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A B S T R A C T 

The study deals with investigations under

taken to assess and identify characters other 

than the dorso-central body setal lengths (o 1-o3) 

in the adult females for better morphological 

understanding of the Mononychellus spp. in Africao 

Twenty-seven characters were measured on 200 adult 

female specimens from 10 African countrieso 

Fifteen characters each, on 150 immature stages 

(larva, protonymph and deutonymph) from Kenya 

were also examined. The ontogeny of body setae 

in all the instars was also studiedo 

Measured characters were subjected to 

principal components analysis ( PCA ), cluster 

analysis and other basic statistical analysis. 

Characters assessed, using the PCA were mostly 

intercorrelated. The few uncorrelated characters, 

such a s all the ratios, particularly RL2 in 

the adult, P
1
,P2,o3 and o5 in the larva and 

P1, L2 and D4 in the protonymph could not effec

tively indicate i dices of variation for 
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classificationo The pattern of the scatter plots 

of the "Operational Taxonomic Units" (OTUs) for 

all the instars and the results obtained from the 

cluster analysis of adult females inferred a 

single specieso Location effect was significant 

for all the variables with analysis of variance 

(ANOVA) tests but the percentage variances due 

to location were very low {except for variable 

(RL2) with 50%), suggesting in the non statis

tical sense, an insignificant role of geographi

cal influence in the species distribution using 

the intercorrelated characterso Mean setal lengths 

for the instars were not all directly proportional 

to the increases in body sizeso 

Seta! counts on the life stages from both 

the laboratory cultures of immatu res and pre

served adult specimens showed a constant number 

of 13 pairs of setae on the dorsal idiosoma from 

larval to adult instars, while there was a progre

ssive addition of setae on both the ventral 

idiosoma and leg segments. 
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Complete setal formulae for the leg 

segments for all the instars, including 

mean setal lengths and body sizes of the 

larva , protonymph and deutonymph are presented. 

Finally, the results of the study, based 

on the variables used, indicated no real evidence 

for describing the species as more than a 

single specieso 
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1. G E NE RA L I NT R 0 D UC T I 0 N 

Mites in general, are minute chelicerate 

arthropods . The adult size ranges from 150-700 

um in length. They belong to the Acari (=Acarina), 

a subclass of the Arachnida. They have neither 

distinct body divisions nor segmentation, while 

chelicerae replace mandibles for mouthparts. 

They have four pairs of legs at nymphal and adult 

stages while the larval stages have three pairs 

of legs (except the Eriophyoidea with two pairs 

of legs all through the life stages). 

Mites, though small as individuals, usually 

occur in large numbers which rank t hem among some 

of the most dangerous organisms attacking plants. 

Although systematic studies of the Acari began 

in the past century, it is probable that only 

a small portion of the fauna has been discovered. 

Inspite of this, studies of phytophagous mites 

in t he families Tetranychidae (spider mites), 

Tenuipolpidae (false spi er mites), 
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Tuckerellidae (peacock mites) and Eriophyidae 

(gall mites) have made steady progress because 

of their agricultural importance. Among these, 

the spider mites are of particular interest 

because of their cosmopolitan nature as well 

as their abundance and damage done to many 

plant species of economic importance. 

Identification of tetranychid mites to 

genus and species level has received considerable 

attention. Such studies have made use of mor

phological characters, including associat ion of 

host plant species, feeding damage and geogra

phical location, among others. Earlier works on 

tetranychid taxonomy include those of Pritchard 

and Baker (1955) and Tuttle and Baker (1 968) to 

mention but a few. 

In Africa, a key to the tetranychid mites 

of central Africa was compiled by Baker and 

Pritchard (1960). 
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Meyer (1974) published a revision of the 

Tetranychidae of Africa with a key to the genera 

of the world. Flechtmann (1977, 1982) published 

a series of papers on keys on the tetranychid 

pests found on cassava in South America. 

Mattysse (1980) published a paper on the phyto

phagous mites occurring in Nigeria which included 

several species of ten found on cassava o Meyer 

(1981) showed how phytophagous mites of agricul

tural crops in South Africa may be identified 

using feeding preference. Macfarlane (1984) has 

prepared a taxonomic key to the tetranychids 

found on cassava in Africao Yaninek (1980, 1986, 

unpublished data) has formulated ecological keys 

to the tetranychid mites found on cassava in 

Africa in general and Nigeria in particular. 

Most recent in the above series of studies 

are those in the tetranychid mites of the genus 

Mononychellus feeding on cassava plants in 

Africa. They are commonly referred to as 

"Cassava Green Spider Mites (CGM) 11
0 
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The pest problems on cassava have increased 

with intensive cultivation and the CGM and other 

phytophagous mites are responsible for severe 

injuries to the plant itself and a heavy reduc-

tion in tuber yields. The CGM in Africa, first 

described as Mononychellus tanajoa (Bonder) is 

an exotic species from South America. It was 

first recorded from Uganda, in 19710 Since then 

it has been found in almost all the cassava 

growing countries of Africa. Doreste (1981) 

described Mononychellus progresivus (Doreste) 

in Venezuela which has also been reported in 

Africa (Flechtmann 1982, Macfarlane 1984). 

The occurrence of both lie.. tanajoa and th 

progresivus in Africa has raised some doubts 

(Yaninek and Herren, 1985). Their similarities 

in general morphology suggest a single species 

though with some variations (Rogo et al., 1987)0 --
This taxonomic issue is now the subject of a 

review study at the International Centre of 

Insect Physiology and Ecology (ICIPE) Nairobi, 

Kenya . 
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A preliminary review study of the CGM from 

their South American topotype and from several 

Af~ican countries indicates that, the dorso

central body setal lengths {D
1
-o

3
) as reported by 

Doreste (1981) are not reliable and stable 

diagnostic characters for separating the species. 

This is because of their wide variabilities in 

a continuous gradient (Rogo, !.! ~., 1987). Also, 

only one type of male aedeagus occurs in Africa, 

suggesting a single species (Rago, pers. comm.) . 

Meanwhile, the CGM in Africa is being referred 

to as "Mononychellus tanajoa (Bonder) " (Rogo, pers. 

commo)o Furthermore, crossin g experiments on the 

Kenya population at !GIPE also showed some degree 

of sexual compatibility (Murega, perso commo). 

Finally the actual number of Mononychell us spp. 

in Africa requires clarificationo This , there

fore, calls for the examination of other taxonomic 

characters to determine their precise identity 

which may assist in the development of control 

strategieso 
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Presently in Africa, classical biological 

control methods are being emp hasised. This is 

because both the pest and the host plants are 

exotic to Africa and biological control once 

established will be best for a subsistence 

crop like cassava. This is because the latter 

being a perennial crop, will in practice, pro

vide food for both t he pest and predator in 

all seasons and hopefully maintain the natural 

acosystems approximately in a state as occurring 

in their original countries. The requirements 

of an effective biological control programme 

include accurate identification of both the 

pest and its natural enemies. Misidentifica

tion of the pest may misdirect the search for 

natural enemies which may result in a waste of 

effort, or in neglect of search for potentially 

effective enemies (see Greathead, 1971 and 

Kumar, 1984 for references). In biological 

control studies in Africa, control of the Kenya 

coffee mealy bug, Planococcus Kenyae, was 

delayed due t o the confusion on its identity 

(Greathead, 1971). 
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It was not until its exact identity and 

likely place of origin was establ i shed that 

an effective parasite was introduced for its 

controlo Similarly, Compere (1961) reported 

that, attempts on biological control of the 

California red scale, Aonidiella aurantii 

(Maskell) had been handicapped and confused by 

the failure to find any morphological differences 

between t his s cale and the closely related yellow 

scale, Aonidiella citrina (Coquillett). 

Although co nsiderable work has been done 

on the identity of Mononychellus species in 

Africa a reliable description of the species is 

s ~ill lacking. The present research was there

fore undertaken: (i) to investigate characters 

of the adult females other than those mentioned 

by Doreste (1981) which may be used for the 

identi fic ation of CGM; (ii) to examine and assess 

their suitability for correct identification of . 

the sp ecies; and (iii) to identify the character(s) 

that best describe the specieso 
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To accomplish these objectives a number 

of characters {see materials and methods -

section 3o5 for details) both of adult females 

and immature stages were examined and subjected 

to statistical anal,sis. Studies on immature 

stages may be justified when one considers that 

not only structural characters but also data 

from other aspects of the organisms biology, 

including life history and immature stages could 

be used in the development of a classification 

schemeo Van Emden (1957) emphasized the taxono

mic significance of th e characters of immature 

insects. At this point of Mononychellus taxonomy, 

the necessity of obtai~ing information on the 

immature stages becomes apparent since there are 

problems in identifying ideal diagnostic charac

ters on the adultso 

Numerical taxonomic methods would be expected 

to be employed in handling the large quantitative 

data derived in this study. According to Sneath 

and Sokal (1962, 1973), numerical taxonomy is 

defined as the grouping~ by means of numerical 
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methods, of taxonomic units into taxa on the 

basis of their character states. This also 

involves the application of multivariate 

analyses. In this study, the principal com

ponents anal ysis (PCA), was used. This examines 

the interactions within variables by displaying 

the relationships between "Operational Taxonomic 

Units" (OTUs) in a multidimentional space. Thus 

finding which variable(s) mostly accounts for the 

variation among the distribution of the OTU's. 

This will determine the objective weightings of 

the variables in the construction of taxonomic 

indices. Furthermore, to test for evidence 

of groupings from the PCA results, the cluster 

analysis was used as well as other basic statis-

tical methods such as the analysis of variance 

(ANOVA) o 

The objective of numerical approach is to 

rid t xonomy of its raditionally subjective 

nature and to provide objective and stable class

ification. Objective, in the sense that the ana

lysis of the same set of organisms by the same 
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sequence of numerical methods will provi de the 

same classification; stable, in that the class

ification is repeatable and remains almost the 

same even under a wide variety of additions of 

organisms or of now characters. Usually, many 

published exercises in numerical t axonomy have 

been undertaken to test either the conlus·ons 

of an existing traditional classification or the 

numerical methods themselves. The former applies 

in this study. The ~lassification of Mononychellus 

species has so far been based on the traditional 

taxonomic system. 

Whether the objectives of numerical me t hods 

of cl assification are always met or not, it is 

convincingly clear that, there are some fields 

of taxonomy wh re numerical methods offer many 

advantages over the traditional approaches, 

especially where the traditional methods appear 

to be inefficient as it appears to be the case 

with Mononychellus taxonomy. 
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2. L I T E R A T U R E R E V I E W 

2.1 Historical background of Cassava Green Mites. 

Prior to the discovery of CGM in Africa in 

the early 1970's, only one published paper was 

known on the description of the species. That, 

by Bonder {1938) being the original taxonomic 

description of CGM as Tetranychus tanajoa. In 

1970, Flechtmann and Baker redescribed I!. tanajoa 

and designated it as Mononychus tanojo.2, but 

because of the r ule of priority Mononychus was 

changed t o Mononychellus by Wainstein in 1971. 

In 1981, Doreste again redescribed the female of 

Mononychellus tanajoa and also described for the 

first time the males. He also described two new 

species Mononychellus progresivus and Mononychellus 

mani hoti . In Africa, the first record of 

Mononychellus was de termined as !:1:. tanajoa (Bondar) 

(Lyon , 1973 and Flechtmann, 1977), but Flechtmann 

(1982) recogn"zed two species, !!:. tanajoa and .t1:. 

progre_!.!vu s on cassava in Ga on and Nigerio. 
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Since then these two species have been 

reported from Africa by several other workersa 

In Kenya, both !:h tanajoa and th, progresivus 

have been identified in major cassava growing 

areas (Murphy, 1984). Macfarlane (1984) also 

stated that the majority of recorded African 

species probably belong to J.:1:. progresivus. 

2.2 Taxonomy of Cassava Green Mitesa 

The Cassava Green Mites are tetranychid 

mites in the subfomily Tetranychinae, tribe, 

Tetranychini. Tuttle and Baker (1968) and Meyer 

(1974) based the family distinction of female 

cha racters on the position of the dorso-central 

setae on the hysterosoma, chaetotaxy of the dorsum 

and empodium; number and position of duplex setae 

on tarsi 1 and 11 and patterns of striae on 

opisthosoma . 

The genus Mononychellus is recognised from 

the other genera by the longitudinal striae between 

the third pair of dorso-central hysterosomal setae, 
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and the setoe being borne on weak tubercules. 

The presence of 2 pairs of para-anal setae; 2 

pairs of duplex setae on tarsus I being adjacent, 

and empodium consisting of 3 pairs of proximo

ventral hairs (Meyer, 1974). 

At species level, !!.:. tanajoa and .t!:. 

progresivus are separated on the bases of the 

lengths of the dorso-central body setae and shapes 

of their aedeagi (Doreste, 1981 and MacFarlane, 

1984). .!:!.:. tanajoa specimens are identified as 

those with short dorso-central body setae (o 1 - o3) 

(Flechtmann and Baker, 1970). The aedeagus is 

strong, s raight and endi ng in a bulge with two 

projections sharply directed forwards its basal 

part (Ooreste, 1981). Those with long dorso

central bQ y setae (0
1 

- o3) and oedeagus without 

strong ventral hook are termed !:!:. progresivu! 

(Ooreste, 1981). !:!:. tanaj a has 9 tactile setae 

and 1 slender solenidion on tibia 1 and 7 tactile 

setae en t ibia 11 . On tarsi 1 and 11 are 5 pro

ximal tac t ile setae and 1 solenidion and 3 proximal 
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tactile setae and 1 solenidion respectively 

(Flechtmann, 1977 and Nyiira, 1977). Ooreste 

proximal tactile setae and 1 solenidion on tarsus 

1 a~d 8 tactile setae and 1 solenidion on tib a 

1. For £1:. progresivus he recorded 9 tactile setae 

and 1 solenidion on tibia 1. In re-examining these 

diagnostic characters, studies at ICIPE using the 

principal components analysis (PCA) indicated that, 

the group examined from different African coun tries 

including their South American topotypes, rep re-

sents one species (Rogo, pers. comm.) but further 

analysis using the discriminant function, showed 

that the long, intermediate and the short setaed 

forms can be separated using the 3rd pair (03) 

of the dorso-central body setae (Nokoe, pers. 

comm.). 

2.3 Economic significance of Ccssava and 

Cassava Green Mites o 
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2.3.1 Cassava 

Acccrding to Montaldo (1973), cassava 

(Manihot esculenta (Crantz) (family Euphorbiaceae) 

originated in the Venezuelan savannah. It was 

introduced in the delta of the Congo River by the 

Portuguese during tho latter part of the sixteenth 

century and in the early nineteenth century in 

East Africa (IITA, 1986). Most cassava in Africa 

grows between latitude 15°N and 15°S of the equator 

(Jones, 1959). It is now extensively grown from 

the humid to semi-humid regions of tropical 

Africa, covering 80 million hectares in about 

34 countries (IITA, 1985). Montaldo (1973) reported 

that, over nine millio~ hectares are sown worldwide, 

the main producers being Brazil with more than 

two million hectares, followed by Indonesia and 

Nigeria with more than one million each. 

Approximately 52% of the world area is under 

cassava cultivation (FAO, 1977, 1982). Africa 

produces 4.2xl07 metric tons of cassava which 

constitutes 44% of global production. 
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Over 200 ,000 ha of cassava is planted in 

Nigeria with yields between 7 and 12 tons/~a 

(Zwankhvizen, 1962)0 In Ivory Coast, over 

1200,000 ha of cassava are planted mainly for 

domestic consumption in rural areas (Naigon and 

Catrisse, 1978)0 In comparison, Toro (1979) 

reported that, in Colombia the average yield is 

8 tons/ha and in some localities more than 20 

tons/ha have been obtainedo On the average, 

Africa's cassava tuber yield is 6.0 tons/ha 

as compared to the world average of 803 tons/hao 

(IITA, 1985). 

The crop is used for both food and industrial 

purposeso It is a staple carbohydrate food source 

of 300-500 million inhabitants of Africa (Byrne 

.=_!. ~o 1 1983). Cassava is used in animal and 

food industries in place of cereals in some 

European countries (Doreste, 1984)0 The leaves 

serve as green vegetable in many areas and the 

protein content in flour from the leaves is also 

as high as 17% (Bu r ger, 1952) o 
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Cassava is also used as a raw material for 

the production of alcohol and adhesives in Brazil 

(Lima, 1977)0 Lii and Chang (1978) reported that 

the principal starch sources in Taiwan are sweet 

potato, cassava and arrow root (Maranto arundinacea 

L0)0 In Indonesia, it ranks second to rice in 

importance (Wang , 1980)0 

Cassava Green Mites 

In Africa, the arthropod pest status on 

cassava was not considered to be of economic 

importance until the accidental introduction of 

cassava mealy bug and cassava green mite 

(Girling,=.!~., 1977)0 Flechtmann (1977,1981) 

and Doreste {1981) stated that , there are about 

40 different species of tetranychids on cassava 

all over the world. Out of these, the most 

frequent and most important being tk, tanajoa 

(Bonder). The host range of CGM is also limited 

within the family Euphorbiaceae and is restricted 

almost entirely to the genus Manihoto 
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Nyiira (1977) reported that the mite s feed 

and breed on Manihot esculenta, .t!.:. ~laziovi i , M. 

dichotoma and .t!.:. pauyensio This narrow host 

range indicates specificity leading to high build 

up of pest populations to damaging l evels. 

Mononychellus spp. attack the ventral s urface 

of young cassava plants, especially 2-8 months 

old leaves near the terminal shoots (Girl i ng 

!,,! ~., 1977). Byrne!,!, 2.!,o (1983) described t he 

feeding mechanism of !:!.:. tan a joa (Bondar). They 

feed by piercing individual cells of the leaf 

parenchymatous tissue with their elongated, 

paired, needle-like stylets, extracting cell 

contents. The damage symptom as a result of 

this is first observed as irregular whitish 

spots on the leaf surface which later become 

yellowish (chlorotic spots) due to chlorophyll 

depletion in the leaveso Complete chlorosis 

occurs, depending on the population of CGM feeding 

actively. Heavy infestation leads to stunted 

growth of the plant and leaf drop producing a 
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"candlestick" symptom followed by complete defo

liation particularly under drought stress condition. 

Nestel ( 1976) stated that, during this period it 

is difficult to differentiate between the symptoms 

of severe mite infestation and those of cassava 

mosaic viruso Although cassava is present all 

through the season in most African countries, peak 

CGM populations are known to occur during the 

dry season (Nyiira, 1972; Leuschner, 1980 end 

Akinlosotu, 1982). Many authors have also cited 

the importance o f r ainfall as a mortality factor 

of CGM populations (Nyiira, 1972 ; Lyon , 1974; 

Yaseen , 1975 and Samways, 1979). 

There has been a decline in yield all over 

the world ever since the mite pest infestation 

on cassava became apparento Root yield losses 

due to Mononychellus sppo have been estimated 

at 10-80% (Bonder, 1938 and Shukla, 1978) . In 

experiments with treated and untreated plots, 

yield losses of 8% and 17% (Doreste and Aponte, 

1979) wer e reported . Reductions in tuber weight 
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due to mite attack have been variously estimated 

at 46% in Uganda (Nyiira, 1975), 50-80% in Tanzania 

(S hukla , 1978). Bellotti and Schoonhoven (1978) 

also recorded 15-20% tuber losses in Venezuela 

and 20-53% in Colombia. The value of annual losses 

of t ubers due to mite infestation was estimated at 

860 million U.S . dollars , which excludes the loss 

of leaf vege table and planting materials ( IITA, 1986). 

2.4 Multivari ate analysis 

Sys emetic studies using numerical taxonomy 

has l ed to an increasing dep endence on multivariate 

analyses. Such analyses i ncl ude the popularly 

used multiple regress i on and others, such as t he 

principal components analysis (PCA ), Principal 

facto r analysis (PFA), Cluster analysis, Discriminant 

and Canonical analyses. 

Principal components analysis was first deve

loped by Pearson (1901} and Frisch (1929) in 

problems of mul t i variate analysis . The statistical 
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properties of PCA have been investigated in deta il 

by Hotelling (1933), Anderson (1958), Seal (1964), 

Kendall (1968), Davis (1973), Dunn and Everitt 

(1982). Rao (1964) has provided various inter-

pretations of PCA used in multiple measurements o 

It has been applied by many authors i n taxonomic 

studies. Bailey (1956) studied the morphogenesis 

of mice using genetic and environmental charac ters 

subjected t o PCAo Jolicoeur and Mosimann. (1960 ) 

classified painted turtles Chrysemys picta margina t a 

collected from a stagnant pond in the St. Lawrence 

Valley , us ing carapace length, wi dth and height 

measured on 24 males and 24 females. Patterns 

of growth in grasshoppers were di stinguished with 

PCA (Blackith, 1960). Reyment (1961) used indivi-

dual measurements of cranial lengths and breaths 

of mature species for the classification of European 

frog Rana esculenta. Rohlf (1967) determined the 
~ 

taxonomic status of 45 species of Nor t h American 

mosquitoes using 74 intercorrelated external mor-

phological characters of pupae; cluster and factor 
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analysis were also computed and compared using 

the some data set. Forty individual winged aphids 

were classified using measurements on 19 morpho

logical characters (Jeffers, 1967) . Prentice (1980) 

in Scotland used 47 characters and character states 

to compare the populations of red campion Silene 

dioi ca (L. Clairv). Species of two groups of 

termites nbadius" and " tangaricus" were separated 

with 15 measured characters using the PCA (Bogine, 

1986)0 The PCA and discriminan t function analyses 

were used in determining the taxonomic status of 

Mononychellus spp . in Africa using 22 measured 

characters (Rogo, pers . comm.). 

Factor analysis was developed by experimental 

psychologists in the 1930s and 1940s (Davis, 1973). 

Some of the documented utilizations are those of 

Burt anri Banks (1947) in the analysis of body 

measurements for British adult males . Stroud (1953) 

applied factor nalysis to t he systematics of 

termites of the genus Kalotermes. Kraus and Choi 

{1958) used it in determining the pre-natal growth 
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of the human skeleton. Sokal and Daly (1961) 

also extensively used factor analysis in the 

behavioural studies in insects. 

The detailed account of cluster analysis can 

be found i n the texts of Jardine and Sibson (1971) 

Sneath and Sokol (1973), and Everitt (1 980). 

CartGr and Jeffers (1966, unpublished da ta) used 

3 methods of multivariate analyses namely PCA, 

Canonical and Cluster analyses to separate species 

groups of Alate (Adelgidae: Hemiptero), using 24 

measured characters. 

Discriminant function is a synonym of canonical 

analysis (Dunn and Everitt 1982). The use of 

discriminant anal ysis has bcon illustrated and 

discussod by Jolicoeur (1959). Fisher (1936) has 

made use of it in the s t udy of some taxonomic 

problems. Blackith and Albrecht (1959) reported 

studies of fou r groups of "crowded laboratory 

breed" Red l cust using weight, elytron length, 

compound eye height all s~bjected to cano ical 

analysis. Stow0 r et al . (1960) studi d the mor-- -
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phological differen ces on eight locust populations 

using olytron l ngth, femur length and head 

capsule " MacFie eT al. (1978) have studied the --
chemical analysis of aerobic food spoilage bact0ria 

using discriminant analysis. O'Oonnel .!! ~· (1980} 

also used the same technique in the separation 

of closely related species o f Bacillus . 
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3. M A T E R I A L S A N 0 M E T H 0 0 S 

3.1 Specimen collection 

Adult specimens preserved in 70% ethanol were 

received from 10 casscva growing countries of Africa, 

covering East, Central and West Africa. The countries 

covered were , Burundi, Camer oon, Ghana, Kenya, 

Nigeria, Rwanda, Tanzania, Uganda, Zambia and 

Zanzibar (Table 1 }. Most collections were made 

in the dry season. 

Adult males and female teleiochrysalis (virgin 

females} reared for immature stages were collected 

from infest d cassava leaves in the field, from 

5 c~ssava growing areas of Kenya namely: Embu, 

Homabay, Mbita Point Field Station, Mombasa 

and Rusinga Island (Fig. 1). Collec tion was 

carried out at every 15 kilometre (Km) interval 

along a transect. At every point , infested leaves 

(leaves 6-10) from t he terminal shoot were collec

ted into cellophane bags. 
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Table 1. Collection areas of adult female specimens 

of Mononychellus spp. in Africa 

country No. of collection sites 

Burundi 1 

Cameroon 7 

Ghana 6 

Kenya 9 

Nigeria 4 

Rwanda 1 

Tanzania 3 

Uganda 3 

Zambia 2 

Zanzibar 1 
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34°E 38°E 400E 

Fig . 1. Collection sites for adult males· and female teleiochrysalis 
(virgin females) of ~ononychellus spp. reared for immature 
stages in Kenya. 
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The largest number of CGM was usually present on 

these (Yaseen, 1975). Adult male and female mites 

were transferred with the aid of a fine camel hair 

brush with dampefied bristles onto a leaf disk for 

r~aring. Choice of collecting sites was based on 

earlier distribu tion studies of Mononychellus spp. 

in Kenya by Rogo (1986, unpublished manuscript). 

3.2 Rearing 

The leaf disk method described by Helle and 

Overmeer (1985) was employed. Disks were obtained 

from young fully developed cassava leaves using a 

cork borer. Contamination by alien species was 

avoided by washing and inspecting the leaves under 

the microscope before us • The leaves were changed 

within a maximum of 4 daya to avoid fungal growthso 

Clean d"aks wer placed with the upper surface down on 

a~~ad of wet cotton wool in a perforated plastic 

petridish of 90mm in diameter. The petri dishes 

were placed in a plastic tray (380mm x 230mm 

x 30mm in dimension) and a quarter filled with 
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water to keep the disks moist (Fig. 2). The 

trays were in turn placed in a locally constructed 

growth chamber, which rested on a galvanised water 

trough, acting as a barrier to all crawling foreign 

ogenta for possible contamination. A 60W incandes

cent bulb illuminated the chamber and also provided 

the necessary warmth required . Temperature and 

elative humidity were regulated at 26° - 28°c and 

65- 75% R.H respectively by Mason's hygrometer fixed 

in the chamber (Yaseen and Bennett, 1975). Under 

thes conditions, th ites mated and females 

oviposited. The eggs hatched into larvae and 

subsequently moulted into protonymphs, deutonymphs 

and adults . At each i star, enough specimens were 

removed for mounting and examination. 

3.3 Mounting 

CGM were moun d in Hoyer's medium as recomm

ended by Pritchard and Baker (1955). The formula

tion is as foll ows : distilled water, 50mls; gum 

arabic, 30g; chloral hydrate, 2009; glycerol, 16mls; 

These were mixed sequenatially at .room temperature, 
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Fig. 2. Leaf disk rearing technique for immature stages of 

Mononychellus spp. A = leaf disk; B =cotton wool; 

C = petridish; D = tray a quarter filled with water. 
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stirring occasionally until the ingredient went 

into solution in about 14 days. 

A drop of the Hoyer's solution was placed at 

th centre of a clean microscope slide and i ndivi-

dual adult and i mmatures were deposited in the medium 

and orientated dorso-ven~rally with legs well spread 

out and covered wi th a cover slip. To expand and 

clear the s ecimen, it was gently heated over a spirit 

0 lamp and left to dry a. 50 C for 5-7 days. Dried 

slides ~ere ringed with glyceel or neutral nail polish 

and were labelled indicating the l ocality, host plant, 

date of collection, collectors name, specimen sex , 

reference number and then s tored in slide boxes. 

3.4 Measurements 

Tho eye pi ece graticule used for measurement 

was calibrated in millimicron (µm). This was done 

u ing a stage graticule (micrometer} of 10mm in 

length and O.lmm subunit. All measurements were 

made with a leitz phase contrast microscope at 40x 

objective and all illustrations made with leitz 

camera lucida. 
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Body lengths were taken excluding rostrum 

and the entire gnathosoma. Maximum body widths 

were measured at the level of the humeral setaoo 

Lateral setal lengths and the distances between 

them and alao, all the dorsal setal lengths were 

taken from the points of insertion. The portions 

of leg segments overlapping into adjacent segments 

were noted. Lengths of tarsal segments were taken 

up to the pretarsi xcluding empodia and all ambu

lacral appendages. The nomenclatur of the body 

parts and the different setae are illustrated in 

Fig. 3. Twenty replicates per location were used 

because greater degree of accuracy is expected with 

l arge sample sizes. With this, the total number of 

adult females examined ere 200 from 10 countries. 

For the immature stages, based on the same consider

a ion, 150 specimens were treated, 50 replicates 

for each instcr and 10 from each locality. A total 

of 100 characters obtained from both measurements 

and setal counts were examined on the larval to the 

adult stage. 
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Fig. 3. A typical tetranychid mite(Te t ranychus urticae Koch) 

showi ng the nomenclature of dorso-ventral aspects of 

body setae(after, Gutierrez, 1985). 

11 ARSUS 
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3.5 Variables studied (see fig. 3)o 

The characters examin d in this study were 

based on some general morphological characters 

often used in the identification of tetranychid 

miteso 

Adults 

1. Length of trochanter segment, leg 1 Trl 

2. n n femur n " " Fm 1 

3. " n g nu " n " Gn 1 

4. H II tibial II .. " Tb 1 

5. .. n tar sol " .. " Ts 1 

Similar measurements were made on legs 11 - lV 

for variables 6-20 



21. Ratio of body length to tho dorso-laterol aetal length (L
1

) RL
1 

22. .. " " " " " " n .. .. (L2) RL2 

23. " " " " .. " .. " n n (L3) RL3 

24. n " .. .. II " " II II " " (L4) RL4 

25. Ratio of body length to the distances between the dorso-lateral 
in 
("') setal length (L1 and L2) Rd 1 

26. .. .. (L2 and L3) " II n .. .. Rd2 

27. " .. (L3 and L4) " II H " " Rd3 
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Set al scores 

28. Number of setae on coxi$ternal plate, leg 1 Cx 1 

29. " H u " trochanter segment, II " Tr 1 

30. " " a " femur n " " Fm 1 

31. .. n Ill n genu n n " Gn 1 

32. n n u " tibial II " " Tb 1 

33. II " .. " tarsal .. " 11 Ts 1 

Sim'lar scores were observed on legs 11 - lV for 

variables 34-51 

Immature stages 

1. Total body length (BL) 

2. ~aximum body width (BW) 

3. Length of prodorsumal so tao pl 

4. " n n H " p2 

5. .. II n .. " P3 

6. " n humeral n H 

7. " 11 dorso-central .. 
01 

a. II " .. II n 
02 

9. Cl II .. .. .. 
03 

10. n II a .. " D4 

1 1 0 
II II " .. II 

05 

12. a " dorso-lat ral II 
Ll 
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Length of dorso-lateral setae 

13. " n II II n 
L2 

14. " " " " " L3 

15. " " n n 
L4 

Set l a cores 

i6. Number of setae on idiosomal midventer Mv 1 

17. " .. " " .. " Mv2 

18. n II n n n " Mv3 

19. Number of setae on opisthosomal venter PrG 

20. n " " n II " Gl 

21. n n u n II " G2 

22. " ·" " " .. " Al 

23. " n n n " n A2 

24. " n n " " n RaA 1 

25. " n n .. II n PaA2 

26. n a R " Coxisternal plate leg 1 ex 

27. " n .. .. trochanter segment " 11 Tr 

28. II n n " femur " " " Fm 

29. " " " .. genu " " n Gn 

30. " " .. tibial " " " Tb 

31. .. n " n tarsal n " " Ts 

The same scores were observed on legs 11-lV for 

variables 32-49 

1 

1 

1 

1 

1 

1 
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3.6 Technique of principal components analysis 

(PCA) and cluster analysis 

The mathematical account of PCA involves a 

reduc ion of the data sat without much loss of 

information. The technique consists of transformation 

of th a t of observed variables. 

xl I X2 • • • Xp; 

to a new set, 

y 1' Y2 e • p; 

such that each y is a linear combination of the 

x. s, that is 

v, - a1'1x1 + 0 11 2X2 + + 0 1'PXP - ••• 

y2 - 0 21 1X1 + 0 21 2X2 + • • • + 0 2'PXP -
• 
• 
• 

yp = ap'lxl + p'2x2 + ••• + ap'pxp 

Secondly, the co f ficients defining each linear 

transformation (that is, the a•s) are such that 

th sum of their squares is unity ; that is, 

L au = 1; for . = 1, • u I p 
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Furthermore of all the possible transformation 

of thin type, v1 has the greatest variance, also, of 

all the possible transformations of this type, which 

are uncorrelated with v
1
, v2 has the greatest 

variance, and so on, until tho complete set of "P" 

transformed variab es has been defined. 

Th PCA is expected to produce a set of "P" 

composite characters that are uncorrelated and are 

arranged in order of decreasing variance. If it is 

oua rved that the first few components account for 

most of the variation, it might be possible to us 

only these in subsequent analysis. 

For the computation, the "RM type principal 

compcnen s analysis of correlation among variables 

as de cribed by Sneath and Sokal (1962) was used, 

as it is appropriate for the quantitative data in 

this study. The data set was also standardized by 

substracting from each observation, the m an of the 

data set and div' ding by the standard deviation. 

This t chnique converts the data to a form wh reby 
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all variables extend essentially over the 

same ranges with a moon of zero and a variance of 

unity. 

Cluster analysis methods compare each OTU with 

every other one, in order to d termine the degree 

of similarity based on the numerically coded characters. 

The r esultant set of measured similarities can then 

be exhibited in the form of a ("t" x •ta) matrix of 

OTUs. From this, OTUs can be arranged in clusters 

on the basis of the matrix of calculated similarities. 

The "single linkage cluster analysis• which definss 

the moat similar (least dissimilar) pairs of OTUs 

was usedo The PCA, as vell as the cluster programs 

by Davis (1973) and mounted on WANG PC was used for 

the s tudi es . 
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4. R E S U L T S 

4.1 Measurements 

4.1.1 Adu t atcge 

·Measurements on specimens from the different 

locations are given in appendices 1-10. The 

following subroutines were extracted from the PCA 

namely: correlation dispersion half-matrix (for 

standardized data), latent roots (eigenvalues), 

normalisod eigenvectors (weightings), principal 

components scores and percon age variances. 

Table 2 gives the coefficients of correlation 

between each of the 27 variables and their levels of 

significance. The high degree of intercorrelationa 

between the variables are evident from the table 

exce t for variables 21-27 (ratios of measurements) 

which did not seem to correlate with anything. 

These variables might be of considerable taxonomic 

utility. To verify this, another set of PCA was 

computed using only the 7 ratios . 
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Table 2. Coefficients of correlation half-matrix for 27 Variables between 
adult female Mononychellus spp. 

: Tr! Fml Gnl Tbl Ts! Trll Fmll Gnll Tbll Tsll TrlII FmIII GnlII TbIII TsllI TrlV FmlV GnIV TbIV TsIV Rll RL2 RL3 RL4 Rdl Rd2 Rd3 
: 1 *) *~ *~ 5 *~ J J 9 10 11 12 l} ~4 15 16 17 ~B 19 20 21 22 23 24 25 26 27 

TrI 1: 1.00 0.26 0.27 0.26 0.01 0.39 0.24 0.25 0.12 0.09 0.2'0 0.07 0.22 0.22 0.12 0.12 0.18 0.23 0.15 0.05 0.12 0.04 -0.02 0.00 0.12 0.08 0.04 
. ** ..,.. ** * ** ** ** ** ** * ** ** * * * * * FmI 2: 1.00 0.34 0.32 0.26 0.20 0.34 0.34 0.34 0.31 0.10 0.27 0.22 0.30 0.36 0.06 0.20 0.23 0.22 0.21 0.03 0.05 0.07 -0.07 0.20 0.16 0.10 

** ** if* ** * * ** ** ** ** ** ~ ** GnI 3: 1.00 0.46 0.19 0.10 0.29 0.47 0.27 0.17 0.24 0.05 0.23 0.36 0.42 0.35 0.29 0.31 0.Ll 0.36 0.03 -0.11 -0.03 -0.07 0.03 -0~02 0.16 
* .fr. ** * ** ** ** ** ** ** ** ** Tnl 4: 1.00 0.23 0.19 0.LL 0.30 0.22 0.29 0.19 0.13 0.25 0.28 0.35 0.14 0.26 0.33 0.32 0.36 0.03 -0.07 -0 .09 -0.09 -0.06 -0.07 0.08 

* ... ** ** * * ** Ts! 5: 1.00 -0.03 0.11 0.22 0:25 0.40 0.16 0.05 0.09 0.14 0.36 0.11 0.18 0.21 0.22 0.35 0.06 -0.05 0.01 -0.07 0.04 0.00 -0.02 
TrII o: 1.00 o.2~ 0.10 0.13 0.02 o.33 o.14 0.15 0.06 0.15 0.11 0.15 0.12 0.08 o.o4 o.o4 -0.05 -0.01 o.o4 o.22 o.15 o.o4 

* - * * * FmII 1: 1.00 0.22 0.19 0.17 0.19 0.25 0.20 0.14 0.24 0.15 0.22 0.10 0.08 0.10 0.05 0.01 0.03 0.00 0.04 0.08 0.13 
** * * * ** ** ** * ** GnII 8: 1.00 0.38 0.15 0.22 -0.03 0.23 0.23 0.32 0.15 0.26 0.26 0.22 0.33 0.10 0.06 0.08 -0.07 0.06 0.05 0.08 

** * * ** TblI 9: 1.00 0.14 0.13 0.07 0.19 0.17 0.30 0.04 0.23 0.23 0.27 0.19 -0.00 0.02 -0.03 -0 .15 0.15 0.04 0.02 
** ** TsII 10: 1.00 0.05 0.04 0.07 0.07 0.37 0.05 0.16 0.15 0.13 0.35 0.03 -0.09 -0.05 -0 .12 -0.04 -0.08 0.15. 

** TrIII 11: 1.00 0.10 0.10 0.18 0.18 0.25 0.16 0.16 0.13 0.10 0.03 -0 .06 -0.10 -0.04 0.07 -0.01 0.12 
** FmIII 12: 1.00 0.15 0.16 0.18 0.04 0.26 0.17 0.14 0.10 -0.01 -0.02 -0.04 -0.05 0.05 0.12 0.06 

** ** ** GnIII 13: 1.00 0.29 0. 39 0.30 0.12 0.14 0.17 0.17 0.07 0.05 -0.03 -0.09 0.02 0.09 0.07 
** * ** ** TbIII 14: 1.00 0.27 0.14 0.21 0.25 0.39 0.13 0.04 0.05 0.00 -0.08 -0.01 0.04 0.05 

** * ** ** TsIII 1s: 1.00 0.27 0.23 0.17 0.32 0.53 0.04 0.01 -0.03 -0.19 -0.07 -0.09 0.05 
* ** TrIV 16: 1.00 0.23 0.03 0.16 0.26 0.01 0.02 0.02 0.01 -0.17 -0.07 0.12 

* ** ** FmIV 11: 1.00 0.24 0.29 0.32 0.09 -0.11 -0 .08 -0.09 0.01 0.10 0.05 
** * Gn!V 18: 1.00 0.28 O.lil 0.01 0.00 -0.02 -0.07 0.10 0.10 0.10 

TbIV 19 : 1.00 0.32 0.01 0.13 0.02 -0.07 -0.03 -0.01 0.05 
TsIV 20: 1.00 0.08 -0.00 -0.03 -0.13 -0.00 0.02 0.07 
RU 21: * * r >0 . 254 (p <0. o 1) 1.00 0.04 -0·2! -0.02 -0.03 0.06 -0.12 
RL2 22: 1. 00 0.72 0.10 0.02 0.14 0.15 
RL3 23: * r>O .195 (p<O · 05) 1.00 0.20 0.04 0.13 0.11 
RL4 24: 1.00 0.06 -0 .02 0.04 

** 
Rdl 2s: 1.00 0.46 0.14 

** Rd2 26: 1.00 0.32 
Rd3 21: 1,00 
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Table 3 shows the correlation coefficients between 

tho variables. The low degree of intercorrelation 

was expected except between the variables indicated 

in the table. 

The latent roots for the best 5 components for 

27 and 7 variables respectively were as follows: 

Principal Components 27 Variables 7 Variables 

1 5.17 1.96 

2 2.13 1.46 

3 1.80 1.06 

4 1.50 1.06 

5 1. 26 o.96 

These val es were al l significant considering an 

arbitrary va!ue of 1.00 or greater as a practical 

significant level (Jeffers, 1967). 

Tables 4 and 5 show tho values of the normalised 

eigenvectors and percentage variances for the best 

10 and 7 components of 27 and 7 variables respectively. 

Tho vectors being scaled so th~t the maximum weightirig 

is +1, variables which have relatively high positive 



- 44 -

Table 3. coefficients of correlation half-matrix for 7 

ratios between adult female .Mononychellus spp. 

RL1 RL2 RL3 RL4 Rd1 Rd2 Rd3 

1 2 3 4 5 6 7 

RL1 1 1.00 0.04 -0.04 -0.02 -0.03 0.06 -0.12 

RL2 2 1.00 ** 0.72 0.10 0.02 0.14 0.15 

* RL3 3 1.00 0.20 0.04 0.13 0.11 

RL4 4 1.00 0.06 -0.02 0.04 

** Rd1 5 1.00 0.46 0.14 

** Rd2 6 1.00 0.32 

Rd3 7 1.00 

* * r -r O. 254 ( P < O. 01) 

* r > 0.195 (P< 0. 05) 



Table 4. Normalised eigenvectors (weightings) and percentage variance 
explained by the best 10 principal components for 27 varialbles of 
adult female Mononychellus spp. 

Principal components 

variable 1 2 3 4 5 6 7 8 9 10 
Tr I 0.185 0.172 0.231 -0 . 232 -0.175 -0.219 0.106 -0.053 0.055 0 .217 
Fm I 0.264 0.153 0.077 0.188 -0. 050 -0.016 0.253 -0.160 -0.207 0.127 
Gn I 0.295 - 0.055 -0 . 007 -0 . 130 0.070 -0.158 -0 . 267 -0.038 -0.102 0 . 239 
Tb I 0.277 -0.107 0.012 -0.029 -0.054 -0.041 -0.051 -0.216 0. 057 0.247 
Ts I 0.199 -0.140 -0 .180 0.306 0.101 - 0.141 0.122 -0.032 0.182 -0 . 208 
Tr II 0.144 0. 199 0. 378 -0.180 0.077 -0.122 0.207 -0.069 0.064 -0.267 
Fm II 0.200 0.134 0. 144 -0.110 0.211 -0.001 0. 362 -0.144 -0 . 138 0.079 
Gn II 0.261 0.049 -0 . 089 -0.006 -0.110 -0.364 -0.162 0. 086 -0.126 -0.006 
Tb II 0.219 0.029 -0.015 0.198 - 0.211 -0.148 -0.035 - 0.007 -0.291 -0.368 

. Ts II 0.188 -0.169 -0.127 0.301 0.299 -0.104 0.236 -0.163 0 . 075 0.218 
Tr III 0.170 0.023 0.212 -0.226 0.162 -0.151 -0.147 -0.064 0.155 -0.437 

Ill Fm III 0.130 0.091 0.153 0.051 -0.005 0.599 0.310 -0 . 106 0.118 - 0.059 -.:to 
Gn III 0.205 0.038 0.001 -0 . 216 -0.037 0.178 0.083 0. 317 -0.381 0.099 
Tb III 0.221 0.030 -0.040 -0.142 -0 . 337 0.225 -0.157 -0.069 - 0.072 0.162 
Ts III 0.296 -0.158 -0.162 0.004 0.133 0.065 0.172 0 .109 0 .177 -0 .115 
Tr IV 0.163 -0.078 -0.083 -0.434 0.341 0.090 -0.140 0.222 0.031 -0.121 
Fm IV 0. 227 -0.039 0.087 0.010 - 0.008 0.205 -0.052 0 . 120 0.383 -0.087 
Gn IV 0.213 0.060 0.042 0. 122 - 0.259 0. 038 -0.242 -0.214 0.230 0.113 
Tb IV 0.225 -0.021 -0.170 -0 .023 -0.294 0.238 -0.144 -0.082 0.211 -0.184 
Ts IV 0.253 -0.163 -0.201 0.135 0.183 -0.002 -0.045 0.209 0.200 -0.065 
RL1 0.043 -0.014 0.030 -0.051 -0.207 -0.245 0.314 0.552 0.389 0.270 
RL2 -0.006 0.398 -0.479 -0.143 -0.092 0 . 011 0.122 0.030 0.021 -0.110 
RL3 -0.019 0. 396 -0.488 -0 . 106 0.003 -0.068 0.127 - 0.087 0.042 -0.072 
RL4 -0.078 0.189 -0.056 -0 .202 0.123 -0.167 0.041 -0.340 0 . 338 0 . 085 
Rd1 0.042 0.370 0.234 0 . 355 0.017 -0.132 -0 . 128 0.100 -0.027 -0 . 144 
Rd2 0.041 0.436 0.129 0.279 0.098 0.140 -0.151 0.362 0.066 0.092 
Rd3 0. 079 0.268 -0.041 0.066 0.462 0.141 -0.353 -0.036 -0 .022 0.267 

Percentage 19 . 22 7.93 6.69 5.66 4.66 4.47 4.36 4.06 3.93 3.61 
variance 
curranulative 19.22 27.15 33.84 39.50 44.16 48.63 52.99 57.05 60 . 98 64.59 
% variance 
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Table 5. Normalised eigenvectors (weightings) and percentage variance 

explained by the best 7 pr incipal components for 7 var i ables 

(ratios) of adult female Mononychellus spp. 

Principal components 

variable l 2 3 4 5 6 7 

RL1 -0.032 -0.028 0.892 0.153 0.377 0.172 0.083 

RL2 0.549 -0.380 0.124 - 0. 213 -0 .085 0.104 -0.690 

RL3 0.557 -0.396 0.024 -0.075 -0.162 - 0.008 0.707 

RL4 0.196 -0.184 -0.215 0.896 0.227 -0.126 -0.104 

Rd1 0.285 0.542 0.075 0.268 -0 . 480 0.564 0.002 

Rd2 0.396 0.527 0.186 -0.036 -0.014 -0.726 -0.038 

Rd3 0.333 0.304 -0 . 319 -0.221 0.737 0.314 0.068 

Percentage 28 . 05 20.91 15.17 13.78 11.59 6.68 3.83 

variance 

Curranulative 28.05 48.96 64.13 77.91 89.50 96.18 100.01 

% variance 



- 47 -

or negative weightings (greater than 0 . 7) are said 

to con s t itute i ndices of distinction (Jeffers, 1967) . 

There was no remarkably weighted character in Table 4. 

In Table 5, RL 1 weighted positively in component 

3 but accounted for only 15% of the total variation. 

Sim·larl y, RL4 in component 4, Rd3 in 5, Rd2 in 6 

and RL2 and RL3 in 7, weighted highly but all with 

low percentage variances out of the cummulative 

values. The first 3 components accoun ed for only 

34% and 64% for the 27 and 7 variables r espectively. 

The eigenvectors were sed to compute the 

various component scores as follows: 

• 

• 

• 

0 1'1' - 0 11 27 are the ei genvectors of the first 

principal component for t he 27 variables; the second 

component follows the same computation and so on, 
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While the v
1
-v200 are the components scores (trans

formed variables) for the 200 OTUa. The computed 

values of the first three components for each of 

the OTUs ere plotted as in figs. 4 and 5 for 

27 variables end figs. 6, 7 and 8 for 7 ratios. 

The plotted data w re all shown as clusters of th~ 

OTUs. 

The results of the sing e linkage cluster 

analysis are given in Tables 6 and 7 for 27 and 7 

variables respectively. The number of clusters 

and OTUs remaining unclustered at the different 

similarity levels are evident in the tables. 

Considering even the unclustered OTUs as a group, 

it was c-ear that majority of the OTUs out of 200 

were n a group. This w s an indication of very 

close similarities in the specimens. Detailed 

account of the analysis is given in appendices 14 

and 15. 

The •one-way" analysis of variance (ANOVA) and 

the Duncan's multiple range test results ore shown 

in Tables S and 9. Location effect was significant 

(P < 0.05) but th& percentage variances due t o 
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Fig. 4. First and second principal components plots for 27 

variables of adult female, i1on onychellus spp. 

Key: 

( AA ) Burundi; ( VV ) Cameroon; ( 00 ) Ghana; 

( ) Kenya; (QQ) Nigeria; ( 00) Rwanda; 

( 'V'V ) 

<++ > 
Tanzania; ( 6.6. ) Uganda; ( ) Zambia; 

Zanzibar. PC = Principal component. 
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Fig. 5. First and third principal components plots for 27 variables 

of adult Mononychellus spp . 

Key: 

( A. ) Burundi; ( •• ) Cameroon; ( 00 ) Ghana; ( ) Kenya; 

( 00 ) Nigeria; (DO ) Rwanda; ( Y'V ) Tanzania; ( .66. ) Uganda ; 

( fl!· ) Zambia; ( ~ ) Zanzibar. PC =Principal COQponent . 
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Fig. 6. First and second principal components plots f o r 7 ratios of 

adult female, Mononychellus spp. 

Key: 

(A ) Burundi; ( TV ) Cameroon; ( 00 ) Ghana; ( ) Kenya; 

( 00 ) Nigeria ; ( 00) Rwanda; (\JV ) Tanzania; ( 6.6. ) Uganda; 

( ) Zambia; ( ) Zanzibar . PC= Principal component. 
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Fig . 7. First and third principal components plots for 7 ratios of 

adult female, Mononychellus spp. 

( AA ) Burundi ; ( ..,.., ) Cameroon ; ( 00 ) Ghana; ( ) Kenya; 

( 00) Nigeria; (DD) Rwanda; ( \l\l) Tanzania ; ( 6.6.) Uganda; 

( II ) Zambia; ( ) Zanzibar. PC =Principal component. 
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Fig. 8 . Second and third principal components plots for 7 rat i os of 

adult female, Mononychellus spp. 

( AA ) Burundi; ( V v) Cameroon; ( 00 ) Ghana; ( , ) Kenya; 

( 00 ) Nigeria; (OD) Rwanda; ( 'V'V ) Tanzania; ( £::,.£::,. ) Uganda; 

( II ) Zambia; <• ) Zanzibar. PC = principal component. 
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Tables 6. cluster analysis for 20 variables of adult female 

Mononychellus spp. 

S irni lar i ty 

level 

1.00 

0.90 

0.70 

0.60 

0. 50 

0.40 

0.30 

No. of 

cluster 

1 

2 

4 

11 

3 

1 

1 

No . of CYI'U's out 

of 200 not clustered. 

198 

196 

192 

163 

63 

10 

0 

Table 7. Cluster analysis for 7 ratios of adult female 

Mononychellus spp. 

Similarity 

level 

0.57 

0.37 

0.27 

0.07 

No. of 

cluster 

2 

15 

21 

1 

No. of CYI'U's out of 

200 not clustered 

195 

167 

55 

0 



Table 8. Analysis of variance (ANOVA) showing percentage variance due to 
location for 27 variables of adult female Mononychellus spp. 

variable Mean Square Mean Square F Significance Percentage variance* 
Location 9df Error, 190df Level due to location 

Tr I 37.10 4. 27 8.68 0. 0000 27.75 
Fm I 148.67 40.41 3.68 0.0003 11 . 81 
Gn I 69.05 11.95 5.78 0.0000 19.28 
Tb I 76.54 19.11 4.01 0 . 0001 13.06 
Ts I 44.52 20.17 2.21 0.0232 5.70 
Tr II 26.06 5.28 4.93 0.0000 16.43 
Fm II 28.63 15.39 1.86 0 . 0599 4.12 
Gn II 31.40 8.31 3.78 0.0002 12.21 
Tb II 6.98 5.07 1.38 0. 2001 1.86 

I Ts II 65.63 17.55 3.74 0. 0003 12.05 
~ Tr III 18.22 7.32 2.49 0 . 0105 6.93 
~ Fm III 48.00 29.62 1.62 0.1113 3.oo· 

Gn III 19.99 6.60 3.03 0.0022 9.22 
Tb III 46.72 9.26 5 . 04 0.0000 16.82 
Ts III 57.44 15.14 3.79 0.0002 12.26 
Tr IV 13. 75 6.86 2.00 0.0405 4.79 
Fm IV 63.31 31 . 36 2.02 0. 0391 4.85 
Gn IV 23.91 6.31 3.79 0.0002 12.25 
Tb IV 10.99 8.07 1.36 0.2074 l. 78 
Ts IV 43.85 13. 94 3.15 0.0015 9.70 
RL1 6.18 7.98 1.03 0.4218 0.125 
RL2 0.012 0.0006 19.48 0.0000 50.00 
RL3 0.0037 0.0007 5.43 0.0000 13.04 
RL4 0.0005 0.0002 2.35 0. 0155 6.17 
Rd1 0.0019 0.0007 2.78 0.0045 8.11 
Rd2 0. 0023 0.0007 3.44 0.0006 10.88 
Rd3 0.0011 0.0006 l.82 0.0674 3.94 

*The remainder of the variance component is due to error. 

·' 
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Table 9. Duncan's multiple range tests of location mean comparisons for 
27 variables of adult female Mononychellus spp. 

Variable mean 

Location Tr I Fm I Gn I Tb I Ts I TrII Fm II 

a,bc a c,a b,c b c,d,e a 
Burundi 30 .139 81.928 39.408 43.440 56.181 27.734 53.770 

a,b a a,b a,b a,b a,b a 
Cameroon 28.724 80 . 655 36.082 41.318 54.760 25 . 753 52. 779 

c b b,c b,c b d,e b 
Ghana 30.564 85 . 281 38.478 43.582 56 .175 27.946 56.604 

a a,b a c,d a,b e a,b 
Kenya 32.828 85.324 41.ll5 45.421 54.902 28.866 54.477 

a,b,c a a,b,c b,c b a,b,c a 
Nigeria 29.432 80.230 37.639 43.299 55.720 26.219 53.204 

a a a a b c,d,e a 
Rwanda 28.441 79.806 35.516 40.186 57.449 27.309 53.770 

a,b a b,c a,bc a a a 
Tanzania 28 . 874 80.230 38.205 43.016 52.213 25.328 52.638 

c b c,d d b d,e a,b 
Uganda 30.422 86.740 39.902 46.647 56.538 28.000 54.760 

a, a a,b a,b a,b a,b,c a,b 
Zambia 28.441 79.362 36 . 365 41.318 54.902 26.319 54.477 

b,c a a,b a,b,c a,b b,c a ,b 
Zanzibar 29.998 81.645 36.507 42.450 54.236 27.168 53.9ll 

Variable mean 

Location GnII Tb II Ts II Tr III Fm III Gn III Tb III 

c b b,c a,b,c a b b 
Burundi 33.535 31.979 47 . 402 27.026 52.779 31 . 201 38.063 

a,b,c a,b b,c a,b,c a,b b b 
Cameroon 32.969 31.413 46.836 26.885 54.477 30.988 37 . 497 

c a,b c b,c a,b b b 
Ghana 33.394 31.554 47.827 28.441 54.338 31.837 38.912 

d a,b b,c c a,b b b 
Kenya 35.587 31 . 554 45.280 28.724 54.831 32.615 39 . 337 

a,b,c a,b b,c a a b b 
Nigeria 32.828 30.847 47. 261. 26.036 53.628 32.836 38.913 

a a,b c a a,b a a 
Rwanda 31.130 30.988 47.827 26.177 56.600 29.290 34.234 

a,b,c a,b a,b,c a,b,c a b b 
Tanzania 32.262 41.413 44.855 27.309 53.062 31. 712 39.054 

a,b,c a,b b,c a b b b 
Uganda 33.102 31.625 46.624 26.036 57.732 31.696 39.045 

a,b, a a,b a,b a,b b b 
Zambia 31.413 29.998 44 . 572 26.602 54.619 31.288 37.639 

a,b,c a,b a a,b a,b b b 
Zanzibar 32.686 31.347 42 . 308 26.743 54.194 31.696 37 .639 
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Table 9. continued 

Location Ts III Tr IV Fm IV Gn IV Tb IV Ts IV RL1 

b,c b,c a,b a,b,c a a,b,c a 
Burundi 55.326 28.724 64.665 33.535 41.035 57.449 0.0880 

a,b,c a,b a a,b,c a,b c a 
Cameroon 54 .336 27.168 63.250 32.686 32.308 59.288 0.1328 

b,c b,c a,b c,d b c a 
Ghana 55.892 28.866 64.241 34. 384 43.299 59.152 0.1395 

b,c c a,b d a,b c a 
Kenya 56.034 29.290 64.108 35 . 516 42.379 59.825 0.1148 

c b,c a a,b a,b c a 
Nigeria 56.600 28.765 61.975 32.545 42.308 59.854 0.1402 

a,b a a b,c,d a a,b,c a 
Rwanda 53.628 26.743 61. 269 34.243 40.893 57 . 307 0.0940 

a a,b,c a,b b,c,d a,b a,b a 
Tanzania 53.062 27 . 792 63.958 33.818 41. 883 56.317 0.0909 

b,c a,b,c b b,c,d a,b b,c a 
Uganda 55.750 28.158 67 . 635 34 . 172 32 .308 59.005 0.1061 

a a,b,c a,b a a,b a,b,c a 
Zambia 51. 930 27.734 64.524 31.979 41. 742 57.166 0.0920 

a a,b,c a a,b,c a,b a a 
Zanzibar 52.355 28.300 62.684 32.828 42.025 56 . 034 0.1334 

Variable mean 

Location RL2 RL3 RL4 Rd1 Rd2 Rd3 

a a a,b,c a,b,c a a,b 
Burundi 0 .1077 0.1462 0.0931 0.2275 0.2150 0.2103 

d c,d a a a,b a,b 
Cameroon 0.1701 0.1776 0.0877 0.2099 0.2217 0.2066 

d c,d a,b b,c b,c b 
Ghana 0.1753 0.1800 0.0898 0.2299 0.2336 0.2239 

c c,d a,b,c a,b,c b,c b 
Kenya 0.1502 0. 1728 0. 0978 0.2284 0.2316 0.2191 

d d a,b a,b a a,b 
Nigeria 0.1721 0.1878 0.0895 0.2141 0.2198 0.2141 

b,c b,c a,b,c a , b a,b a,b 
Rwanda 0.1365 0.1638 0. 0960 0.2213 0.2221 0.2074 

b,c a,b a,b,c a a a,b 
Tanzania 0.1312 0.1525 0.0937 0.2105 0.2120 0.2071 

b , c c,d b,c a,b b,c b 
Uganda 0.1408 0.1732 0.0998 0.2209 0.2330 0.2207 

b b,c c c c a,b 
Zambia 0.1255 0.1650 0. 1034 0.2407 0. 2446 0.2091 

d a a,b,c a,b b,c a 
Zanzibar 0.1766 0.1844 0.0981 0.2222 0.2390 0.2008 

*Locations with the same letter (in each variable group) are 
not significantly different (P> 0.05). 
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location were low for all the variables except 

for RL2 (50%). The results of tbe location mean 

comparisons were conflicting for almoat all the 

variables but considering variable 22(RL2) alone 

which indicated the highest ratio in the ANOVA 

result, showed that group •an had only Burundi 

population, group "b" had Rwanda, Tanzania, 

Uganda and Zambia populations and in group ''c" 

Kenyan population was included with those in group 

"b", while group "d" had Cameroon, Ghana, Nigeria 

and Zanzibar populations. Thia result indicated 

certain geographical influence in the distribution 

of the OTUs but, the results of the other variabl s 

could not auf ficiently lead to reasonable inferences. 

This was because of the much intercorrelated nature 

of the variables. 
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4.1.2 Immature stages 

The 15 measured variables considered as 

possible diagnostic characters on each instar of 

Mononychellus spp. were also subjected to PCA. 

Heas~rements on the larval, protonymphal and deu

tonymphal stages are given in appendices 11-13 

respectively. 

Table 10 shows tho coef f icienta of correlation 

for the larval stage. Only a few of the variables 

were significantly intercorrelated. Variables 

P1, P2, D3 and o5 did not seem to be significantly 

correlated with any other variable. The normalised 

eigenvectors and percentage variance in Table 11 

are also of insignificant values. None of the values 

were higbly weighted and the percentage variance 

for the first 3 components accounted for only 53% 

of the total . The principal component plots for 

the first 3 components are shown in f i gs. 9, 10 

and 11. An indistinctive cluster pattern of the 

OTUs was also evident. 



Table 10. coefficients of corr elation half-matrix for 15 variables between 

larvae of Mononychellus spp . 

BL BW H P1 P2 P3 Dl D2 D3 D4 D5 L1 L2 L3 L4 
l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

* ** ** ** * 
BL l 1.000 0.354 0.419 0. 062 0.023 0.376 0.151 0.069 0. 202 0. 094 0.040 0.566 0.279 0.319 0.235 

* * * ** 
BW 2 1.000 -0.098 -0.284 0 . 271 -0 . 102 -0.132 -0 . 299 0.074 0.144 0.169 0.061 0.319 o. 611 0.251 

* ** ** ** ** 
H 3 1.000 0.265 -0.031 0.316 0.422 0.438 0.247 0.123 -0.252 0.551 0.245 0 . 075 0.377 

* 
I P1 4 l. 000 -0. 001 0.076 -0.082 0.207 0.206 0.256 -0.194 0 . 212 0. 335 -0.002 0.096 

* * 
0 P2 5 1 . 000 0. 155 0.117 0 . 107 0.098 -0.023 0.137 0.196 0.191 0. 349 0.355 
"° * ** 

I P3 5 1.000 0.192 0.324 0. 205 0.087 0. 036 0.559 0.278 0.015 0.185 
** ** 

D1 7 1.000 0.458 -0.009 -0.048 -0.230 0.367 -0.030 0.106 0.046 

D2 8 1.000 0. 207 0.108 -0.191 0.237 0.048 -0.068 0.200 
* ** 

D3 9 1 . 000 0.300 -0 . 039 0.134 0.426 0 . 258 0.228 
-l<* ** ** 

D4 10 l. 000 -0 .196 0 . 043 0.442 0.545 . 0.395 

D5 11 1.000 0.024 0.085 -0.048 0.052 
* 

L1 12 1.000 0.298 0.102 0.208 
** ** 

L2 13 1.000 0.612 0.409 
** r>0.363 (p<0.01) -ll-* 

L3 14 1.000 0.387 

L4 15 * r>0.281 (p<0.04) 1.000 



Table 11. Normalised eigenvectors (weightings) and percentage variance 
explained by the best 10 principal components for 
15 variables of larva of Mononychellus spp. 

Principal components 

Variable 1 2 3 4 5 6 7 8 9 10 
BL 0.312 0.004 0.302 0.210 -0.430 -0.003 0.050 -0.115 -0.121 -0.460 
BW 0.147 0.467 0.258 -0.139 -0 . 224 -0.017 -0.032 -0.178 -0.077 -0.202 
H 0.326 -0 . 313 0.009 -0.044 -0.185 -0.058 0.333 -0.319 0.027 0.284 
P1 0.164 -0.157 -0.431 0.334 0.094 -0.556 -0.149 -0.172 0.142 -0.241 
P2 0.173 0.163 0.226 -0.244 0.600 -0 .325 -0.279 -0 .113 -0 . 272 -0.033 
P3 0.272 -0.211 0.219 0.281 0.143 0.209 -0.160 0.549 -0 . 341 0.091 - D1 0.167 -0.320 0. 198 -0.506 -0.055 0.058 -0.190 0.029 0.453 0.182 -0 

I D2 0.201 -0.378 -0 . 085 -0.229 0.297 0.245 0.062 -0.120 0.121 -0.618 
D3 0.259 0.044 -0.236 0. 175 0.108 0.603 - 0.300 -0.492 -0.158 0.125 
D4 0.254 0.172 -0 . 448 -0.088 -0.091 0.111 0.155 0.489 0.054 -0.133 
D5 0.049 0.215 0.351 0.404 0.363 0.181 0.247 -0.008 0.583 -0.110 
L1 0.336 -0.214 0.314 o. 202 -0.101 -0.246 -0.101 0.085 0.035 0.144 
12 0.362 0.223 -0.164 0.199 0.049 -0.030 -0.164 0.056 0 . 321 0.304 
13 0.308 0. 389 -0. 065 -0.282 -0.121 -0.028 -0 .193 0.115 0.173 -0.053 
14 0.320 0.136 -0.041 -0.132 0.267 -0.060 0. 686 -0.055 -0.214 0.151 

Percentage 25.48 16.48 11.21 8.44 7.64 5.45 5.05 4.70 4.11 3.11 
variance 
Cornrnulative 25 .48 41.95 53.16 61.60 69.24 74.69 79.74 84.44 88.44 91.66 
% variance 
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The coefficients of correlation matrix for 

the protonymphal stage is shown in Table 12. 

The situation was not different from that of the 

larval stage. Variables P1, L2 and o4 had no 

significant correlation with other variables. 

Table 13 gives the values of the eigenvectors and 

the percentage variance. The first 3 components 

accounted for 59% of the total variance. In com

ponents 4 and 7, variables o4 and P1 showed high 

positive and negative weightings respectively. 

The percentages accounting for these weightings 

were however very low. Principal components plots 

of the OTU$ for the first 3 components ore given 

in figs. 12, 13 and 14. Figures 12 and 14 had a 

similar pattern of cluster, showing an elongated 

clust r along the direction of possibly the main 

axi& constit~ting the highest variance. 

Table 14 gives the coefficients of correlation 

of variables between the deuton)mphs. High signi

ficant intercorrelation of almost all the variables 

was again evident. 



Table 12. coefficients of correlation half-matrix for 15 variables between 

protonyrnphs of Mononichellus spp. 

BL BW H P1 P2 P3 D1 D2 D3 D4 D5 L1 L2 L3 L4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
** * * ** ** ** ** ** BL 1 1.000 0. 544 0.285 0. 209 0.350 -0 .050 0.547 0.433 0.400 0 .139 0.430 0.366 0.008 -0.013 -0.032 

* * ** BN 2 1.000 -0.078 0.106 0.312 0.027 0.302 0.186 0.186 0.133 0.382 0.274 -0.137 -0.140 -0.150 
* ** 

H 3 1.000 0.218 0.011 0.203 0.130 0.089 0. 091 0.025 0.283 0.408 0.160 0.159 0.141 
* * 

P1 4 1.000 0.077 0.305 0.133 -0.032 0.248 0.009 0.319 0.213 0.123 0. 123 0.109 
** ** * * ** 

P2 5 1. 000 0. 087 0.475 0.472 0.350 0.227 0.281 0.394 0.073 0.074 0.066 
* 

P3 6 1.000 0.032 -0.182 · 0.021 0.009 0.310 0.215 0. 228 0.227 0.239 
-0 ** ** ** ** 
-0 D1 7 1.000 0.594 0.647 -0.084 0.364 0.377 0.077 0.051 0.044 

** ** 
D2 8 1.000 0.581 -0.043 0.229 0.434 -0.068 -0.098 -0 .102 

** 
D3 9 1.000 -0.105 0.247 0.357 0.024 -0 . 009 -0.040 

D4 10 1.000 -0 . 044 0.243 0.139 0.149 0. 105 
** 

D5 11 1.000 0.387 -0.123 -0.121 -0.122 

L1 12 ** r>0.363 (p<0.01) 
1,000 0.135 0.113 0.075 

** ** 
L2 13 1.000 0.996 0.990 

** 
L3 14 * r>0 . 281 (p<0.05) 1.000 0.991 

L4 15 1.000 



Table 13. Normalised eigenvectors (weightings) and percentage variance 
explained by the best 10 principal components for 15 variables 
of Protonyrnph of Mononychellus spp. 

Principal components 

Variable 1 2 3 4 5 6 7 8 9 10 
BL 0.375 -0.066 -0.010 0.150 -0.032 -0.515 -0 . 045 -0.077 -0.302 -0.088 
BW 0.258 -0.138 0.061 0.397 -0.436 -0.321 0.163 0.336 0.199 -0.284 
H 0.175 0.126 0.340 -0.150 0.641 -0.290 0.110 -0. 150 -0.170 -0.313 
P1 0.176 0.098 0.421 -0.157 -0.218 -0.005 -0.733 -0.195 0.261 -0.109 
P2 0.323 -0.001 -0.190 0.232 -0.088 0.440 0.107 -0.590 0.073 -0.418 
P3 0.092 0.195 0.488 -0.070 -0.208 0.469 0.274 0.263 -0.393 -0.161 
D1 0.393 -0.036 -0.216 -0.212 -0.112 -0.006 0.055 -0.016 -0.359 0.079 
D2 0.338 -0.125 -0.358 -0 .157 0.201 0.122 0.039 0.001 0.216 0.119 

" D3 0.346 - 0.059 -0.190 -0.340 -0.063 0.143 -0.320 0.338 -0.227 0.076 
-0 

D4 0.059 0.099 -0 . 007 o. 714 0.248 0.178 -0.354 0.039 -0.339 0.318 
D5 0.308 -0.085 0.390 -0.023 -0.136 -0.049 0.304 -0.314 0.143 0.682 
L1 0.351 0.057 0. 123 0.132 0.381 0.203 0.062 0.432 0.490 -0.014 
L2 0.062 0.538 -0.137 -0.012 -0.062 -0.090 0. 025 0.034 0.054 0.057 
L3 0.050 0.541 -0.125 0.003 -0.068 -0.088 0.032 -0.007 0.063 0.055 
L4 0.038 0.539 -0.125 -0.017 -0.095 -0.087 0.072 -0.041 0. 065 0.046 

Percentage 26.29 21.58 10.68 8.64 6.87 5.89 5.11 3.44 3.20 2.75 
variance 
Cornrnulative 26.29 47.87 58.55 67 . 19 74.06 79.95 85.06 88.50 91. 70 94.45 
% variance 
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Table 14. coeff icents of correlation half-matrix for 15 variables between 

deutonymphs of Mononychellus spp. 

BL BW H P1 P2 P3 D1 D2 D3 D4 D5 L1 L2 L3 L4 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

** ** * ** ** ** ** ** ** ** ** ** 
BL 1 1.000 0.786 0.416 0.335 0.576 0.529 0.220 0.489 0.236 0.657 0. 400 0. 584 0.630 0.696 o. 770 

** ** ** ** ** ** ** ** ** ** ** ** BW 2 1.000 0.416 0.364 0.636 0.540 0.404 0.520 0.214 0.580 0.447 0.572 0.434 0.594 o. 711 
* ** ** ** * ** * ** ** ** ** 

H 3 1.000 0.334 0.534 0.647 0.236 0 . 382 0 . 286 0.500 0.290 0.555 0.584 0.580 0.438 
* ** ** ** ** ** 

P1 4 1.000 0.320 0.549 0 .082 0.259 -0 . 072 0.429 0.250 0 . 433 0.134 0.365 0.504 
** ** ** ** ** ** ** *"* ** - P2 5 1.000 0.506 0.552 0.748 0.394 0.521 0.260 0. 651 0.581 0.604 0.603 ,..... ** ** ** ** ** ** 

P3 6 1.000 0.222 0.403 0. 253 0.598 0.267 0.633 0.393 0.569 0. 503 
** ** ** ** * 

D1 7 1.000 0.678 0.552 0.065 0.399 0.431 0.324 0.247 0.198 
** * ** ** ** ** 

D2 8 1.000 0.660 0.285 0.266 0 . 611 0.549 0.391 0.441 
** ** 

D3 9 1.000 0.039 0.032 0.501 0.486 0.220 0.136 
** ** ** ** D4 10 1.000 0.264 0.605 0.490 0.741 0.761 
* * ** D5 11 1.000 0.310 0.142 0.309 0.492 

** ** ** L1 12 1.000 0.636 0 . 683 0 . 513 
** ** 

L2 13 1.000 0.645 0.474 ** r>0.363 (p<0 . 01) ** 
L3 14 1.000 0.680 

* r>0.281 (p<0.05) 
L4 15 1.000 
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The eigenvectors in Table 15 did not show any 

index of variation despite the moderately high 

percentage variance of the first 3 components which 

accoun ed for 71% of the total variance. The plotted 

principal components scores in figs. 15, 16 and 17 

also showed clustering of the OTUso In the three 

instars, particularly the protonymph and deutonymph, 

it was noted that, the Mombasa population showed 

a partial separation from the entire cluster. This 

was clearly illustrated in figs. 12 and 13 for 

protonymph and figs. 15 and 16 for deutonymph. 

Table 16 shows the mean lengths of all the 

variabl s and the ranges of measur ments. The 

progressive increase in body lengths and widths 

from larva t deutonymph was evident. Table 17 

indicates the comparison of the mean lengths of 

the dorsal idiosomal aetae in the instars. The 

least significant difference (LSD) test indicated 

that the humeral setae (H) increased progressively 

in all the instars. There was no significant 

difference in P1-P3 in the larva and protonymph 



Table 15. Normalised eigenvectors (weightings) and percentage variance 
explained by the best 10 principal components for 15 variables of 
deutonymph of Mononlchellus spp. 

Principal components 

Variable l 2 3 4 5 6 7 8 9 10 
BL 0.298 0.138 0.046 -0 . 370 -0.126 0.264 -0.195 0.225 -0.251 0.010 
BW 0.291 0.079 0.254 -0.190 -0.176 0.004 -0.512 -0.046 -0.307 -0 . 046 
H 0.252 0.034 - 0.268 0.265 0.561 -0.310 0 .188 0.319 -0.075 -0.056 
P1 0.182 0.293 0.129 0.602 -0.346 0.103 0.365 0.278 -0.205 -0.201 
P2 0. 298 -0.152 0.015 -0.004 -0.216 -0.597 -0.032 -0.000 0.099 0.293 
P3 0. 267 0. 139 -0.136 0.439 0.079 0.184 -0 . 508 -0.147 0.039 -0.029 
D1 0. 182 -0 . 458 0.365 0.110 0.057 -0.224 0.070 -0.317 -0.165 -0.442 

I D2 0. 262 -0.379 0.101 0.071 -0.279 -0.075 0.038 0.246 0. 153 0.235 
(") D3 0.162 -0.527 -0.177 0.029 -0 . 014 0.509 -0.055 0.050 0.368 -0.225 

" D4 0.273 0. 317 -0.151 -0.123 -0.057 -0.061 0.103 -0.369 0.426 0.059 
I D5 0.170 0.073 0.643 -0 . 022 0 . 564 0.187 0.178 0.061 0.080 0 . 241 

L1 0.305 -0.085 -0 . 142 0.157 -0.002 0 . 273 0.236 -0.395 -0.206 0.539 
12 0.266 -0.145 -0.365 -0.272 0.167 0.010 0.296 0.335 -0.343 -0 . 006 
13 0.298 0.151 -0.179 - 0.165 0 . 122 -0.072 0.249 -0.351 -0.143 -0.416 
14 0.292 0.241 0 .171 - 0.203 -0 . 143 0.022 0.123 0.227 0.479 -0 . 203 

Percentage 50 .03 13.29 7.86 6.35 4.74 3.24 3.01 2.73 2.19 1.64 
variance 
Commulative 50.03 63.32 71.18 77 . 53 82.27 85.51 88.52 91.25 93.44 95.08 
% variance 
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Fig. 15. First and second principal components plots for 15 

variables of deutonymph of Mononychellus spp . 

(00) Mbita Point Field Station; ( 0) Rusinga 

Island; ( 6.,6. ) Mombasa; (AA ) Homa-Bay; 

( ) Embu. PC =principal component. 
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variables of deutonymph of Mononychellus spp. 
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Fig. 17. Second and third principal components plots for 

15 variables of deutonymph of Mononychellus spp. 

(00) Mbita Point Field Station; (0 ) Rusinga Island; 
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PC= principal component. 
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Table 16. Measurements of body length, body width and dorsal 
idiosomal body setae of irrrrnature stages of Mononychellus 
spp. 

variable Mean lengths/(Range)(urn) 

Larva Protonymph Deutonyrnph 

Body length 129.81 174. 72 229.08 
( 101. 88-155. 65) (135.84-217.91) (166.97-311.30) 

Body width 115. 84 146 . 65 180.77 
( 90. 22-141. 50) (130 .18-172.63) (101.88-226.40) 

Humeral (H) 30 .39 33.34 39.93 
setae (22.64-39-62) (25.47-42.45) ( 31.13-50. 94) 

Prodorsurnal (P1) 35 . 88 35.04 39.42 
setae (25.47-48.11) 31.13-42.45 (31.13-50.94) 

n (P2) 42.20 43.93 47.60 
(31.13-50.94) (31-13-56.60) (31.13-70.75) 

n (P3) 37.30 36.91 43.24 
(25.47-53. 77 ) ( 31.13-53. 77) (28 . 30-56.60) 

Dorso-central (D1) 31.41 26.94 26. 26 
setae (22.64-42.45) (16.98-36-79) (19. 81-36.79) 

n (D2) 33.96 29 .03 28.87 
(25.47-42.45 (19.81-36 .79) (19.81-45.28 

n (D3) 38.66 35.04 35 . 35 
(28.30-50.94) (19.81-48.11) (22.64-50.94) 

n (D4) 34.36 41.29 50.60 
(19.81-42.45) 28 . 30--52. 36) (39.62-62.26) 

n (D5) 11.35 14.61 21.79 
(08.49-19 . 81 (09.91-22.64) ( 14 .15-31.13) 

Dorso-lateral (11) 36.39 39.48 41.46 
Setae (22.64-42.45) (22.64-50.94) (22 . 64-56.60) 

n (L2) 40.38 47.35 51 . 09 
( 31.13-48 .11) (22.64-58 .02) (36 . 79-70.75) 

n (L3) 39.08 46 . 95 55 .78 
(25.47-48 . 11) (14.15-56 . 60) (33.96-70 .75) 

n (L4) 16.30 22.36 27 . 71 
(05 . 66-25.47) (14.15-33.96) (19.81-33.96) 
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Table 17. Analysis of variance (ANOVA) and least 
significant difference (LSD) tests of irrunature 
stages of Mononychellus spp. 

Mxll1 ~ares 

s:urre of dE H PJ. P2 P3 
variarre 

** ** ** ** * *' ** ** 
OOil\R 2 1192.55 325.91 380.66 6:lJ.OO 391.92 413.35 2)2.17 

mm 147 21.57 21.49 61.26 :lJ.21 25.01 24.62 44.84 

= :lJ.~ 35.~ 42.~ 37.?ffa 31.4la 33.9~ 38.6@ 

mJrrNiMffi 33.34b 35.04a 43.9Y 36.9la 26.9P 29.ocP 35.04b 

IEJICNYMffi 39.9JC 39.8P 47.fJP 43.24b 26.2fF 28.8P 35.JSb 

rm (5%) 1.82 1.82 3.07 2.15 1.96 1.94 2.62 

S'.llrre of dE D4 D.s L1 L2 L3 4 
variarre 

** **' ** ** ** ** 
IN3JAR 2 3319.49 1425.02 326.55 1476.08 3488.70 1627.90 

mm 147 40.35 14.ll 51.29 47.03 36.72 15.35 

I.NNA 34.~ ll.JS'i 36.W 40.W 39.00l 16.?ffa 

froICNYMEH 41.29'J 14.&P 39.48:> 47.YP 46.9P 22.JfP 

IEJICNYMffi r:IJ.f:JF 21. 7cp 41.4fF 51.00C 55.7fF 27,71c 

Iill{5%) 2.49 1.47 2.81 2.69 2.37 1.54 

*" Sigrificant (P (0.01) r MEE with tie safe letter (within tie scrn= variable) 
are mt sigrificantly different (P):0.05) 
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and was longest in deutonymph. o1, o2 and o3 were 

l ongest in the larval stage and o4 and o5 were longest 

in t he deutonymph. L
1 

was shortest in the larva 

hile L2, L3 and L4 were longest in the deutonymph. 

4.2 Setal scores 

Changes during setal ontogeny involve changes 

in number, length, shape and position of the setae. 

Changes in leng h (measurements) have been treated 

earlier in 4.1. In this soction, the remaining 

parameters were considered. It should be noted 

that in interpreting those changes, it was assummed 

that once a seta appeared it was always retained 

in the subsequent instars. The body setae under 

e amination were classified as dorsal idiosomal, 

ventral idiosomal and setae on the leg segments. 

Using Pritchard and Baker (1955) notation, dorsal 

idiosomal aetae comprise the prodoraumal and 

opisthosomal setae while opisthosomal is further 

dif f rentiated as humeral, central and lateral setae. 
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4.2.1 Dorsal idiosomal setae 

In the lcrval stage, 3 pairs of prodorsumal 

setae P
1
,P

2 
and P3 were observed. These were 

observed without addition or reduction through 

the protonymph, deutonymph to adult stage. The 

opisthosomal dorsum showed 10 pairs of setae in 

the larva and again all through the life stages. 

These comprised a pair of humeral (H), 5 pairs 

of dorso-central {D1-o5) and 4 pairs of dorso

lateral {L1-L4) setae. Figures 18-21 illustrate 

their position, shape and the total number of 13 

pairs. All the setae on this striated cuticle 

appeared similar in length , except the L4 and o5 

series which were shorter and shortest respectively 

all through the stages. from larva to deutonymph, 

setae L1 - L4 and o1 - o5 were either longer or 

as long as the distances between their bases. In 

the adult, the above mentioned setae were shorter 

than the distances between their bases. All the 

setae were similar in shape showing serrations and 

non-tapered ends. 
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Fig . 18 . Dorso-ventral aspect of larva of Mononychellus spp. showing 

idiosomal body setne. Pl-3=Prodorsumal setae; H =Humeral 

seta; Dl-5 = Dorso-central setae; Ll- 4 = Dorso-lateral setae; 

MVl-2 · = Midventral setae; Al-2=Anal setae; PRAl-.2 =Para-anal 

setae. 
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Fig. 19. Dorso-ventral aspect of protonymph of Mononychellus spp. 

showing idiosomal body setae. Pl-3=Prodorsumal setae; 

H= Humeral seta; Dl-5=Dorso-central setae; Ll-4= Dorso

latera.1 setae; l\lVl-2::Mid-v:entr~l setae; PRG:-·= Pre--ge:tiitBI 

Al-2=Anal setae; PBA1-.2:=Para-'anal setae. 
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Fig. 20. Dorso-ventral aspect of deutonymph of Mononychellus spp. 

showing idiosomal body setae. 

Pl-3= Prodorsumal setae; H = Humeral seta; , D1~5 = 
Dorso-central setae; Ll-4 = Dorso-lateral setae; MVl-2= 

Midventral setae; PRG = Pre-genital seta; Gl= Genital seta; 

Al-2 = Anal setae; PRAl-2 = Para-anal setae. 
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Fig, 21. Dorso-ventral aspect of adult female, of Mononychellus spp. 

showing idiosomal body setae. Pl-3 = Prodorsumal setae; 

H = Humeral seta; Dl-5= Dprso-central setae; Ll-4=Dorso-lateral 

setae; PtlVl-3= Mid-ventral setae; PRG = Pregenital seta; Gl-2= 

Genital setae; Al-2= Anal setae; PRAl-2= Para-anal setae . 
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Ventrol idiosomol ~•tae 

Ventrol idioaomal aetae are distributed within 

the prodorau•al and opiathoaomal ventral portions. 

In the larva, 2 pairs of aetae, often referred to 

as •id-ventral aetae Hv1 and Hv2 were observed 

(fig. 18). i>rotonymph retained this number (fig. 19), 

but in the deutonymph a third pair (Hv3) was added 

(fig. 20). The deutouyrnphal nu•ber· was retained 

in the adult stage (fig. 21). In the opiathoaomal 

venter, 2 pairs of anal :.w ae (A1 and A2) appeared 

. around the anal opening in the larva, and alao 2 

pairs of para-anal aetae (PaA1 and PaA2) (fig. 18). 

Tbeae nu•bera were retained in tbe .protonymph with 

the addition of a pair of pregenital aetae (PrG) 

(fig. 19). In the deutonymph a pair of genital 

aetae (G
1

) was added to the protony•phal number 

(fig. 20). At adult stage, a second pair of genital 

aetae (G2) was observed. A summary of the total 

number of ventral idioaomal setae for the inatara 

ia given in Table 18. Unlike the dorsal aetae, the 

ventral aetae were all abort, s•ooth, slender and 

aetifor• on memberanoua cuticle. 



Table 18. Ontogeny of the ventral idiosomal body setae of Mononychellus spp. 

I NSTAR MV1 MV2 Mv3 PrG G1 G2 A1 A2 PaA1 PaA2 TOI'AL 

Larva + + - - - - + + + + 6 pairs 

I Protonyrcph + + - + - - + + + + 7 " 

"'° ao Deutonyrcph + + + + - + + + + 9 " .,. 
I 

Adult + + + + + + + + + + 10 " 

- = absence; + = presence. 
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Leg ••aments 

In all active instara of Mononychellua •PP• 

each leg had 5 articulating segments namely& 

trochanter, femur, genu, tibia, and taraua. The 

trochanter attached basally to a coxisternal plate 

vhich vaa delimited laterally but not medially 

from tbe rest of the prodorsumal surface. 

Coxisternal plate 

In the larva, only a ~~ir of setae appeared 

.on plate 1, none on plates 11 and 111 and plate 

lV waa absent (fig. 22). In the protonymph, 

vith the larval setae retained a pair was added 

to plate 1, bringing the number to 2 pairs and 

a pair each on plates 11 and 111. There waa none 

on plate lV (fig. 23). To the protonymphal 

number, a p~ir each vaa added to plates 11 and 

lV in the deutonymph (figs. 24 and 25). The 

deutonymphal expreaaion was retained in the adult 

stage (fig. 26 and 27). Table 19 givea the summary 

of numbers. 
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ex li 
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Fig. 22. The setation of legs I - III of larva of Mononychellus spp. 

Cx=Coxisternal plate; Tr=Trochanter; Fm=Femur; Gn=Genu; 

Tb=Tibia; Ts=Tarsus . (o) tactile setae; (•) sensory seta; 

(at duplex setae. 
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LEG I 
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LEG 11 
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32µm 

Fig. 23. The setation of Legs I - IV !Jf protonymph of Mononychellus spp. 

Cx=Coxisternal plate; Tr=Trochanter; Fm=Femur; Gn=Genu; 

Tb=Tibia; Ts=Tarsus; (o) tactile setae; (•) sensory setae; 

(c.-) duplex setae. 
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Fig. 24. The setation of Legs I and II of deutonymph of Mononychellus spp . 

Cx=Coxisternal plate; Tr=Trochanter; Fm=Femur; Gn=Genu; 

Tb=Tibia; Ts=Tarsus; (o) tactile setae ; (•) sensory setae; 

(09) duple~ setae . 
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r 
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Tb Ts 

LEG 111 

Tr Fm Gn 
b 

Ts 

0 

LEG IV 

32µm x5,000 

Fig. 25. The setation of Legs III and IV of deutonymph of 

Mononychellus spp. Cx=Coxisternal plate; Tr=Trochanter; 

Fm=Femur; Gn=Genu; Tb=Tibia; Ts=Tarsus; (o) tactile setae 

(•) sensory setae. 



N 
~ 
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LEG 11 
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x5,000 

Fig. 26. The setation of Legs I and II of adult female; Mononychellus spp. Cx=Coxisternal plate; 

Tr=Trochanter; Fm=Femur; Gn=Genu; Tb=Tibia; Ts=Tarsus; (o) tactile setae; (•) sensory setae; 

(~) duplex setae. 
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c T.r Fm Gn 

Ts 

LEG 111 

Gn T.b Ts 

LEG IV . 
x5,000 

.32µm 

Fig. 27 . The setation of Legs III and IV of adult female, Mononychellus 

spp. Cx=Coxiste~nal plate; Tr=Troc~anter; Fm=Femur; Gn=Genu; 

Tb=Tibia; Ts=Tarsus; (o) tactile setae; (•) sensory setae. 



Table 19. Ontogeny of setae on coxisternal plate of 

Mononychellus spp. 

!NSTAR Leg 1 

Larva 1 

Protonyrnph 2 

Deutonymph 2 

Adult + 2 

Leg II 

0 

1 

2 

2 

Leg III 

0 

1 

1 

1 

Leg IV 

x 

0 

1 

1 

0 = seta absent; x = leg not in existence. 

Table 20. Ontogeny of setae on trochanter segment 

of Mononychellus spp. 

!NSTAR Leg I 

Larva O 

Protonymph 0 

Deutonyrnph 1 

Adult 1 

Leg II 

0 

0 

l 

l 

Leg III 

0 

0 

l 

l 

Leg IV 

x 

0 

0 

l 

O = seta absence; x = leg not in existence. 
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Trochanter segment 

The 1etation on thi1 segment was the simplest. 

No aetae were observed on all the legs of both 

larva and protony•ph (fig. 22 and 23). In the 

deutony•pb, a pair each appeared on legs 1-111 none 

on leg lV (figs. 24 and 25). The adult stage bad 

the appearance of a pair on leg lV in addition to 

the deutonymphal numbdrs {fig. 26 and 27). Table 

20 gives the nu•bers of setae on this segment. = 

Fe•ur segment 

In the larva, 3 pairs of aetae appeared on 

leg 11 3 pairs on leg 11 and 2 pairs on leg 111. 

The protonymph had a pair on leg lV (figs. 22 and 

23). In the deutony•ph, 3 more pairs were added 

to leg 1 only. The rest re•ained unchanged (figs. 

24 and 25). · At adult stage, there were additions 

all through the legs as follows, 4 pairs on leg 1, 

4 paira on leg 11, 2 pair• on leg 111 and 2 pair• 

on leg lV. Th••• brought the numbers to 10-7-4-3 

(figs. 26 and 27). Table , 21 show• the 1u1111ary of 

fe•oral aetation. 
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Table 21. Ontogeny of setae on femur segment 

of Mononychellus spp. 

!NSTAR Leg I 

Larva 3 

Protonymph 3 

Deutonyrnph 6 

Adult + 10 

Leg II Leg III 

3 2 

3 2 

3 2 

7 4 

x = leg not in existence. 

Leg IV 

x 

1 

1 

3 

Table 22. Ontogeny of setae on genu segment 

of Mononychellus spp. 

!NSTAR Leg I 

Larva 4 

Protonyrnph 4 

Deutonyrnph 5 

Adult + 5 

Leg II 

4 

4 

5 

5 

Leg III 

2 

2 

2 

4 

x = leg not in existence 

Leg IV 

x 

1 

l 

3 
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Genu segment 

The genual aetal develop•ent in the larva 

waa the appearance of 4 paira of aetae on leg 

1, 4 pairs on leg 11 and 2 pairs on leg 111 

(fig. 22). The protonymph had an additional paiJ 

of aetae on leg lV (fig. 23). In the deutonymph 

one aet each waa added to lega 1 and 11, none on 

lega 111 and lV. The number ·waa then increased to 

5-5-2-1. In the adult ata?• additions were only 

on legs 111 and lV (figs. 26 and 27), and the 

nu•ber increaaed to 5-5-4-2. A summary of the aetal 

nu•bera on thia aegment ia given in Table 22. 

Tibial segment 

Ia the larval and protony•phal atagea, tibial 

aetation on legs 1-lV were given aa 5(+1 aenaory) 

-5-5-5 (figs. 22 and 23). In the deutonymph, changes 

were only on leg 1 with the addition of 2 pairs 

of aetae (figs. 24 and 25). There w•• addition 

of aetae all through the legs in the adult. 
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Th••• brought t he number to 9(+1 aenaory)-7-6-6 

(figa. 26 and 27). Ontogenetic changes in thia 

segment are summarized in Table 23. 

Tarsal ••g••nt 

Larval aetation in t hia segment vaa 7(+1 

duplex)-7(+1 duplex)-6 (fig. 22). Protonymph had 

9(+2 duplex)-9(+1 duplex)-8-6 (fig. 23). In the 

deutonymph, there wer-., 1:Nldi tiona of both tactile 

and aenaory aetae all through the lega; the numbers 

then became 11(+1a+2 duplenea)-10(+1d)-8(+1a)-8. 

Adult expreaaion waa also increased to 14(+1a+2d) .. 
-12(+1a+ld)-10(+1a)-10(+1a). full taraal notation 

for th• whole inatara ia given in Table 24. It 

waa noted that, in thia segment, the additions of 

aetae were from the diatal to the proxi•al end of 

the body. 

' 
Th• full comple•enta of aetal formulae for 

the lega of all the life stages are given in 

Tablea 25-28. 
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Table 23. Ontogeny of setae on tibial segment 

of Mononychellus spp. 

I NSTAR 

Larva 

Protonymph 

Deutonymph 

Adult + 

Table 24 . 

I NSTAR 

Larva 

Protol11Iph 

Deutonymph 

Adult + 

Leg 1 Leg II Leg III Leg IV 

St+ ls 5 5 x 

St+ ls 5 5 5 

7t+ls 5 5 5 

9t+ls 7 6 6 

x = leg not in existence; t = tactile setae; 

s = sensory seta. 

Ontogeny of setae on tarsal segment of 

Mononychellus spp. 

Leg I Leg II Leg III Leg IV 

7t+ld 7t+ld 6 x 

9t+2d 9t+ld 8 6 

llt+ls+2d lOt+ld 8t+ls 8 

14t+ls+2d 12t+ls+ld lOt+ls lOt+ls 

(St+ls)* (3t+ls)* (2t+ls)* (2t+ls)* 

t = tactile setae; s = sensory setae 

d = duplex setae; x = leg not in existence . 

* = proximal setae 
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Table 25. 

LEG ex 

1 1 

II 0 

III 0 
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Leg chaetotaxy i n l arva of 

Mononychellus spp. 

Tr Fm Gn 'lb 

0 3 4 St+ ls 

0 3 4 5 

0 2 2 5 

TS 

7t+ld 

7t+ld 

6 

t = tactile setae; s = sensory seta; 

d = duplex setae; o = seta absent. 

Table 26. Leg chaetotaxy in protonymph of 

Mononychellus spp. 
3 

LEG ex Tr Fm Gn Tb Ts 

1 2 0 3 4 St+ ls 9t+2d 

II I 0 3 4 5 9t+ld 

III 1 0 2 2 5 8 

IV 0 0 1 1 5 6 

t = tactile setae; s = sensory seta; 

d = duplex set ae ; o = seta absent. 



Table 27. 

LEG 

1 

II 

III 

IV 
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Leg chaetotaxy in deutonymph of 

Mononychellus spp. 

ex Tr Fm Gn Tb 

2 1 6 5 7ts+ls 

2 l 3 5 5 

1 l 2 2 5 

1 0 l 1 5 

Ts 

llt+ls+2d 

lOt+ld 

8t+ls 

8 

t = tactile S·':'~ae; s = sensory setae; 

d = duplex setae; o =. seta absent. 

Table 28. Leg chaetotaxy in adult female 

Mononychellus spp. 

LEG ex Tr Fm Gn Tb Ts 
l 2 l 10 5 9t+ls 14t+ls+ 2d 

II 2 l 7 5 7 12t+ls+ld 

III 1 l 4 4 6 lOt+ls 

IV l l 3 3 6 lOt+ls 

t = tactile setae; s = sensory setae 

d = duplex setae; 

.. 
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5. 0 I S C U S S I 0 N 

In thia atudy, the character• aaaeaaed were 

found to be intercorrelated. Such character• 

uaually offer little or no information for possible 

distinction of species types but could be used in 

defining the genua. Thia waa expl ained by 

Pankhurst (1978) stating that, character• that 

vary within apeciea and who se atatea overlap, are 

of very little use for distinguishing taxa. 

Rohlf (1967) on the other ~ ; nd, atated that chara-

ctera that show wide variation within an OTU are 
. 

considered as moat important for making distinction 

between apeciea. In the present work, although 

soae characters varied, the variation waa not 

large enough within the OTUa to enable species 

distinction. Usually f roa PCA computation, such 

highly varied characters come out with high 

weightings and bigb percentage variances of about 

8~ in the f irat two components. Thia was 

illustrated in the atudiea of winged aphids by 

Jeffera (1967) where a percentage variance of 

over 80% in tbe f irat tvo component• waa used 
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to separate the ape~iea into four groups. Similarly, 

Bagine (1986) separated tvo groups of the termite 

genua Odontoter••s into distinct apecies. In his 

study, the first tvo components accounted for about 

86% and 96% respectively in the group• considered. 

Unlike the studies aentioned above, the lov per

centage variances of 42~, 48%, 63% and (27% and 

49%) for the larva, pr~tonymph, deutonymph and 

adult respectively in the first two components 

recorded in thia inveatig 7t ~ on ver• not effective 

in establishing •ore than a single taxon. The 

high intercorrelation between the variables and 

the lov percentage variances in all the inatars 

suggested that, the characters aaaeased are per-

haps under the influence of a fev similar genetic 

factors. Furthermore, those highly correlated 

characters indicated a proportional increase or 

decrease in the dimensions of the various leg 

aeg•ents in relation to the size of the body. 

For further investigation, perhapa only a fev 

of the correlated character• such as Trl, Jal, 
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TrII, TbII, Tall, and TrIII in the adult could 

be useful. Also, the uncorrel ated characters 

such as the ratios, particularly RL2 in the 

adult, P1, P2, o3 and o5 in the larva, and P
1
, 

L2 and o4 in the protony•ph vould however be 

preferred in defining the morphological variations 

i n the species. 

The patterns exhibi t ed by the OTUa in the 

scatter plots indicated single clusters of the 

OTUa for different inatara. The Hombaaa popula

tion shoved aggregation at one end of the ellipso

idal cluster in the protony•ph and deutonymph. 

Such undifferentiated clustering of OTUa aa observed 

here vaa expected because as Rohlf (1967) explained, 

such groupings are expected of intercorrelated 

characters in PCA. The position of the Hombaaa 

population in the scat t er plots aa observed in 

this study corresponds with pr evious atudiea of 

this nature. For example Rohlf (1967) noted that, 

species that are usually found at the enda of auch 

elongated cluatera are phenotypically distant from 

the populations in the centre of the cluster. Thia 
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conf irma the f i~cUng.s t hat tit• Mombasa population . 

has •ainly the long aetaed for• of th• Hononychellua 

co•pared to other locationa in Kenya having mainly 

the ahort form (Rogo, 1986; unpublished •anuacript). 

It ahould be noted that Hoabaaa, by virtue of ita 

geographical location, ia known to experience an 

equatorial type of climate aa do moat countries in 

Weat Africa where nearly all of the CGH specimen• 

are known to be long aetaed (Rogo, pera. comm.). 

Factor analysis was no t tried in this inves

tigation because, it would not have given different 

results fro• the PCA since both work on the same 

principle. Alao, diacriminant function which 

assumes prior groupings and aeeka the pattern of 

variation and correlation between groups vaa not 

used because, the vari ables aaaeased in this study 

could not est~bliah groups in the PCA. The result 

of cluster analysis which is a ••asure of similarity 

and dissiailarity among OTUs vaa aa expected of 

aucb intercorrelated characters. The si•ilarities 
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exhibited by OTU& in this at~dy agree with the 

general behaviour of OTUs in cluster analysis, 

aa explained by Sneath aad Sokal (1973) who 

reported that an OTU in a cluster has equal 

si•ilarity to the cluster and to its closest •••b•r 

within the cluster. The OTUs exaained in this 

study have however shown close similarity to each 

other and have indicatnd only a single taxon of 

the data set at all levels ot similarity. A 

phenogra• which usually ~;v~s a more explicit 

illustration of phenetic relationships in studies 
.. 

of this .form could not be constructed for the 200 

OTUs that appeared to be the same. Such a phenogram 

would only have indicated a branch, consisting of 

all the OTUs which would not be a significant 

infor•ation for possible species distinction but 

would rather, emphasis• the cloaeneas within the 

specimens. Thia however, goes futher to infer 

that one ia apparently dealing with the same species. 

It baa been explained by Davia (1973) that 

the relative ef fectiven••• of •eans of variables 
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could be of significance in characterizing apeci•en 

typ••• The trial vith analyaia of variance (ANOVA) 

which investigated the variable meana, did not show 

consistency in indicating populations that were 

closest together. The variabilities of aetal 

lengths and body sizes in the specimen as included 

in this exercise might explain these obaervationa. 

The ••an lengths of · tho S·t t ae in the immature• also 

indicated that, they were not totally directly 

proportional to the progressive increaaea in body 

sizes. Variations in auch character stat•• aa noted 

in this investigation ia co .. on in the atudy of 

•it·••· for example, Buryn and Usher ( 1986) reported 

ai•ilar observation in their work on cryptoatigmotid 

mitea in th• maritime antarctic. Rogo et al. (1987) --
alao observed such variation• in a review study of 

Hononychellu~ species in Africa. Variable 22 (ratio 

of body length to ~he length of the dorao-lateral 

aeta L2) which also weighted highly in the PCA could 

perhaps be of importance in further studies. The 

result shown by thia variable corresponds favourably _, 

with earlier finding• of geographical influence in 
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the species di* lribvtion in Africa. Th• long '•taed 

for•• are found in West Africa and the abort forms 

in East Africa (Rogo, pers. comm.). These results 

indicated that, neither the comparative aetal lengths 

nor the body aizea of the inatara con be utilized 

as characters for aeparating the OTUs in this study. 

These different analyses have given results 

that agree in general ~~t differ ao•ewhat in detail. 

They have also directed tbe choice of characters 

for further similar atudiea, to avoid a vast• of 

time ••aauring variables which contribute relatively 

little to the study. Although it is not possible 

to give all the reasons for the variations observed 

in tbia study, it waa however noted that the eco• 

logical conditions existing in the collecting sites 

within the various countries v•r• not recorded. 

In addition, · the ages of the immatures as well aa 

the adults were also not defined. These can perhaps 

explain some of the variations. Rogo et al. (1987) --
in their study, also noted that the ages of adult 

fe•alea could also cause VGriationa. The same authors 
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further pointed out that variation• could, in 

addition, at•• frOll methods of apecimen preservation. 

Using aetal numbera, shape• and poaitions for 

apeciea diatinction in the Tetranychidae, earlier 

author• aucb aa Grandjean (1939, 1948), Wainatein 

(1958) to ••ntion only a fev, uaed aeveral dif-

ferent descriptive ter•• eapecially for aetae on 

the leg aeg•enta. For example, "Anisotropic 

phan rea• waa uaed to ••an ordinary aetae and 

•isotropic phanerea• for sensory aetae or aolenidia. 

Moat authora· preaently uae the no•enclature adopted 

by Pritchard and Baker (1955). Thia ayate• uaea 

the ter•• •aenaory aetae• for the isotropic phanerea 

and •tactile aetae• for the aniaotropic pbanerea, 

including an additional t•r• "duplex aetae." In 

this study, Pritchard and Baker'• (1955) notation 

was adopted. 

The prodoraumal aetal number of 3 pairs observed 

in all inatara of Hononychellus app. waa not unaual. 

It was observed by Lindquist (1985) in hia general 
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work on apider •ites that, a number of 3 pairs of 

aet~• throughout life waa consistent. The 10 paira 

evident on the ~pisthoao•al dorau• were alao with-

in the range of numbers found in other tetranycbid 

•itea (Lindquist, 1985). The doraal setal length• 

of the adult were observed to be aborter than the 

distances between their bases. This conforms with 

one of the diagnostic fea tures of fe•alea of M • ...... 
tanajoa (Nyiira, 1977; Flechtmann, 1977 and Macfarlane, 

1984). This however, could not separate the popu-

lationa but r4tber strengthened the definition of 

the taxon. For the i11111aturea, the original obaer-

vation in the present work vaa that, all the aetae 

appeared either longer or aa long as the diatancea 

between their baa••• 

The setal nu•bers of 6,7,9, and 10 pairs for 

the larva, protonymph, deutonymph and adult female 

respectively on the ventral idioaoma also conform 

with those on other tetranychid mites (Lindquist, 

1985). Among these, were 2 pairs of para-anal setae 

which were evident from larval to adult stage. 

, 



- 111 -

These have been described as unique features among 

the Tetranychidae and have been used as a diagnostic 

character of the genus (Nyiira, 1977 and Flechtmann, 

1977). Thia character waa also unable to separate 

the Hononychellua examined in this study. 

The nu•b•r of the ventrally placed short setae 

on the coxiaternal plotos of Hononychellus •PP• · as 

found in this investigation agrees with the •axi•u• 

number observed in the fa.1t l..y Tetranychidae for all 

.the instars (Robaux and Gutrierrez, 1973 and Lindquist, 

1985). 

Th• ontogenetic pattern in the trochanter 

segment as observed in this study is common to the 

Tetranychidae, as was also observed by Lindquist 

(1985) who reported that, in the adult only a pair 

of aetae are present ~n •ach leg. It was also noted 

that tbeae aetae were absent on all the legs in the 

larva and protonymph. In the deutonymph they were 

absent only on leg IV. Thia observation aakea dis

tinction easier between this inatar and the proton

y•ph of Hononycbellua •PP• 
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The pattern of setation observed in the femoral 

segment did not tally co•pletely with thoae of other 

tetranychid •it••• According to Quiros and Baker 

(1984) the correct notation in thia aegment in 

tetranychida had not been determined but in the 

adult, they observed that there are generally addi-

tiona of about 4 paira of aetae each to the deuton-

y•phal numbers on legs 1 and 11 and 3 paira each 

on legs 111 and lV. Th••• additions were obaerved 

on legs 1 and 11 but only 2 pairs each were observed 

on leg• 111 and lV. Grandjean (1965) however stated 

that, general!y, spider •itea alao show varying 

degreea of setal additiona and reductions on thia 

segment. Thia correaponds with auch variations 

observed in this investigation, in the Hononychellus 

•PP• The fe•oral numbers of 10-7-4-3 on the four 

lega indicated additions on lega 1 and 11 and re-

ductiona on legs 111 and lY. Heyer (1974) on the 

other hand, described Mononycbellua liepiae with 

reductions all through the legs except for leg 11 

with the numbers given as 9-7-3-3. The present 

observation on legs 11 and lY agrees with that of 

!:. lippiae of Meyer (1974). 
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Addition of aetae in the genual seg•ent of 

adult apider •itea ia alao variable in the Tetran

ychinae. In thia aubfamily, generally, no aetae 

are added on legs 1 and 11 (Lindquist, 1985). 

Thia la in agreement with the resent finding• in 

adult f••ale Hononxohellua •PP• retaining the deu

tonympha numbers of 8-5 on lega 1 and 11. There 

are usually additions and reduationa on lega 111 

and lV of the adult. A reduction giving a formula 

of 5-5-3-2 in the adult vaa uaed in the deacription 

of H. lippiae1H•y•r, 1974), while there was setal 

addition in thia study giving a fort1ula of 5-5-4-3. 

Th• • condition• in different apeci•• of Hononycbellua 

aa described above could be influenced by some 

genetic factor• which determine the species typ •• 

Tlie fin4inga in this study of 9 tactile and 1 

aenaory .. tae and 7 tactile aetae n tibiae 1 and 

11 reapectively tally with earlier observations 

by Nyiira (1977), Flechtmann (1977) and Rogo .!! !!• 

(1987). Th••• are already /used aa diagnostic 

features of .!:!:. taAajoa (Nyiira, 1977). 
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The present finding• however, do not agree with 

Doreate•a (1981) report of 8 tactile and 1 aen

aory aetae on tibia 1 during his redeacription 

of !ta. tanajoa. 

The proxi•al aetal nu•bera of 5 tactil• and 

1 sensory' and 3 tactile and 1 sensory on tarsal 

••g•ents 1 and 11 re1p•ctively agre•d with earlier 

studies by Nyiira (1977) and 'Flecht•ann (1977) but 

disagreed with the recorrl ~t "4+1 on tarsus 1 by 

Doreate (1981). These vere alao diagnostic chara

cters for ,!!s. tanajoa (Nyiira, 1977 and Flecht•ann, 

1977). The numbers earlier recorded on lega 1-1 

for all the aegmenta including the proximal aetae 

of tarsi 1- lV (5+11 3+11 2+1 and 2+1) of the adult 

feaale, also agree vith the observations of Freitez 

and Guiller•o (1977, unpublished •anuacript) for 

.!!t. tanajoa. Other observations on the larva, pro

~on111ph and deutonymph for legs 1-lV and the distal 

tarsal aetae in the adult fe•ale aa indicated in 

Tables 25-28 (••• pages 100 and101 ) are original 
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findings of the preaent tudy. Although theae 

tibial and taraal aetal nu•bera could not separate 

the population in tbia atudr, they have previously 

been aucceaafully utilized in species istinction 

br Paachoal (1970) vho used th•• to separate adult 

fe•ales of Hononrchellua (• Monoaycbua) bondari 

and H. obe•oaetosua of Br azilian fauna. -------
These unifor• nu•bera ~f aetae on different 

-body parts such aa the dorsu•, venter and leg 

aegmenta recorded on all the instara out of all 

the popul@tiona of Hononrcbellua •PP• were co•-

Pl•••ntary to the results on •eaaureaenta which 

have collectively emphasised a single taxon. 

_; 



- 116 -

SUHHARY 

1. Adult characters of •eaaure•enta of leg 

aegmenta were intercorrelated. 

2. Weighting• of the characters were low. None 

constituted indicea of di•tinction for poaaible 

claaaiflcation of the OTUa. 

3. Low percentage variance• of less than 50~ 

were recorded in the f irat two component. Group• 

could not be eatabliahed within the OTUs. 

4. Ratios of •eaaure•ents (RL1, RL2, RL3, RL4, 

Rd
1
, Rd2 and Rd3) did not aignificantly correlate. 

5. Weighting• were low and plotted data v•r• 

abovn aa cluster of the OTUa. 

6. With cluster analysis, majori y of the OTUa 

out of 200 were in a group. A single species 

vaa inferred. 

7. Location effect vaa significant. Percentage 
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variance• due to location were however very lov 

for all variables except variable RL2 (ratio of 

body length to tb• length of the dorao-lateral 

•etal len9tb - L2) with 5()%. 

8. Geographical influence in the distribution 

of the OTUa vas partially indicated by variable 

RL2• Hoat of the long a•taed for•• v•r• observed 

in Weat Africa vhile the ahort for•• v•r• •ainly 

in £aat Africa. 

9. Variable~ P1, P2, o3 and o5 did not signifi

cantly correlate vith other variable• in the larva. 

Th••• bovever, could not constitute indices of 

variation. 

10. Eigenvector• in the larva vere not signifi

cant for possible apeciea distinction. 

11. Percentage variance for the first 3 compo

nents accounted for only 53% of the total variance. 

12. Principal co•ponents plota illustrated an 
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indiatinctive cluster pattern of th• OTUa. 

13. In the protonympb, variables P1, L2 and D• 
bad no significant correlation with other variables. 

1•. Values of the eigenvector• were insignificant 

in the protonymphal stage. 

15. The first 3 co•pnnenta accounted for only 

59% of the total variance. A low score in the 

protonymph. 

16. Princip~l component plots indicated a single 

clvat~r of OTUa. Mombasa population of mainly 

long aetaed for•• partially isolated th••••lvea 

fro• the entire population. 

17. Variables aaaeaaed in the deutonympb were 

significantly intercorrelated. 

18. Eigenvectors did not indicate indices of 

variation despite the moderately high percentage 

variance of 71% in the first 3 components in the 

deutonymph. 
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19. Plotted principal component scores were in 

clusters of OTU • Mombasa populations were partially 

isolated. 

20. Larva bad a mean body length of 129.Bpm; with 

a range of 101.9 - 155.7 pm. 

21. Hean body length in protonymph was 174,7 ~·; 

with a range of 135.8 - 217.9. pm. 

22. Hean body length of ~ ·:dtonympb was 229. 1 11m; 

with a range of 167.0 - 311.3 ~·· 

23. Mean body width in larva was 115.8 ~m7 with 

a range of 90.2 - 141 .5 ~·· 

24. Hean body width in protonymph was 146.7 pm; with 

a range of 130.2 - 172.6 pm. 

25. Hean body width in deutonymph was 180.8 ~m; with 

a range of 101.9 - 226.4 pm. 

26. In the idioao•al aetal lengths, humeral aetal 

l ngtha increased pro reaaively in all the inatara. 
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27. There vaa no significant difference in the 

lengths of P1, P2 and P3 in the larva and proton

ympb. They were longest in the deutonymph. 

28. The lengths of o1, o2 and o3 were longest in 

the larva while D4 and o5 were longest in the deu

tony•ph. 

29. The length of L
1 

was shortest in the larva 

while L2, L3 and L4 were longest in the devtonymph. 

30. Idioso•al 1etal nu•ber fro• larva to adult 

fe•ale vas 13 pairs (3 pairs of prodoravmal, 1 

pair of humeral, 4 pairs of dorao-lateral and 5 

pairs of dorso-central aetae). 

31. Ventral idiaomal aetae in the larva vere 6 

32. In the protony•ph there were 7 pairs (Hv
1
, 

Hv2, PrG, A1, A2, PaA1 and PaA2). 

33. In th• deutony•ph there were 9 
. (Hv

1
, pa1rs 

"•21 Hv3, PrG, G1, A1, A2~ PaA1 and PaA2). 
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34. I• adult female there were 10 paira (Mv1, 

Hv2, Hv3, PrG, G1, G2, A1, A2, PaA1 and PaA
2
). 

35. The aetal f or•ulae for leg cbaetotaxy in 

the larva were: 

Coxiat•rnal plate: 1-0-0 

Trochanter aeg11ent1 0-0-0 

f e11ur • : 3-3-2 

Genu • I +·._2 

Tibial ... I { 5t+ 1 a)-5-5 

Ta.raal .. I (7t+ld)-(7t+ld)-6 

36. Seta! for11ulae in the pr·tonymph were: 

Coxi aternal plates 2-1-1-0 

Trochanter aeg•ent1 0-0-0-0 

Femur .. 
I 3-3-2-1 

Ge nu .. 
I 4-4-2-1 

Tibial .. I { 5t+ 1 a )-5-5-5 

Taraal .. I (9t 2d)-{9t+1d)-8-6 
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37. Setal formulae in tbe deutony11ph were: 

Coxiaternal plates 2-2-1-1 

Trechanter aeg•ent: 1-1-1-0 

f e•ur • I 6-3-2-1 

Genu • I 5-5-2-1 

Tibial • I (7t+ la)-5-5-5 

Tarsal • : ( 1t+la+2d)-(10t+ld)-(8t+1~)-8 

38. Setal formulae in adult fe•ale verea 

Coxiaternal plates 2-2-1-1 

Trochanter segment: 1-1-1-1 

Fe•ur • I 10-7-4-3 

Ge nu • I 5--5-4-3 

Tibial • I (9t+l•)-7-6-6 

Tarsal • : (14t+la+2d)-(12t+ls+ld)-

(10t+la)-(10t+la). 
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C 0 N C L U S I 0 N 

Baaed on the character• investigated in thia 

atudy and the findings of other workers on both 

morphological and genetical atudiea, one may con-

elude that th re is perhaps only one sp•ci•a of 

Nononrchellua in this region. However, there is 

atill need for further research work involving 

the eatabliah•ent of •pure lioea• of the long and 

abort for•• for the re-examination of some of the 

uncorrelated character• identified in the study. 

Studies ahould alao include other aapecta of 

ayate•atic biology. Otherwise, ~ tanajoa should 

be redescribed to take account of some of the mor-

phological variations so far observed in the various 

•tudi••• In doing this, it would be worthwhile 

to include infor mation obtained in this study 

particularly the compl et e aetal for•ulae of the 

immature atagea, the body aizea and ••tal length• 

of the larval, protonymphal and deutony•phal stages. 

Th••• characters have of ten been uaed in systematic 

atudiea of apeciea in the Acari in general and 

Tetranychidae in particular. 
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APPENDICES 1-10: Heasure1ents (~•) on adult female ~ononychellus spp . fro• 10 African countries 

Appendix 1: BURUNDI 

REPLICATE Tri Fnl Gnl Tb I Tsl Tr II Fill GnJI Tb II Tsll Tr III Fllll GnIII Tblll 
-----------------------------------------------------------------------------------------------------------

1 1.00 33.96 79.24 36.79 42.45 59.43 28 .30 56.60 33.96 33.96 48.11 28.30 33.96 39.62 
2 2.00 33 .96 82 .07 39 .62 45.28 59 .43 25 .47 50.94 28 .30 28.30 48.11 28 .30 31.13 39.62 
3 3.00 28 .30 76 .41 45.28 33.96 53 . 77 28.30 56.60 31.13 31.13 45.28 25.47 31.13 39 .62 
4 4.00 28 .30 82.07 39.62 39 .62 56.30 28 .30 50.94 36.79 36.79 48.11 31.13 28 .30 39.62 
5 5.00 28.30 84.90 42.45 48.11 56 .60 28.30 53.77 31.13 31.13 50.94 28.30 31.13 39.62 
6 6.00 31.13 79 .24 39.62 42.45 48.11 25.47 50.94 28 .30 28.30 42.45 28 .30 31.13 39.62 
7 7.00 31.13 76.41 36.79 42.45 53. 77 28.30 53.77 31.13 31.13 39.62 25.47 32 .55 36.79 
8 8.00 31.13 79.24 39. 62 45.28 56.60 28.30 56 .60 31.13 31.13 48.11 25.47 33.96 39.62 
9 9.00 31.13 82.07 39 .62 45 .28 59 .43 28.30 53. 77 33.96 33.96 48.11 25.47 31.13 39.62 

10 10.00 28.30 "84 .90 39 .62 45.28 56.60 25.47 56 .60 31.13 31.13 48.11 25.47 33.96 39.62 
11 11.00 28.30 82.07 36.79 45.28 53. 77 28 .30 50.94 31.13 31.13 48.11 25.47 28.30 39 .62 
12 12.00 28 .30 87 .73 42 .45 48.11 56.60 28.30 53 .77 36.79 36.79 48.11 28 .30 31.13 33.96 
13 13.00 28 .30 79 .24 39.62 42.45 %. '10 28.30 50.94 31.13 31.13 48 .11 25.47 31.13 36.79 
14 14.00 31.13 79.24 39.62 45 .28 59 .43 26 . ~0 53. 77 31.13 31.13 50.94 25.47 33. 96 36.79 
15 15.00 25.47 82.07 36 .79 42.45 56 .60 28. 30 53.77 33.96 33.96 45.28 28.30 31.13 36.79 
16 16 .00 25.47 82.07 32.55 36.79 53. 71 28.30 48.11 28.30 28.30 48.11 25.47 31.13 36.79 
17 17 .00 31.13 82.07 42 .45 45.28 59.43 ~5 . H 53 .77 33.96 33.96 45.28 28.30 31.13 31.13 
18 18.00 33.96 84.90 39.62 45.28 56.60 28.,)l) 56.60 31.13 31.13 48.11 25.47 31.13 36.79 
19 19.00 31.13 84 .90 36 . 79 42.45 53 . 77 28 .~0 56.60 31.13 31.13 45.28 28.30 28.30 -42. 45 
20 20 .00 33.96 87. 73 42.45 45.28 56.60 28.30 56 .60 33.96 33 .96 53. 77 28.30 28.30 36 .79 

" 
REPLICATE Tslll Tr IY FIIV GnJV Tb IV Ts IV Rll RL2 RL3 Rl4 Rdl Rd2 Rd3 

----------------------------------------------------------------------------------------------------
l 53 .77 31.13 67. 92 33.96 42.45 56 .60 0.106 0.106 0.152 0.083 0.205 0.205 0.136 
2 56.60 28 .30 59 .43 33.96 42.45 56.60 0.117 0.126 0.165 0.097 0.243 0.204 0.223 
3 62 .26 31. 13 62.26 31.13 42 .45 56 .60 0.087 0.104 0.167 0.113 0.139 0. 165 0.157 
4 56 .60 33 .96 73.58 31.13 48.11 59 .43 0.206 0.137 0.206 0.118 0.216 0.186 0.206 
5 59 .43 28.30 73.58 33 .96 39.62 62 .26 0.070 0.076 0.102 0.078 0.211 0.204 0.242 
6 45 .28 28.30 62.26 33 .96 42. 45 53. 77 0.079 0.086 0.118 0.079 0.200 0.193 0.200 
7 56.60 28.30 59 .43 33. 96 39.62 56.60 0.065 0.101 0.129 0.105 0.218 0.121 0.170 
8 56:60 28.30 67.92 33.96 39.62 59.43 0.067 0.096 0.141 0.096 0.230 0.230 0.244 
9 53. 77 28 .30 62.26 33.96 39.62 62.26 0.079 0.105 0.158 0.098 0.233 0.233 0.203 

10 59.43 28 .30 65 .09 33.96 42.45 53 . 77 0.088 0.106 0.168 0.106 0.230 0.230 0.230 
11 53 . 77 25 .47 53.77 31.13 39.62 56 .60 0.098 0.140 0.157 0.091 0.256 0.223 0. 223 
12 56 .60 28.30 67. 92 36.79 39.62 6?.26 0.087 0.134 0.161 0.094 0.260 0.244 0.209 
13 56 .60 28.30 59.43 31.13 36 .79 59.43 0.079 0.122 0.157 0.096 0.226 0.226 0.209 
14 56 .60 28.30 67.92 39.62 42 .45 56 .60 0.072 0.115 0.144 0.079 0.251 0.259 0.223 
15 59 .43 28.30 67 .92 33 .96 42.45 59.43 0.092 0.085 0.162 0.096 0.246 0.231 0.223 
16 45.28 28.30 59.43 31.13 36.79 53. 77 0.088 0.099 0.138 0.092 0. 233 0.217 0.217 
17 53.77 28.30 67. 92 31.13 39.62 56.60 0.071 0.079 0.121 0.093 0.221 0.207 0.207 
18 53 . 77 28 .30 65.09 36.79 42.45 62.26 0.062 0.097 0.145 0.083 0.214 0.214 0.228 
19 53.77 25.47 62 .26 31.13 39.62 45.28 0.073 0.118 0. 164 0.091 0.264 0.255 0.209 
20 56.60 31.13 67.92 33.96 42.45 59 .43 0.074 0.123 0.131 0.082 0.254 0.254 0.238 

' 
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Appe~dix 2: CA"EROON 

, 

REPLICATE Tri Fil Gnl Tbl Tsl Tr II F•ll GnlI Tbll Tsll Tr III F11II Gnlll Tblll 

-------------------------------------------·----------- ----------------------------------------------------
l 1.00 28.30 65.09 36.79 45.28 53.77 22.64 56.60 31.13 25.47 42.45 28.30 28.30 36 .79 
2 2.00 28.30 84 .90 39.62 42.45 53. 77 28.30 56.60 36.79 33.96 48 .11 28.30 33.96 42 .45 
3 3.00 33.96 84.90 39.62 45.28 59.43 28 .30 56.60 36.79 31.13 48.11 28.30 33.96 39 .62 
4 4.00 28 .30 79.24 33.96 42.45 53. 77 28.30 53.77 31.13 31.13 42.45 28.30 31 .13 33.96 
5 5.00 28.30 82.07 33.96 42 .45 56.60 25.47 50.94 25.47 31.13 48.11 31.13 31.13 39.62 
6 6.00 28.30 79.24 31.13 36. 79 53 . 71 22.64 53 . 77 33.96 31.13 42.45 28.30 31.13 36. 79 
7 7.00 31.13 82.07 33.96 45.28 56.60 25.47 53. 71 36.79 36. 79 50.94 25.47 33.96 36.79 
8 8.00 28.30 82.07 33.96 33.96 56.60 22.64 48.11 39.62 31.13 48.11 28.30 28.30 33.96 
9 9.00 28.30 73.58 31.13 31.13 53.77 28 .30 53. 71 33.96 31.13 45.28 25 .47 25.47 36.79 

10 10.00 28.30 79 .24 31.13 31.13 53. 77 28 .30 50 .94 31.13 31.13 48 .11 22.64 28.30 33.96 
11 11.00 28.30 84.90 36. 79 42.45 53 .77 25.47 53. 77 33.96 31.13 50 .94 25.47 31.13 39.62 
12 12 .00 31.13 87.73 39.62 42.45 50 .94 25.47 56.60 31.13 31.13 45.28 22.64 31.13 39 .62 
13 13.00 28.30 73.58 39.62 42.45 53. 77 25 .47 53.77 31.13 31.13 45.28 28.30 31.13 39.62 
14 14.00 28.30 84.90 39.62 42.45 50.94 25.47 48.11 33.96 31.13 42.45 25.47 31.13 36.79 
15 15.00 28.30 73.58 36.79 39.62 56.60 22.64 45 .28 31 .13 31.13 50.94 28 .30 31.13 39 .62 
16 16 .00 28.30 79.24 33 .96 39.62 50 .; 4 28. 30 50.94 31.13 28.30 45.28 28.30 28.30 33.96 
17 17.00 25.47 79 .24 33.96 42.45 53. JI 22.64 4.8.11 31.13 31.13 42.45 22.64 31.13 33.96 
18 18.00 28.30 87.73 33.96 48.11 59.43 22.64 53. 77 31.13 33.96 50.94 28.30 33.96 33.96 
19 19.00 28.30 82.07 39.62 45.28 56.60 28 .30 53. 77 31.13 31.13 50.94 28.30 33.96 42.45 
20 20.00 28.30 87. 73 42.45 45.28 56.60 28 .30 56.60 36.79 33.96 48.11 25.47 31.13 39.62 

REPLICATE Tslll Tr IV F11IY GnlV Tb IV TslV Rll RL2 RL3 RL4 Rdl Rd2 Rd3 

----------------------------------------------------------------------------------------------------
1 53. 77 33.96 65.09 28 .30 42 .45 59 .43 0.105 0. 133 0. 168 0.070 0.031 0.217 0.231 .. 
2 56 .60 28.30 70.75 33.96 42 .45 62.26 0.120 0.152 0.192 0.072 0.216 0.248 0.192 
3 56.60 28.30 70 .75 33.96 42 .45 62.26 0.095 0.161 0.146 0.088 0.212 0.248 0.168 

4 56.60 28.30 56 .60 28 .30 39.62 59.43 0.130 0.171 0.187 0.081 0.228 0.211 0.211 

5 50 .94 28 .30 65 .09 31.13 42.45 59.43 0.104 0.139 0.146 0.063 0.201 0.222 0.222 

6 56.60 28 .30 62.26 31.13 42.45 59.43 0.133 0.183 0.200 0. 100 0.208 0.217 0.200 

7 53. 77 25.47 65.09 33.96 42.45 50 .94 0.140 0.154 0.154 0.103 0.224 0.224 0.221 

8 56.60 28.30 62.26 33.96 42 .45 59.43 0.143 0.179 0.171 0.071 0.214 0.186 0.193 

9 53. 77 19.81 56.60 28 .30 42.45 59.43 0. 125 0.169 0.184 0.096 0.206 0.228 0.184 
10 50 .94 28.30 65.09 31.13 42.45 59. 43 0.142 0.183 0.125 0.100 0.242 0.258 0.242 
11 53. 77 22.64 56 .60 31 .13 39.62 59.43 0.170 0.196 0.205 0.116 0.241 0.250 0.214 
12 SJ . 77 28.30 65.09 31.13 42 .45 59.43 0.112 0.157 0.172 0.097 0.179 0.179 0.187 
13 50.94 28.30 59.43 33.96 42.45 59.43 0.144 0.159 0.174 0.083 0.242 0.242 0.242 
14 53.77 22.64 59.43 33 .96 42.45 56.60 0.138 0.177 0.192 0.077 0.223 0.208 0.200 
15 53. 77 28.30 62 .26 36. 79 42.45 59.43 0.155 0.200 0.200 0.100 0.282 0.245 0.245 
16 48.11 25.47 56.60 28.30 36 .79 56.60 0.175 0.196 0.237 0.082 0.216 0.216 0.206 
17 53 .77 25.47 59.43 33.96 42.45 59.43 0.136 0.179 0.164 0.079 0.157 0.221 0.200 

18 56 .60 28 .30 65.09 33.96 45.28 59 .43 0.118 0.169 0.199 0.088 0.184 0. 191 0.169 
19 56.60 28.30 67 .92 36.79 42. 45 62.26 0.145 0.167 0.159 0.087 0.246 0.225 0.210 

20 59 .43 28.30 73.58 39.62 48.11 62.26 0.127 0.178 0.178 0.102 0.246 0.195 0.195 
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App-end ix 3: GHANA 

REPLICATE Tr! F11I Gnl Tb! Tsl Tr II Fall Gnll Tbll Ts II Trlll F11Il Gnlll Tblll 

-----------------------------------------------------------------------------------------------------------
1 1.00 33.96 90 .56 42.45 48.11 59.43 31.13 59.43 31.13 31.13 48.11 31.13 31.13 42 .45 
2 2.00 28.30 79 .24 39.62 48.11 56.60 28.30 59.43 36 .79 31.13 53.77 42.45 28 .30 36 .79 
3 3.00 28.30 84.90 45.28 42.45 59 .43 24.06 62.26 33 .96 31.13 48.11 31.13 33.96 42 .45 
4 4.00 28.30 84.90 42.45 45.28 59.43 25.47 53. 77 33 .96 31.13 45.28 28.30 33.96 39.62 
5 5.00 33.96 90 .56 36.79 48 .11 . S9. 43 28.30 59.43 36.79 31.13 48.11 28.30 33 .96 36.79 
6 6.00 36 .79 87 . 73 36.79 42.45 50 .94 31.13 62.26 39.62 31.13 48.U 31.13 33.96 39.62 
7 7.00 31.13 82.07 45.28 48.11 56.60 31.13 53.77 33.96 33 .96 45:28 28.30 31.13 39.62 
8 8.00 31.13 90.56 45.28 45.28 59.43 3l.l3 56 .60 36.79 33.96 53.77 36.79 33.96 42 .45 
9 9.00 31.13 79.24 39.42 45.28 56 .60 28.30 56.60 31.13 31.13 45.28 25.47 28.30 42.45 

10 10.00 28.30 93.39 42.45 42.45 so.94 25 .47 56.60 33.96 31.13 45.28 25.47 28 .30 39.62 
11 11.00 33.96 82.07 31.13 45.28 56 .60 25. 47 48.11 31.13 33.96 50.94 25.47 33.96 36.79 
12 12.00 28.30 82 .07 33.96 39.62 53. 77 33.96 56.60 31.13 33.96 45.28 28.30 33.96 36.79 
13 13.00 28.30 82.07 39.62 39.62 48.11 28.30 59.43 31.13 33.96 48 .11 25 .47 31.13 36.79 
14 14 .00 31.13 82.07 33.96 39.62 56 .60 25 .47 50.94 31 .13 31.13 48.11 25.47 31.13 42.45 
15 15.00 28.30 82.07 36 .79 42 .45 53. 77 28.30 56.60 33. 96 31.13 45 .28 28.30 31.13 39 .62 
16 16. 00 31.13 87.73 36 .79 42.45 59 .43 28.30 50.94 33.96 31.13 48.11 25.47 33.96 39.62 
17 17.00 31.13 90.56 36.79 42.45 62 .26 25.47 59.43 31.13 31. 13 48.11 28.30 33.96 39.62 
18 18.00 31.13 87 . 73 36. 79 45 .28 53.77 28.30 53. 77 31.13 28 .30 48.11 25.47 31.13 36 .79 
19 19.00 28.30 76.41 33.96 36 .79 53. 77 25.47 56.60 33.96 28 .30 48 .11 22.64 28 .30 25.47 
20 20.00 28.30 87.73 33.96 42.45 56.60 25.47 59.43 31.13 31.13 45.28 25.47 31.13 42.45 

REPLICATE Ts III Tr IV F1IV GnIV TbIV Ts IV Rll RL2 RL3 RL4 Rdl Rd2 Rd3 
----------------------------------------------------------------------------------------------------

1 59.43 36 .79 70 .75 31.13 42 .45 62.26 0.165 0.1~ 0.198 0.099 0.198 0.182 0.207 
2 62.26 31.13 59.43 36.79 42.45 65.09 0.128 0.168 0.176 0.100 0.216 0.200 0.248 
3 56.60 39.62 70 . 75 33.96 39.62 59 .43 0.128 0.149 0.138 0.085 0.199 0.199 0.255 
4 56.60 25 .47 67. 92 33.96 42.45 59.43 0.122 0.176 0.160 0.092 0.214 0.221 0.229 
5 56.60 31.13 67 .92 33 .96 42.45 62.26 0.120 0.133 0.133 0.120 0.247 0.220 0.160 
6 56.60 28.30 59.43 33.96 45.28 62.26 0.126 0.170 0.178 0.096 0.215 0.226 0.244 
7 59.43 33 .96 70.75 33.96 45.28 59.43 0.1 38 0.163 0.174 0.101 0.210 0.239 0.210 
8 56.60 28.30 59.43 36 .79 '48.11 56.60 0.140 0.184 0.176 0.103 0.221 0.210 0.265 
9 53. 77 28.30 67 . 92 31.13 48.11 56.60 0.122 0.165 0.165 0,083 0.201 0.201 0.209 

10 53. 77 22.64 59 . 43 33.96 42.45 56.60 0.137 0.161 0.170 0.097 0.242 0.242 0.242 
11 53. 77 25.47 59. 43 33.96 42.45 53 . 77 0.143 0.183 0.175 0.087 0.230 0.230 0.254 
12 56.60 28.30 73.58 33 .96 39.62 56.60 0.157 0.182 0.182 0.074 0.256 0.264 0.231 
13 53. 77 28.30 56.60 31.13 42 .45 56.60 0.148 0.209 0.217 o.b78 0.235 0.261 0.217 
14 53. 77 28.30 70.75 42.45 48.11 62.26 0.144 0.192 0.216 0.088 0.248 0.256 0.240 
15 53. 77 28.30 65 .09 33.96 42.45 59.43 0.142 0.165 0.197 0.094 0.244 0.252 0.205 
16 59 .43 28.30 59.43 33.96 45 .28 59.43 0.136 0.184 0.188 0.072 0.224 0.260 0.216 
17 53. 77 28.30 62.26 33.96 42.45 59.43 0.157 0.174 0.174 0.074 0.256 0.256 0.198 
18 53.77 25.47 62.26 33.96 45.28 59.43 0.142 0.183 0.1 75 0.092 0.242 0.258 0.225 
19 53.77 25.47 59.43 31.13 31.13 59.43 0.140 0.175 0.211 0.079 0.246 0.237 0.228 
20 53. 77 25.47 62.26 39.62 48.11 56.60 0.156 0.193 0.197 0.082 0.254 0.254 0.197 

«'. ~ 
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Appendix 4: KENYA 

REPLICATE Tr! F11I Gnl Tb I Ts I TrII Fill GnII Tb II TsII Tr III F1III GnIII Tb III 
-----------------------------------------------------------------------------------------------------------

l 1.00 33.96 87. 73 39.62 45.28 56.60 28.30 56.60 36.79 33.96 45.28 31.13 31.13 42.45 
2 2.00 33.96 79.24 36.79 39.62 53. 77 28.30 53. 77 31.13 28.30 42.45 28.30 31.13 36.79 
3 3.00 33.96 82.07 33.96 45.45 53. 77 31.13 53.77 33.96 28.30 45.28 31.13 31.13 39.62 
4 4.00 33.96 87 . 73 45.28 48.11 ~3. 77 25 .47 59.43 33.96 31.13 48.11 28.30 36 . 79 36.79 
5 5.00 33.96 96.22 48.11 50.94. 65.09 28.30 59.43 53. 77 39.62 50.94 28.30 33 .96 42.45 
6 6.00 28.30 84.90 39.62 45 .28 36.79 28.30 59.43 33.96 28.30 33.9& 25.47 31.13 39.62 
7 7.00 31.13 84.90 53.96 45.28 59.43 28.30 53 . 77 35.38 31.13 45:28 31.13 31.13 39.62 
8 8.00 33.96 82.07 39.62 45.28 53. 77 28.30 42.45 31.13 31.13 42.45 25.47 31.13 39.62 
9 9.00 31.13 73.58 45.45 42.45 48 .11 28.30 53. 77 33.96 28.30 33.96 28 .30 33 .96 42.45 

10 10 .00 33.96 99.05 45.28 48.11 62.26 28.30 56.60 39.62 33.96 53. 77 28.30 36.79 42.45 
11 11.00 33.96 84.90 38.21 48.11 56 .60 31.13 50.94 33.96 31.13 39.62 25.47 36.79 36.79 
12 12.00 31.13 87. 73 42.45 48.11 56.60 28.30 53. 77 36 .79 33.96 45.28 25.47 31.13 39.62 
13 13.00 33.96 93.39 45.28 48.11 59.43 31.13 59 .43 39.62 33.96 48.11 28.30 33.96 39.62 
14 14.00 31.13 93.39 45.28 48.11 65.09 25.47 53. 77 39.62 33.96 50.94 31.13 35.36 42.45 
15 15.00 33.96 96.22 42.45 48.11 59.43 28.30 56.60 36.79 31.13 50.94 31.13 33.96 39.62 
16 16.00 33.96 70.75 36.79 42.45 53. 77 28.30 45.28 31.13 31.13 45.28 31.13 28.30 36.79 
17 17.00 36.79 84.90 36. 79 45.28 48.11 33.96 62.26 31.13 31.13 48.11 28.30 33 .96 39.62 
18 18.00 28.30 79. 24 33.96 39 .62 53. 77 31.13 50.94 28.30 31.13 45.28 28.30 31.13 36.79 
19 19 .00 31.13 79.24 39.62 45.28 53. 77 28.30 53. 77 39.62 31. 13 45.28 31.13 28.30 39.62 
20 20.00 33 .96 79.24 36.79 42.45 48.11 28.30 53. 77 31.13 28. 30 45.28 28.30 31.13 33.96 

REPLICATE ls III Tr IV F11IV GnlV Tb IV Ts IV RU RL2 RL3 RL4 Rdl Rd2 .Rd3 
----------------------------------------------------------------------------------------------------

1 59.43 25.47 56.60 36 .79 45.28 62.26 0.167 0.1'4 0.203 0.167 0.278 0.278 0.259 
2 53. 77 25.47 48.11 33.96 33.96 53.77 0.088 0.149 0.149 0.070 0.237 0.246 0.193 
3 53. 77 25.47 62.26 33.96 42.45 56.60 0.091 0.124 0.124 0.124 0.190 0.174 0.215 
4 62.26 28.30 70.75 42.45 42.45 62.26 0.151 0.187 0.227 0.079 0.223 0.216 0.216 
5 62.26 28.30 73.58 39.62 48.11 67.92 0.091 0.132 0.165 0.045 0.240 0.256 0.215 
6 53. 71 ·28.30 65.09 36. 79 39.62 59.43 0.093 0.136 0.161 0.085 0.220 0.237 0.220 
7 56 .60 33.96 59.43 39.62 38.21 62.26 0.085 0.101 0.147 0.085 0.232 0.232 0.194 
8 56.60 33.96 56 .60 36. 79 42.45 56.60 0.152 0.192 0.200 0.096 0.224 0.232 0.224 
9 56.60 36.79 67.92 31.13 48.11 59.43 0.148 0.189 0.197 0.086 0.246 0.246 0.246 

10 62.26 31.13 79 .24 39.62 48.11 65.06 0.100 0.131 0.162 0.092 0.238 0.231 0.215 . 
11 53. 77 28 .30 59.43 36.79 45.28 62.26 0.091 0.140 0.149 0.116 0.215 0.231 0.198 
12 53. 77 28 .30 65.09 33.96 45.28 62.26 0.165 0.177 0.195 0.083 0.237 0.244 0.263 
13 59.43 33.96 70.75 36.79 42.45 65.09 0.191 0.222 0.243 o'.096 0.230 0.270 0.239 
14 59.43 31.13 65.09 36.79 45.28 62 .26 0.138 0.174 0.167 0.101 0.203 0.217 0.188 
15 56 .60 31.13 62.26 33.96 48.11 62.26 0.096 0.107 0.143 0.100 0.229 0.193 0.200 
16 53. 71 28 .30 56.60 31.13 36.79 53. 77 0.070 0.127 0.184 0.131 0.211 0.211 0.219 
17 56.60 31.13 70.75 31.13 42.45 62.26 0.095 0.124 0.162 0.105 0.257 0.252 0.238 . 

0.113 0.137 0.089 0.202 0.202 0.185 18 53. 77 25.47 70.75 33.96 39.62 56. 60 0.089 
19 48.11 25.47 65.09 33.96 39.62 56.60 0.096 0.130 0.152 0.096 0.226 0.235 0.235 
20 48.11 25.47 53 . 77 31.13 33.96 48.11 0.100 0.155 0.190 0.111 0.230 0.230 0.220 
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REPLICATE Tr! F111I Gnl Tb! Tsl Tr II F1II Gnll Tb II Tsll Trill fllll Gnlll Tblll 
-----------------------------------------------------------------------------------------------------------

1 1.00 28.30 84.90 42.45 45.28 59.43 16.98 56.60 39.62 33.96 53.77 16.98 33.96 41.04 
2 2.00 25 .47 73 .58 33.96 42.45 62.26 14.15 45.28 28.30 25.47 53. 77 19.81 28.30 36.79 
3 3.00 2.8.30 84.90 39.62 45.28 56.60 25.47 53.77 33.96 31.13 45 .28 28.30 31.13 39.62 
4 4.00 25.47 79.24 39.62 42.45 59.43 28.30 48.11 33.96 31.13 45.28 28.30 33 .96 48.11 
5 5.00 28.30 62.26 39.62 45.28 53.77 25.47 48.11 33.96 31.13 50 .94 25.47 33.96 36.79 
6 6.00 25.47 73.58 31.13 36.79 50.94 28.30 48.11 31.13 28.30 39.6~ 25.47 42.45 28.30 
7 7.00 28.30 70.75 33.96 42.45 56.60 28.30 53. 77 28.30 31.13 45 .. 28 28.30 28.30 33.96 
8 8.00 28.30 87.73 36.79 42.45 56.60 25.47 59 .43 31.13 31.13 53.77 16.98 36.79 39.62 
9 9.00 28.30 87.73 42 .45 45.28 62.26 25.47 50.94 33.96 33.96 50.94 25.47 33.96 39.62 

10 10.00 31.13 87. 73 33.96 45.28 59.43 28.30 56.60 31.13 28.30 53. 71 28.30 31.13 39 .62 
11 11.00 33.96 84 .90 36.79 39.62 48 . 11 28.30 56.60 28.30 33.96 45.28 25.47 31.13 45.28 
12 12.00 28.30 76.41 36. 79 45.28 56 .60 28.30 53. 77 33 .96 31.13 45 .28 28.30 33 .96 45.45 
13 13.00 28.30 76.41 39.62 39.62 48.11 28.30 56.60 31.13 28.30 42.45 28 .30 28 .30 39.62 
14 14.00 31.13 79.24 42.45 48 . 11 53. 77 25.47 48.11 36.79 31.13 45.28 28.30 31.13 42.45 
15 15.00 33.96 87.73 42.45 48.11 59.43 31.13 65.09 36.79 31.13 45 .28 31.13 33.96 42.45 
16 16.00 31.13 76.41 33.96 42.45 53.77 28.30 50 .94 31.13 31.13 45 .28 28 .30 31.13 35.38 
17 17.00 31.13 82 .07 36.79 39.62 50.94 25.47 5.3. 77 31.13 31.13 45.28 25.47 33.96 36.79 
18 18. 00 31.13 82.07 36.79 45.28 59.43 28.30 50.94 33.96 31.13 45.28 28.30 31.13 36 .79 
19 19.00 31.13 82.07 36.79 42.45 53.77 28.30 56.60 33 .96 31 .13 48.11 28.30 33.96 36.79 
20 20.00 31.13 84 .90 36. 79 42.45 53. 77 28.30 50.94 33.96 31.13 45.28 25.47 31.13 36.79 

REPLICATE lslll Tr IV F1IY GnlY TbIY Ts IV Rll RL2 RL3 RL4 Rdl Rd2 Rd3 
-------------------------------------~--------------------------------------------------------------

1 65.09 25.47 67. 92 31.13 42.45 67 .92 0.123 0.126 0.168 0.081 0.174 0.171 0.171 
2 48 .11 28.30 59.43 31.13 42.45 65 .09 0.156 0.1~4 0.211 0.101 0.220 0.229 0.220 
3 56.60 28.30 65.09 33.96 39.62 59.43 0.136 0.161 0.204 0.102 0.225 0.255 0.195 
4 65.09 28.30 53.77 33.96 42.45 65.09 0.091 0.171 0.188 0. 077 0.222 0.214 0.205 
5 59 .43 31.13 70.75 31.13 39.62 65.09 0.125 0.147 0.154 0.066 0.199 0.199 0.191 
6 59.43 33 .96 48.ll 28.30 39.62 59.43 0.107 0.157 0.151 0.099 0.190 0.223 0.231 
7 56 .. 60 25.47 50.94 33.96 42 .45 53 .77 0.104 0.117 0.117 0.065 0.240 0.227 0.175 
8 59.43 28.30 53. 77 31.13 ' 42.45 59 .43 0.144 0.189 0.216 0. 108 0.189 0.207 0.216 
9 59.43 31.13 53.77 33.96 42.45 62 .26 0.150 0.167 0.200 0.083 0.192 0.225 0.217 

10 59 .43 28.30 59.43 33.96 42 .45 59.43 0.149 0.157 0.165 0.099 0.182 0.207 0.273. 
11 56 .60 25.47 70.75 33.96 45.28 59.43 0.120 0.139 0.139 0.073 0.209 0.206 0.190 
12 56.60 31.13 65.09 36.79 42.45 56.60 0.130 0.183 0.183 0.078 0.226 0.243 0.252 
13 50.94 33.96 67.92 31.13 42.45 56.60 0.150 0.230 0.230 9.120 0.230 0.220 0.240 
14 56.60 25.47 59.43 31.13 48 .11 59.43 0.150 0.167 0.183 0.067 0.217 0.238 0.225 
15 59.43 28.30 73.58 36. 79 42.45 53. 77 0.145 0.205 0.171 0.085 0.256 0.256 0.214 
16 53.77 28.30 62.26 31.13 42.45 59.43 0.155 0.177 0.200 0.064 0.227 0.227 0.227 
17 50.94 31.13 59.43 31.13 39 .62 56.60 0.200 0.232 0.253 0.116 0.200 0.174 0.189 
18 53. 77 28.30 65.09 31.13 42.45 62.26 0.167 0.193 0.211 0.105 0.237 0.228 0.219 
19 53. 77 28.30 70.75 33.96 42.45 59.43 0.136 0.202 0.219 0.105 0.219 0.228 0.228 
20 50. 94 28.30 62.26 31.13 42 .45 56 .60 0.l67 0.149 0.193 0.096 0.228 0.219 0.202 

.«', ~ 
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Appendix 6: RWANDA 

REPLICATE Tr I Fml Gnl Tb! Ts! Tr II Fill GnII Tbll Tsll Tr III F1III GnIII TbIII 
-- --------- ~----------- - - - --·------------------- ---------- -- -----------------------------------------------

1 1.00 28.30 79 . 24 28.30 33.96 59 .43 22.64 45.28 31.13 31.13 42.45 25.47 28 .30 42 .45 
2 2.00 28 .30 84.90 28. 30 36. 79 50 .94 28.30 48.11 31.13 31.13 45.28 25.47 28.30 33 .96 
3 3.00 28 .30 87.73 36.79 36 .79 59 .43 25.47 53. 77 28 .30 33.96 42.45 28 .30 28.30 28.30 
4 4.00 28.30 90.56 39.62 45.28 59 .43 28.30 59 .43 28.30 31.13 53.77 25 .47 28.30 36.79 
5 5.00 28.30 84.90 36 .79 39.62 59.43 28.30 59.43 33.96 28.30 45.28 28.30 28 .30 31. 13 
6 6.00 28.30 76.41 42.45 45.28 56.60 25.47 50.94 33.96 28.30 45.28 25.47 28.30 31.13 
7 7.00 28.30 84 .90 28.30 33.96 53. 77 28 .30 53. 77 31 .13 28.30 45 .28 28.30 28.30 31.13 
8 8.00 31.13 84.90 36.79 42.45 59.43 31.13 53.77 31.13 31.13 50.94 25.47 31.13 33.96 
9 9.00 31.13 76 .41 33 .96 39.62 53. 77 28.30 53. 77 28.30 31.13 53 . 77 28.30 31.13 33.96 

10 10.00 25.47 76.41 36 .79 33.96 59.43 28.30 48.11 28.30 31.13 45.28 25.47 31.13 39.62 
11 11.00 28.30 82.07 36.79 39.62 56.60 22.64 45.28 33.96 28.30 48.11 25 . 47 25.47 36.79 
12 12.00 31.13 87.73 42 .45 45.28 56.60 28 .30 59.43 31.13 33.96 48.11 25.47 31.13 33 .96 
13 13.00 28.30 76.41 36 .79 42.45 53. 77 25.47 50.94 31.13 31.13 53.77 22.64 31.13 33.96 
14 14.00 25 .47 70. 75 36.79 42.45 50.94 25.47 56.60 31.13 31.13 48.11 25.47 28 .30 33.96 
15 15.00 28.30 79.24 36.79 39 .62 62.26 28.30 62.26 31.13 31.13 59.43 28.30 31.13 36.79 
16 16.00 28.30 65.09 36.79 42 .45 56.60 28.30 53. 77 31.13 28.30 45.28 28.30 28 .30 36 .62 
17 17.00 28.30 62.26 33.96 39 .62 56 .60 28 .30 50.94 31.13 28.30 42.45 25 .47 28.30 31.13 
18 18 .00 28 .30 79.24 33.96 42 .45 59.43 28.30 56.60 33.96 33.96 45.28 25.47 28.30 33.96 
19 19.00 28.30 84 ,90 33.96 42.45 62.26 28.30 56.60 31.13 33.96 48.11 25.47 31.13 31.13 
20 20.00 28. 30 82.07 33 .96 39.62 62.26 28.30 56 .60 31.13 33.96 50. 94 25.47 31. 13 33.96 

REPLICATE Ts III Tr IV F1IY GnlY Tb IV Ts IV Rll RL2 RLJ RL4 Rdl Rd2 Rd3 
---------------- - -------------- -- - - --~------------- - ------ ----------------- -------------------------

1 50.94 22.64 59.43 33.96 39.62 53. 77 0.090 0.130 0.160 0.080 0.240 0.220 0.220 
2 50.94 25~47 65 .09 33 .96 42.45 50.94 0.068 0.0~3 0.127 0.085 0.233 0.229 0.191 
3 56.60 25.47 62 .26 28.30 42.45 62 .26 0.083 0.149 0.157 0. 074 0.248 0.240 0.240 
4 50.94 25.47 59 .43 36 . .79 33. 96 59.43 0.100 0.136 0.182 0.095 0.227 0.227 0. 209 
5 56.60 28.30 65. 09 33.96 42 .45 62.26 0.092 0.101 0.165 0.119 0.211 0.229 0.211 
6 53. 77 28. 30 62.26 31.13 39.62 62 .26 0.092 0.160 0.160 0.109 0.227 0.210 0.210 
7 53. 77 28 .30 59 .43 31.13 31.13 56.60 0.088 0.124 0.159 0.097 0.247 0.257 0.204 
8 53 . 77 31.13 56 .60 33. 96. 45.28 56.60 0.097 0.105 0.161 0.081 0.242 0.234 0.194 
9 53. 77 28.30 56.60 36.79 42.45 56 .60 0.092 0.124 0.158 0.083 0.233 0.242 0.208 

10 59.43 25.47 62.26 31. 13 42.45 56 .60 0.094 0.137 0.128 0.094 0.248 0.256 0.239 
11 42.45 22 .64 59.43 39.62 39 .62 53 .77 0.120 0.190 0.190 0.110 0.180 0.270 0.230 
12 56 .60 25.47 59.43 31.13 36.79 56 .60 0.081 0.113 0.169 0.081 0.242 0.210 0.161 
13 50.94 28.30 59.43 33.96 39.62 50.94 0.083 0.139 0. 167 0..120 0.222 0.231 0.231 
14 56.60 28 .30 62.26 33.96 42 .45 56.60 0.100 0.127 0.155 0.091 0.173 0.164 0.209 
15 56.60 28 .30 70 .75 31 . 13 42 . 45 56 .60 0. 088 0.124 0.161 0.088 0.204 0.204 0.190 
16 48.11 28.30 59.43 39.62 45.28 56.60 0.120 0.160 0.210 0.120 0.200 0.200 0.200 
17 50.94 22.64 59. 43 33 .96 39.62 56.60 0.110 0.160 0.180 0.110 0.220 0.190 0.180 
18 56".60 25.47 62.26 36.79 42.45 59.43 0.094 0.162 0.154 0.094 0.205 0.171 0.171 
19 59.43 28.30 59.43 36.79 45.28 62.26 0.088 0.159 0.168 0.088 0.221 0.230 0.221 
20 53. 77 28 .30 65.09 36. 79 42.45 59 .43 0.101 0.138 0.165 0.101 0.202 0.229 0.229 

•'. I 
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Appendix 7: TANZANIA 

REPLICATE Tr I Fiil Gnl Tb! Ts I Tr II Fill Gnll Tb II Ts II Tr III F1III GnII I Tb Ill 
-----------------------------------------------------------------------------------------------------------

1 1.00 28.30 70.75 28.30 33 .96 50.94 25.47 50.94 28.30 31.13 33.96 25.47 28 .30 33 .96 
2 2.00 33 .96 67. 92 36 .79 45.28 59.43 25.47 56.60 33.96 31.13 53.77 28.30 31.13 36 .79 
3 3.00 28.30 73.58 33.96 39 .62 48.11 28.30 50.94 31.13 28.30 42.45 25.47 31.13 36. 79 
4 4.00 28 .30 90.56 42 .45 48 . 11 59.43 25.47 50.94 36.79 33 .96 50.94 28.30 33.96 39.62 
5 5.00 31. 13 96.22 45.28 48 .11. 56.60 28.30 59.43 39 .62 31.13 50.94 33.96 39.62 42.45 
6 6.00 28.30 82.07 36.79 45 .28 48.11 25.47 56.60 31.13 28.30 36 .79 22.64 31.13 42.45 
7 7.00 28.30 73.56 36.79 39.62 53.77 25.47 48.11 33.96 31.13 33:96 33 .96 33.96 42.45 
8 8.00 31.13 76.41 42.45 45.28 48.11 28.30 50.94 33.96 33.96 42.45 28.30 33.96 39.62 
9 9. 00 28.30 79.24 39.62 42. 45 53.77 22.64 50.94 28 .30 31.13 42.45 28.30 33 .96 39.62 

10 10.00 28 .30 73.58 36.79 42 .45 56.60 22 .64 45.28 31.13 31.13 42.45 28.30 31.13 39.62 
11 11.00 28.30 73.58 39.62 39 .62 50 .94 22.64 50.94 28.30 28.30 50.94 25.47 28 .30 36.79 
12 12.00 31.13 84.90 42.45 42.45 28.30 25.47 48.11 31.13 28.30 50.94 22.64 28.30 36 .79 
13 13.00 28.30 76.41 45.28 45 .28 59.43 25.47 56.60 33 .96 31.13 39.62 25.47 31.13 42.45 
14 14.00 28.30 79.24 45.28 45 .28 50.94 25. 47 56.60 28 .30 33. 96 45. 28 28.30 31.13 39.62 
15 15 .00 25 .47 79.24 42.45 42 .45 50.94 28.30 50.94 36.79 28.30 45.28 28 .30 31.13 36.79 
16 16.00 28.30 87. 73 45.28 45.28 56.60 25.47 53. 77 31.13 36.79 48.11 25.47 33.96 39.62 
17 17.00 28.30 84.90 42.45 42.45 56.60 25.47 50 .94 28.30 31.13 48.11 28 .30 28.30 39.62 
18 18 .00 28.30 84.90 42.45 42 .45 45 .28 25.47 50.94 31.13 31 .13 48.11 25.47 33 .96 39.62 
19 19.00 28.30 84.90 42.45 42.45 56 .60 22.64 56.60 33 .96 33.96 45.28 25 .47 33.96 39.62 
20 20.00 28.30 84.90 42.45 42 .45 53. 77 22.64 56.60 33 .96 33.96 42.45 28.30 36.79 36.79 

REPLICATE Ts III Tr IV F1IV GnIV Tb IV Ts IV Rll RL2 RL3 RL4 Rdl Rd2 Rd3 
----------------------------------------------------------------------------------------------------

1 36.79 25.47 62.26 31.13 39 .62 42.45 0.124 0.1J4 0.159 0.097 0.195 0.212 0.195 
2 56.60 28.30 73.58 31.13 42.45 62.26 0.072 0.092 0.124 0.085 0.216 0.222 0.196 
3 53.77 25.47 70 .75 33.96 42.45 50.94 0.119 0. 210 0.210 0.114 0.190 0.190 0.181 
4 59. 43 25.47 65.09 33.96 42 .45 62 .26 0.092 0.154 0.177 0.077 0.227 0.223 0.208 
5 59.43 33.96 79.24 33.96 42.45 59.43 0.085 0.131 0.154 0.085 0.215 0.250 0.246 
6 50.94 22 .64 56.60 33.96 45 .28 48 .11 0.095 0.152 0.190 0.095 0.229 0.238 0.210 
7 50.94 25.47 67.92 39.62 39 .62 56 .60 0.065 0.083 0.116 0.094 0.196 0.203 0.188 
8 53. 77 31.13 73.58 39.62 42.45 62 .26 0.064 0.093 0.114 0.093 0.207 0.236 0.215 
9 56.60 28.30 59.43 33.96 42.45 56.60 0.057 0.100 0.114 0.079 0.200 0.200 0.186 

10 53 . 77 28. 30 65.09 31.13 42.45 59 .43 0.092 0.125 0.183 0.092 0.225 0.175 0.192 
11 56.60 31.13 62.26 36. 79 42.45 53 .77 0.072 0.116 0.136 0.088 0.184 0.232 0.216 
12 53. 77 28 .30 59.43 31.13 39.62 56.60 0.0.98 0.106 0.130 0~089 0.179 0.171 0.187 
13 48.11 28 .30 50 .94 33.96 39.62 59 .43 0.089 0.119 0.141 0.096 0.222 0.207 0.222 
14 53 .77 26.64 56 .60 33.96 45.28 59.43 0.086 0.129 0.129 0.112 0.259 0.250 0.207 
15 50.94 28.30 . 59 .43 33.96 42.45 59.43 0.082 0.136 0.182 0.109 0.200 0.200 0.227 
16 53.77 28.30 62.26 33.96 42.45 53. 77 0.085 0.173 0.154 o.a85 0.200 0.185 0.204 
17 50.94 28 .30 59.43 33.96 42.45 53.77 0.122 0.130 0.195 0.106 0.211 0.203 0.228 . 
18 56.60 28 .30 65.09 31.13 42.45 56.60 0.123 0.177 0.177 0.092 0.192 0.231 0.192 
19 50.94 25 .47 70.75 33.96 39.62 56.60 0.114 0.157 0.171 0.086 0.221 0.221 0.229 
20 53. 77 28 .30 59 .43 31.13 39.62 56.60 0.083 0.117 0.150 0.100 0.242 0.221 0.217 
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Appendix 8: UGANDA 

REPLICATE Tr! Fml Gnl Tb! TsI Tr II Fill Gnll Tb II Ts II Tr III F1Ill Gnlll Tb III 
-----------------------------------------------------------------------------------------------------------

1 1.00 25 .47 90 .56 36. 79 45.28 62.26 28.30 39 .62 33.96 31.13 42.45 25.47 28.30 42.45 
2 2.00 31.13 84 .90 45. 28 45.28 56.60 28 .30 53. 77 31.13 28.30 45.28 25 .47 31.13 36.79 
3 3.00 28.30 82 .07 36.79 42.45 59.43 28.30 56.60 31 .13 28 .30 45.28 25 .47 28.30 39 .62 
4 4.00 31.13 87 .73 39 .62 39.62 59.43 25.47 50. 94 33.96 31.13 48.11 25.47 31.13 39.62 
5 5. 00 25.47 93.39 42.45 46.70 · 65.09 28.30 62 .26 39.62 33 .96 53. 77 28.30 31.13 39.62 
6 6.00 31.13 84 .90 42.45 45.28 56.60 28 .30 48.11 31.13 31.13 42.45 28.30 28.30 33 .96 
7 7.00 28.30 90.56 42.45 45.28 59.43 28 .30 56.60 33.96 31.13 50;94 25.47 31.13 39.62 
8 8.00 31.13 90 .56 36. 79 46.70 63.68 28.30 56.60 31.13 33.96 53 . 77 28.30 31.13 42 .45 
9 9.00 28.30 87. 73 39.62 48.11 56.60 31.13 56.60 33.96 33.96 53. 77 28.30 33.96 39 .62 

10 10.00 31.13 79 .24 39.62 39.62 50.94 25.47 56.60 33.96 31.13 39.62 22.64 28 .30 39.62 
11 11.00 31.13 82.07 39 .62 39.62 56 .60 25.47 56.60 33.96 31.13 42.45 22.64 33.96 36.79 
12 12.00 31.13 84.90 36.79 48.11 56.60 31.13 53. 77 31.13 33.96 48 .11 28.30 33.96 39.62 
13 13.00 33.96 87.73 39.62 48.11 56.60 28.30 56.60 33.96 32.55 48.11 28.30 31.13 39.62 
14 14.00 31.13 82.07 42.45 45.28 50.94 28.30 53. 77 33.96 31.13 48.11 28.30 33.96 39 .62 
15 15 .00 31.13 84.90 36.79 48.11 56.60 25.47 53.77 31.13 31.13 48.11 22.64 31.13 39.62 
16 16.00 28 .30 87 .73 39.62 45.28 48.11 28 .30 53.77 33.96 31.13 42.45 25.47 31.13 33.96 
17 17.00 28.30 87.73 42.45 45.28 56.60 28.30 56.60 33.96 33.96 46.70 25.47 31.13 39.62 
18 18 .00 31.13 87 .73 39.62 42.28 53 . 77 28.30 56.60 33.96 31.13 42.45 22.64 33 .96 36 .79 
19 19 .00 36.79 87. 73 39.62 42 .45 48 .11 33.96 56.60 33.96 33.96 45 .28 28.30 36 .79 42 .45 
20 20.00 33.96 90.56 39.62 48.11 53. 77 31.13 59.43 31.13 28.30 45.28 25.47 33.96 42.45 

REPLICATE Ts III Tr IV FalV GnlV Tb IV TsIV RU RL2 RL3 RL4 Rdl Rd2 Rd3 
----------------------------------------------------------------------------------------------------

1 56.60 31.13 70 .75 31.13 45.28 62.26 0.061 0.1~2 0.136 0.082 0.218 0.218 0. 129 
2 56.60 28 .30 67.92 36.79 42.45 62.26 0.095 0.129 0.200 0.095 0.219 0.200 0.210 
3 56.60 28.30 67 .92 31.13 39 .62 59.43 0.138 0.188 0.196 0. 107 0.205 0.214 0.179 
4 56. 60 28.30 65.09 33.96 42. 45 56.60 0.109 0.147 0.178 0.085 0.194 0.264 0.233 
5 62.26 31.13 67.92 33.96 42 .45 65.09 0.098 0.135 0.150 0.086 0.211 0.233 0.256 
6 53 . 77 25. 47 87.07 33.96 42.45 62.26 0.118 0.127 0.173 0.109 0.245 0.255 0.227 
7 56 .60 25.47 67.92 33.96 42.45 62.26 0.091 0.107 0.167 0.103 0.218 0.210 0.183 
B 59.43 25.47 65.09 33 .96 42.45 59 .43 0.086 0.147 0.181 0.121 0.198 0.181 0. 181 
9 62 .26 28 .30 73.58 36.79 48 . 11 65.09 0.119 0.123 0.135 0.092 0.212 0.215 0.208 

10 53. 77 28.30 59.43 32.55 39.62 53. 77 0.110 0.160 0.190 0.120 0.200 0.195 0.240 . 
11 56 .60 33.96 67.92 33 .96 39.62 56 .60 0. 156 0.189 0.233 0.111 0.244 0.267 0.244 
12 56 .60 28.30 70.75 33.96 45.28 62 .26 0. 140 0.130 0.180 0.100 0.215 0.240 0.240 
13 53. 77 25.47 70.75 33.96 42.45 62.26 0.112 0.155 0.164 0:006 0.246 0.250 0.241 
14 56.60 28.30 67. 92 33 .96 39.62 56.60 0.073 0.110 0.156 0.101 0.183 0.284 0.284 
15 59.43 28. 30 62.26 36.79 42 . 5 56 .60 0.080 0. 170 0.205 0.112 0.170 0.179 0.250 
16 45.60 28.30 59.43 31.13 39.62 53.77 0.114 0.136 0.164 0.100 0.245 0.255 0.245 
17 53.77 28.30 67.92 36 .79 42 .45 56 .60 0.120 0.170 0.211 0.101 0.275 0.257 0.220 
18 53~77 28. 30 70.75 33.96 39.62 56 .60 0.100 0.120 0.14-0 0.105 0.230 0.245 0.260 
19 53. 77 25.47 62.26 33.96 42.45 50 .94 0.100 0.160 0.190 0.070 0.250 0.240 0.200 
20 50.94 28 .30 65.09 36.79 42.45 59.43 0.102 0.111 0.116 0.102 0.241 0.259 0.185 

'" I 
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REPLICATE Tr! Fml Gnl Tb! Ts I Tr II F.XI GnII Tb II Ts II Tr III FIIII Gnlll Tblll 
------------------ --- ----~------------------ ------------------------------- ------·-------------------~-----

1 1.00 28.30 79.24 36.79 42.45 53. 77 25.47 50.94 31. 13 28.30 39.62 25.47 33.96 33.96 
2 2.00 28.30 79.24 36.79 39.62 53 .77 25 .47 50.94 31.13 28.30 45.28 28.30 31.13 36.79 
3 3.00 28 .30 82.07 36. 79 39.62 53.77 25 .47 53.77 31.13 28 .30 45.28 25.47 31.13 39.62 
4 4.00 28.30 82.07 36.79 39.62 53 .77 25.47 56.60 31.13 28.30 39.62 28.30 31.13 39 .62 
5 5.00 28 .30 84 .90 36.79 39.62· 50.94 25.47 59.43 31.13 28.30 42.45 28.30 31.13 33.96 
6 6.00 28.30 79.24 36.79 45.28 59.43 25.47 53. 77 31.13 28.30 39.62 28.30 28 .30 36.79 
7 . 7.00 28.30 84.90 36. 79 42.45 56.60 28.30 53. 77 31.13 28.30 45,28 25.47 28.30 36.79 
8 8.00 28.30 82.07 36.79 42.45 56.60 25.47 50.94 33.96 31.13 48.11 25.47 28.30 36.79 
9 9.00 28.30 84.90 39.62 42.45 59 .43 28.30 53. 77 31.13 31.13 48.11 25.47 31.13 36.79 

10 10.00 28.30 82.07 31.13 42.45 59.43 25.47 56.60 31.13 31.13 42.45 25.47 28 .30 42.45 
11 11.00 28 .30 76.41 36.79 42.45 50.94 25 .47 48.11 31.13 31.13 45.28 25.47 31.13 39.62 
12 12.00 28.30 70.75 33.96 39.62 48.11 25.47 56.60 31.13 31 .13 42.45 25.47 28 .30 33.96 
13 13.00 28.30 79.24 36.79 33.96 48.11 28.30 56.60 31.13 31.13 45.28 25.47 31.13 33.96 
14 14.00 28.30 84.90 33.96 42 .45 56.60 25.47 53. 77 31.13 28.30 50.94 25.47 39 .62 42 .45 
15 15.00 31.13 84 .90 36.79 45 .28 56.60 28.30 56.60 31.13 28 .30 50.94 28.30 31.13 42.45 
16 16.00 28.30 79.24 33.96 42.45 59.43 28 .30 59.43 31.13 28.30 48.11 28.30 31.13 33.96 
17 17 .00 28.30 84.90 36.79 42.45 56.60 28.30 53.77 31.13 28.30 45.28 25.47 28.30 36. 79 
18 18 .00 28.30 79.24 36.79 39.62 53.77 25.47 50.94 31.13 28.30 . 48.11 28.30 31.13 36.79 
19 19.00 28.30 82.07 36.79 39.62 53. 77 25.47 56.60 33.96 31.13 42.45 28 .30 39.62 42.45 
20 20 .00 28.30 84.90 39.62 42.45 56.60 25.47 56.60 31.13 31.13 48.11 25 .47 31.13 36. 79 

REPLICATE Ts III Tr IV F1IV GnIV Tb IV Ts IV RU RL2 RL3 RL4 Rdl Rd2 Rd3 
------------------------- - - ---- - -----~------ --------------------------------------------------------

1 48.11 28.30 65.09 31.13 39.62 59 .43 0.088 0.132 0.140 0.096 0.213 0.228 0.199 
2 53. 77 28.30 65.09 31.13 42.45 56.60 0.085 o .11J5 0.146 0.100 0.254 0.254 0.215 
3 48 .11 28.30 56.60 31.13 33 .96 53 .77 0.083 0.092 0.167 0.108 0.233 0.242 0.158 
4 53.77 28.30 59.43 31.13 42 .45 53.77 0.096 0.162 0.174 0.113 0.235 0.252 0.191 
5 53. 77 28 .30 65.09 31.13 42.45 59.43 0.105 0.124 0.143 0.124 0.267 0.286 0.200 
6 50.94 28 .30 59.43 31.13 42. 45 53 . 77 0.099 0.134 0.179 0.116 0.250 0.152 0.152 
7 53. 77 25.47 67. 92 31.13 42.45 56.60 0.096 0.130 0.183 0.104 0.252 0.243 0.243 
8 48 .11 28.30 59.43 33.96 ·42.45 56.60 0.074 0.099 0.182 0.099 0.248 0.248 0.207 
9 50.94 28 .30 67.92 33.96 42.45 59.43 0.084 0.134 0.168 0.101 0.252 0.252 0.218 

10 45.28 31.13 65.09 36.79 42.45 59.43 0.076 0.144 0.159 0.083 0.235 0.250 0.235 . 
11 53. 77 28.30 70.75 33.96 42.45 62.26 0.098 0.146 0.171 0.130 0.220 0.260 0.195 
12 45.28 25.47 62 .26 31.13 42.45 56 .60 0.097 0.121 0.153 0.097 0.234 0.225 0.225 
13 45 .28 28.30 67.92 31.13 42.45 59.43 0.083 0.117 0.142 0:133 0.242 0.242 0.223 
14 56.60 28.30 56.60 31.13 42.45 56.60 0.092 0.117 0.133 0.100 0.250 0.250 0.208 
15 56.60 25.47 67.92 33.96 42.45 56.60 0.136 0.127 0.191 0.091 0.245 0.273 0.209 
16 53 . 77 25.47 65.09 31.13 39.62 53. 77 0.091 0.136 0.191 0.109 0.227 0.227 0.200 
17 53 . 77 25.47 67. 92 31.13 42 .45 56.60 0.105 0.114 0.184 0.091 0.219 0.246 0.211 
18 53,77 28.30 65.09 31.13 42.45 56.60 0.071 0.126 0.142 0.079 0.213 0.220 0.205 
19 56.60 28.30 67.92 31.13 42.45 59.43 0.093 0.127 0.169 0.102 0.254 0.263 0.237 
20 56.60 28.30 67.92 31.13 42.45 56.60 0.084 0.121 0.187 0.092 0.271 0.280 0.252 

.ii:', ; 
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Appendix 10: ZANZIBAR 

REPLICATE Tr! Fn1I Gnl Tbl Ts! Tr II Fall Gnll Tb II Tsll Tr III fllll GnIII Tb III 
-----------------------------------------------------------------------------------------------------------

1 1.00 31.13 79 .24 33.96 39.62 48.11 28.30 48.11 31.13 28 .30 42.45 25.47 28.30 33.96 
2 2.00 31.13 79.24 39.62 45.28 53 . 77 25.47 56.60 33.96 31.13 42.45 28.30 31.13 39.62 
3 3.00 31.13 82 .07 36.79 48.11 59.43 28.30 56.60 33.96 31.13 48.11 25.47 31.13 39.62 
4 4.00 31.13 84 .90 39.62 45.28 53.77 25.47 53. 77 33.96 31.13 42.45 28.30 31.13 39.62 
5 5.00 28.30 76 .41 36.79 39.62 . 45 .28 25.47 50.94 33.96 31.13 36.79 22.64 31.13 33.96 
6 6.00 31.13 79.24 36.79 45.28 50.94 28.30 50.94 31.13 31.13 39.62 22.64 31.13 39.62 
7 7.00 28.30 82.07 36.79 48.11 59.43 28.30 50.94 31.13 31.13 48 , 11 28.30 31.13 36.79 
8 8.00 31.13 84 .90 39.62 45.28 59.43 28.30 56.60 33.96 28.30 39.62 31.13 33.96 39.62 
9 9.00 28 .30 82.07 36.79 39.62 53 . 77 25.47 56 .60 36. 79 31.13 42.45 22.64 33.96 39.62 

10 10.00 28.30 79.24 38.21 39.62 48 .11 28.30 56.60 31.13 28.30 39.62 31.13 31.13 36 .79 
11 11.00 33.96 76 .41 36.79 39.62 56.60 28.30 48.11 33.96 31.13 39.62 22.64 31.13 39.62 
12 12.00 31.13 73.58 36.79 39.62 56.60 25.47 56.60 33.96 31.13 39.62 28.30 31.13 36.79 
13 13.00 28.30 84 .90 38.21 45.28 56 .60 25 .47 59.43 31.13 31.13 45.28 28.30 31.13 39.62 
14 14 .00 28.30 79.24 33.96 42.45 53. 77 25.47 53. 77 31.13 31.13 42.45 25.47 31.13 36.79 
15 15.00 31.13 84.90 39.62 45.28 59.43 28.30 56.60 33.96 33.96 42.45 28.30 33.96 39.62 
16 16.00 31.13 79.24 33.96 42 .45 48.11 28.30 53. 77 33.96 31.13 42. 45 28.30 31.13 33.96 
17 17.00 28.30 84.90 33.96 45.28 53. 77 28.30 50.94 31.13 31.13 42.45 25.47 31.13 31.13 
18 18.00 31.13 87.73 33.96 36.79 56.60 25.47 53. 77 31.13 31.13 42.45 25.47 33.96 36.79 
19 19.00 28.30 84.90 33. 96 39.62 56 .60 28.30 53.77 31.13 31.13 39.62 28 .30 33.96 39.62 
20 20.00 28.30 87. 73 33 .96 36.79 56 .60 28.30 53.77 31.13 31.13 48.11 28.30 31.13 39.62 

REPLICATE Ts!II Tr IV F11IV GnIV Tb IV Ts IV Rll RL2 RL3 RL4 Rdl Rd2 Rd3 
----------------------------------------------------------------------------------------------------

l 48 .11 28.30 65.09 33.96 36 .79 56 .60 0.139 0.1~9 0.172 0.098 0.246 0.230 0.205 
2 53. 77 28.30 62.26 31.13 45.28 56 .60 0.104 0.162 0.169 0.085 0.223 0.215 0.208 
3 50.94 28.30 67. 92 33. 96 42.45 56.60 0.136 0.176 0.176 0.096 0.184 0.248 0.192 
4 56 .60 28.30 56.60 31.13 42.45 56.60 0.114 0.159 0.174 0.091 0.197 0.227 0.189 
5 45.28 25.47 56.60 31.13 39.62 48.11 0.170 0.205 0.196 0.098 0.259 0.232 0.241 
6 53. 77 25.47 59.43 33.96 42.45 62.26 0.132 0.157 0.198 0.099 0.223 0.240 0.207 
7 50.94 28.30 65.09 31.13 45 .28 59.43 0.151 0.184 0.175 0.111 0.198 0.222 0.222 
8 56.60 31.13 59.43 33.96 '42.45 50.94 0.118 0.185 0.210 0.101 0.202 0.210 0.202 
9 50.94 28. 30 56.60 31.13 39.62 48.11 0.125 0.188 0.205 0.107 0.205 0.232 0.196 

10 53. 77 28.30 62.26 33.96 39.62 56 .60 0.102 0.161 0.178 0.093 0.229 0.262 0.220 . 
11 56.60 28.30 67.92 33.96 45.28 62.26 0.151 0.167 0.175 0.103 0.246 0.278 0.167 
12 53. 71 31.13 65.09 33.96 45.28 53. 71 0.128 0.176 0.152 0.096 0.224 0.224 0.200 
13 53. 77 28.30 62.26 31.13 42.45 59.43 0.098 0.165 0.165 0:083 0. 211 0.226 0.211 
14 53. 71 25.47 62.26 33.96 42.45 59.43 0.162 0.179 0.197 0.094 0.231 0.231 0.197 
15 50.94 28.30 . 67. 92 36.79 42.45 53. 77 0.096 0.139 0.165 0.104 0.235 0.226 0.226 
16 42.45 28.30 62.26 33.96 39.62 53. 77 0.138 0.198 0.198 0.103 0.233 0.241 0.172 
17 56.60 28 .30 56.60 33.96 42.45 59 .43 0.128 0.1 68 0.168 0.080 0.232 0.232 0.184 
18 50:94 28.30 70.75 31.13 39.62 53 . 77 0.160 0.220 0.250 0.100 0.220 0.240 0.180 
19 53. 77 28.30 70 .75 33.96 42.45 56.60 0.179 0.188 0.196 0.107 0.205 0.232 0.196 
20 53. 77 31.13 56.60 28.30 42.45 56.60 0.137 0.169 0.169 0.113 0.242 0.242 0.202 
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Appendices 11-13: Measure1ents (~•) on i11ature stages of Mononychellus spp·fro1 5 localities in Kenya. 

Appendix 11: Larva 

REP BL BW H Pl P2 P3 Dl D2 D3 D4 D5 Ll L2 L3 L4 
--------------------------------------------------------------------------------------------------------------

113 .20 104.71 16 .98 25 .47 42.45 36.W 22.64 28.30 31.13 19.81 8.49 33.96 33.96 25.47 5.66 
2 144 .33 133.01 36.79 28.30 50.94 42.45 39.62 31.13 42.45 36.79 19.81 42-. 45 45.28 48.11 25.47 
3 113.20 118 .86 25.47 25.47 42.45 25.47 36. 79 28.30 36. 79 28.30 8.49 28.30 36.79 39.62 12.74 
4 135.84 118. 86 31.13 22.64 33.96 39.62 39.62 33.96 36.79 36.79 11.32 36. 79 42.45 39.62 16.98 
5 135.84 127.35 25 .47 31.13 48.11 39.62 36.79 31.13 28.30 31.13 11.32 36.79 39 .62 45 .28 14.15 
6 121. 69 107.54 28 .30 33. 96 36.79 33 .96 28.30 28.30 39 .62 36 .79 11.32 33.96 39.62 39.62 16.98 
7 118.86 107.54 28.30 36.79 39.62 39.62 28 .30 25.47 36.79 31.13 11.32 36 .79 39.62 33.96 14 .15 
8 118.86 104.71 28.30 36.79 33.96 33.96 28.30 33.96 36.79 36.79 11.32 33.96 39.62 33.96 14 .15 
9 125.35 107.54 31.13 42.45 36.79 36. 79 33.96 42.45 36. 79 33.96 11.32 31.13 31.13 33.96 14 .15 

10 118. 86 110 . 37 25.47 36.79 31.13 31.13 28.30 31.13 36.79 31.13 8.49 31.13 33.96 33.96 11.32 
11 138.67 118. 86 31.13 31.13 36.79 53. 77 25 . 47 36.79 45.28 31.13 11.32 39.62 42 .45 28.30 19.81 
12 135.84 113. 20 28.30 33. 96 43.87 38 .21 25.47 28.30 33 .96 39.62 11 .32 38.21 36.79 41.04 16.98 
13 124.52 133.01 22.64 36.79 42.45 28 .30 22 .64 28.30 . 42.45 42.45 11.32 33.96 45.28 48.11 16.98 
14 147.16 118.86 31. 13 39.62 48.11 39.62 28 .30 31.13 50.94 42 .45 14 .15 33.96 45.28 48.11 25.47 
15 121. 69 124 .52 25 .47 31.13 48.11 39 .62 36.79 31.13 28.30 31.13 11.32 36.79 39.62 39 .62 14.15 
16 133.01 110 . 37 28 .30 42.45 36 . 79 33.96 31.13 33.96 36.79 33.96 8.49 32.35 33.96 33.96 12.74 
17 141. 50 113.20 39.62 42.45 36.79 31.13 31.13 31.13 36 .79 28.30 8.49 42.45 39.62 31.13 14.15 
18 133.01 118 .86 25.47 36. 79 45.28 36.79 33.96 31.13 33 .96 36.79 11.32 42.45 42.45 42.45 16.98 
19 135.84 116 .03 31.13 39.62 39 .62 36. 79 33.96 33.96 36 .79 36.79 11.32 39.62 42.45 42.45 16;98 
20 149.99 113. 20 39 .62 36. 79 31.13 39.62 36.79 36.79 3~.62 33.96 11.32 39.62 36.79 39 .62 16.98 
21 101. 88 107 .54 28.30 39 .62 45 . 28 33.96 28.30 36 .79 4 .45 36.79 11.32 33 .96 39.62 33.96 19.81 
22 113. 20 104.71 36.79 36.79 45. 28 39.62 31.13 36 .79 36.79 39 .62 8.49 42.45 42 .45 39.62 16.98 
23 113. 20 110.37 28 .30 33. 96 46.70 38.21 33.96 39.62 42 .45 33.96 8.49 32.55 36.79 36.79 19.81 
24 121. 69 130 .18 36. 79 33. 96 36 . 79 39.62 33.96 33 .96 42.45 35.38 11 .32 35 .38 48.11 48.11 14.15 
25 104.71 101.88 31.13 39 .62 45 .28 33.96 28.30 33 .96 33.96 28.30 11.32 33.96 39.62 33.96 19.81 
26 124. 52 110.37 28.30 41.04 39. 62 45. 28 33.96 36 . 79 36.79 39.62 11.32 36.79 48.11 45.28 19.81 
27 124.52 110.37 39.62 42.45 48.11 42.45 42.45 42.45 45.28 33.96 11.32 42.45 42.45 39.62 16.98 
28 141. 50 101.88 33 .96 42 .45 45.28 45.28 39.62 42.45 39.62 33.96 11.32 42. 45 39.62 39.62 14.15 
29 155 .65 113. 20 36.79 39.62 45.28 42.45 31.13 36.79 36.79 24.47 8.49 39.62 42.45 39 .6'2 16.98 
30 135 .84 96.22 33.96 39.62 45 .28 42.45 31.13 36 .79 42.45 33.96 8.49 42. 45 42.45 36.79 19.81 
31 121. 69 127.35 33. 96 36 .79 45.28 31.13 25.47 33.96 36. 79 33.96 14.15 31.13 42 .45 42.45 24.06 
32 107.54 107. 54 22.64 42 .45 45.28 33.96 19.81 35 .38 39.62 36.79'11.32 22.64 42.45 39.62 11.32 
33 116.03 113. 20 28.30 33.96 46.70 36. 79 39.62 36.79 36.79 33.96 8.49 32.55 36.79 36.79 19.81 
34 133 .01 130 .18 31.13 33.96 45.28 28.30 33.96 45 .28 45.28 31.13 14.15 38 .21 39.62 42.45 18.40 
35 113 . 20 121. 69 25.47 25.47 42.45 25.47 28.30 36.79 36.79 28.30 8.49 28 .30 36.79 39.62 14 .15 
36 135 .84 107. 54 33 .96 36.79 42.45 39.62 28.30 39 .62 39.62 33.96 11.32 36.79 39.62 31.13 14.15 
37 116.03 lfll.88 33.96 36.79 42.45 39.62 31.13 33.96 33.96 33.96 8.49 36 .79 31.13 31.13 14.15 
38 127 .35 107.54 33.96 45.28 45.28 42.45 42.45 39.62 39 .62 33.96 8.49 39.62 39.62 36.79 14.15 
39 130.18 110.37 31.13 39.62 42.45 36.79 42.45 41.04 41. 04 35.38 11.32 42.45 42.45 39 .62 14 .15 
40 135.84 113. 20 33 .96 36 .79 45.28 33.96 41.04 39.62 39.62 36.79 9.91 36.79 39.62 39.62 16.98 
41 127.35 113 . 20 31.1 3 45. 28 36.79 33 .96 33 .96 33.96 33.96 33.96 14.15 36.79 42.45 31.13 16 .98 
42 118. 86 99.05 31.13 48. 11 31.13 33.96 33.96 39 .62 39.62 42.45 11.32 31 .13 42.45 .39.62 14.15 
43 127.35 127.33 31.13 33. 96 45 .28 39.62 31.13 36.79 36.79 36.79 11 .32 36 .79 43.87 45.28 16.98 
44 141. 50 124.52 31.13 39 .62 45.28 42. 45 33 .96 39 .62 39.62 36.79 11 .32 39.62 48.11 45.28 14.15 
45 138.67 124.52 31.13 33.96 41.04 33 .96 31.13 33.96 33.96 33.96 8.49 36 .79 42.45 39.62 11.32 
46 147 .16 141. 50 31.13 36 .79 45.28 33 .96 .36.79 33.96 33.96 36.79 16.98 36.79 42.45 42 .45 22.64 
47 127.3~ 133.01 28 .30 33.96 45.28 42. 45 31.13 36.79 36 .79 33.96 11.32 39.62 39.62 42 .45 16.98 
48 141. 50 113.20 28 .30 ~.1q 42.45 39.62 31.13 36.79 36.79 33.96 11.32 36.79 42.45 42 .45 16.98 
49 138 .67 133.01 28. 30 28.30 43.87 39. 62 31.13 36.79 36.79 38 .21 8. 49 36 .79 39 .62 45.28 14.15 
50 135.0-1 133.01 25. 47 39 .62 42.45 36. 79 31.13 39.62 39.62 33.96 11.32 36 .79 36 .79 39.62 14.15 



- 154 -

Appendix 12: Protonymph 

REP BL BW H Pl P2 P3 Dl D2 D3 D4 D5 Ll L2 L3 L4 
--------------------------------------------------------------------------------------------------------------

1 141. 50 138.67 31.13 31.13 39.62 35.38 19.81 28.30 36.79 36.79 14 .15 28.30 39 .62 42.45 19.81 
2 192.44 161.31 32.55 33.96 36.79 35.58 19.81 28 .30 31.13 39.62 14.15 33.96 42.45 45.28 25.47 
3 155.65 147.16 31.13 36.79 36. 79 36.79 22.64 28.30 31 .13 41.04 11.32 33.96 36.79 50. 94 25 .47 
4 147 .16 141. 50 33 .96 31.13 39.62 39. 6'2 22.64 19.81 19.81 28.30 11.32 28.30 22.64 28.30 22.64 
5 175.46 149.99 39:62 39 .62 42.45 45.28 25.47 25.47 28.30 33.96 19.81 42'.45 53. 77 53 .77 25 .47 
6 175.46 138.67 36.79 39 .62 42.45 31.13 22.64 28.30 28.30 39.62 11.32 31.13 48.11 48.11 25 .47 
7 152.84 130 .18 31.13 31 .13 33.96 33.96 16.98 28.30 28.30 42.45 9. 91 31.13 39.62 42.45 25.47 
8 147 .16 135.84 33.96 36.79 31.13 36.79 22 .64 28.30 33.96 42.45 14 .15 36 .79 50.94 42.45 22.64 
9 166.97 141. 50 31.13 39.62 36.79 39.62 19.81 22 .64 33.96 42.45 16.98 33.96 39.62 48.11 14.15 

10 158.48 116. 03 42 .45 33.96 36. 79 36. 79 19.81 19.81 28.30 42.45 14 .15 39.62 45.28 48.11 19.81 
11 138.67 141. 50 28.30 31.13 38.21 31.13 25.47 22.64 25.47 49.53 11.32 36.79 41.04 49.53 22.64 
12 169.80 155.65 31.13 36.79 48.11 36 .79 25.47 22.64 31.13 48.11 11.32 39.62 50.94 53. 77 19.81 
13 155.65 152.82 36 .79 36.79 36.79 36 . 79 22 .64 22.64 29. 72 52.36 16 .98 48.11 49.53 56.60 25.47 
14 135.84 147 . 16 33.96 33.96 33.96 33.96 16.98 25.47 25.47 45 .28 11.32 39.62 39.62 45.28 25.47 
15 175.46 141. 50 33 . 96 33.96 36.79 39 .62 19.81 28.30 31.13 42 .45 14 .15 36 .79 53. 77 42.45 22.64 
16 169.80 133.01 36. 79 36. 79 48.11 45.28 28.30 25.47 33.96 48 .11 11.32 42.45 53.77 50.94 28.30 
17 186.78 152 .82 31.13 31.13 36 . 79 31.13 22.64 31.13 31.13 45.28 14.15 36.79 50.94 50.94 22.64 
18 161. 31 124 .52 36 .79 31 .13 36. 79 36. 79 22.64 26.89 31.13 48.11 14.15 42.45 53. 77 53.77 22.64 
19 172 .63 141. 50 33 .96 36.79 42 .45 33.96 25.47 28.30 31 . 13 45.28 11.32 45.28 53. 77 53.77 14.15 
20 178.29 138.67 33. 96 36.79 39.62 39.62 25.47 31.13 39.62 39.62 14.15 42.45 50.94 48.11 16.98 
21 161. 31 144 .33 28 .30 36.79 56.60 53.77 31.13 33.96 33.96 45.28 22.64 45.28 45.28 45.28 28.30 
22 147.16 135.84 31.13 36.79 33.96 38.21 31.13 28.30 39.62 39.62 16.98 33 .96 48 .11 48.11 33.96 
23 206.59 172 .63 31.13 36.79 31.13 36. 79 22 .64 28.30 31.13 39 .62 16.98 42.45 50.94 50.94 22.64 
24 206.59 169.80 33.96 36.79 48 .11 36.79 22.64 25.47 31.13 42. 45 16.98 36.79 42.45 45.28 28.30 
25 198.10 17Z. 63 33.96 36.79 53.77 36.79 36. 79 28.30 45.28 48.11 19.81 36.79 53.77 50.94 22.64 
26 183.95 152.82 39 .62 36. 79 48.11 39.62 28.30 33.96 39.62 39.62 19.81 48.11 50 .94 48.11 22.64 
27 200.93 164 .14 39.62 33. 96 50 .94 39.62 33.96 33 .96 36.79 42.45 19.81 50.94 50.94 48.11 22.64 
28 217.91 144 .33 32.55 33.96 50 .94 42.45 36.79 42.45 39.62 39.62 16.98 45.28 53.77 48.11 25.47 
29 206.59 169.80 39.62 36.79 56.60 42.45 31.13 33 .96 46. 70 45.28 16.98 50.94 53 . 77 48.11 25.47 
30 203.76 144. 33 39.62 36 . 79 50.94 42.45 36.79 33.96 45.28 45.28 14.15 45 .28 53. 77 49.53 25.47 
31 186. 78 147.16 33.96 33.96 45 .28 39 .62 28.30 28.30 36.79 48 .11 14.15 42 .45 50 .94 53. 7.7 25 .47 
32 164 .14 141. 50 28.30 42. 45 39 .62 39.62 28.30 28.30 36.79 50.94 11.32 33.96 53.77 53. 77 25 .47 
33 164.14 135.84 28 .30 33. 96 36.79 39.62 25.47 25.47 31.13 45.28 11.32 33.96 50 .94 31.13 28.30 
34 189.61 141.50 33.96 33.96 52 .36 41.04 33.96 31.13 45.28 48.11 .18.40 45 .28 48 .11 53.77 19.81 
35 189.61 147 . 16 31.13 33 .96 50.94 39.62 33.96 39.62 39.62 33.96 11.32 45.28 53. 77 45.28 19.81 
36 141.50 133.01 33.96 33.96 42 .45 33.96 31.13 31.13 36.79 33 .96 14.15 39.62 48.11 45.28 16.98 
37 186.78 149.99 33.96 33.96 48 .11 33.96 31.13 33.96 42 .45 42 .45 11.32 50.94 53.77 42.45 16.98 
38 186.78 144.33 39.62 33 .96 50.94 33 .96 32.55 41.04 42.45 42.45 14.15 42.45 53.77 48 .11 19.81 
39 206.59 152.82 36.79 42 .45 50.94 42 .45 31.13 33.96 39 .62 39.62 22 .64 48.11 58.02 56.60 28 .30 
40 166.97 149.99 33.96 33 . 96 42.45 39.62 25.47 28.30 36. 79 33.96 14.15 45 .28 50.94 48.11 19.81 
41 189.61 130.18 33.96 31.13 42.45 33.96 28.30 28.30 28.30 42.45 15.57 22.64 25.47 33.96 19.81 
42 203. 76 164.14 31 .13 33.96 41.04 36 .79 33 .96 28.30 36.79 36. 79 14.15 33.96 50.94 48.11 16.98 
43 149.99 155.65 25. 47 31.13 45.28 31.13 31.13 33.96 39.62 45.28 14.15 36.79 48.11 42.45 19.81 
44 192 .44 158.48 31.13 33.96 45.28 36.79 25.47 25 .47 25.47 45.28 16.98 42 .45 48.11 50.94 19.81 
45 164 .14 155.6'5 28.30 33.96 48.11 33.96 22.64 33.96 31.13 48.11 14 .15 42.45 33.96 

0

45.28 22.64 
46 181.12 138.67 31.13 42 .45 42.45 32.55 25.47 25 .47 48.11 36.79 14.15 36.79 46 . 70 45.28 19.81 
47 181.12 161.31 28 .30 33. 96 48.11 33.96 24.06 24.06 36.79 42.45 14.15 32.55 46.70 36.79 16.98 
48 166.97 130 .18 28 .30 31.13 48.11 36. 79 25.47 25.47 36. 79 36.79 11.32 35.38 42.45 42.45 19.81 
49 169.80 141. 50 33.96 33.96 42.45 36.79 31.13 32.55 39.62 36.79 11.32 3~.96 42.45 42.45 19.81 
50 164 .14 152.82 31.13 3.1.ll 42.45 33.96 28.30 31.13 42.45 33.96 12. 74 38.21 39.62 43 .87 16.98 
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Appendix 13: Deuto ny mph 

REP BL BW H Pl P2 P3 Dl D2 D3 D4 DS L1 L2 L3 L4 
-------------------- ------------------------------------------------------------------------------------------

1 311. 30 220.74 39.62 39.62 50.94 42.45 31.13 39.62 46.70 50.94 22.64 49 .51 59.43 59.43 31.13 
2 215.08 175.45 45.28 39.62 42 .45 48.11 25.47 25.47 28.30 50.94 22.64 38.21 56.60 53. 77 25.47 
3 294.32 220.74 45 .28 42.45 45.28 48 .11 25.47 28.30 36.79 53. 77 25.47 50.94 42.45 56.60 31.13 
4 203.76 189.61 42 .45 42.45 48 .11 45.28 25.47 25 .47 25.47 45.28 25.47 31.13 36.79 48.11 28.30 
5 189.61 175.46 33.96 50.94 48.11 45.28· 25.47 28.30 33.96 53. 77 14.15 48.11 36.79 '56.60 28.30 
6 217 .91 166.97 42.45 39 .62 48.11 50.94 25 .47 25.47 33.96 56.60 14.15 39.62 53. 77 56.60 25.47 
7 198 .10 141. 50 36. 79 39.62 42.45 33.96 25.47 31.13 39.62 42.45 22 .64 36.79 56.60 33.96 25.47 
8 217.91 101. 88 39.62 42.45 39.62 45.28 19.81 22.64 28.30 48.11 19.81 ll.13 48.11 59.43 25.47 
9 175.46 147 .16 33 .96 42 .45 36.79 39.62 31.13 36.79 42.45 39.62 19.81 33.96 42.45 45.28 22.64 

10 198.10 141. 50 31.13 36.79 39 .62 28.30 19.81 19.81 28.30 50.94 19.81 22.64 42.45 50.94 28 .30 
11 302.81 212.25 50.94 48.11 45.28 49.53 22.64 28.30 31.13 59.43 24. 06 48.11 67.92 70.75 33.96 
12 204.89 198 .10 41.04 39.62 48.11 45.28 25.47 25.47 22.64 56 .60 31 .13 50.94 42.45 56.60 29.72 
13 166.97 135.84 39 .62 33.96 43.87 36.79 25.47 25.47 28.30 50.94 19.81 31.13 39.62 48.11 25.47 
14 192. 44 152.82 36.79 31.13 31.13 39.62 25.47 25.47 45.28 45.28 14. 15 36.79 48.11 45.28 22.64 
15 209 .42 164.14 33 .96 36.79 36.79 36.79 25.47 22.64 42 .45 36.J.9 19.81 39.62 50.94 50.94 22.64 
16 186.78 149.99 39 .62 39.62 42 .45 42.45 22.64 25.47 33.96 48.11 16.98 42.45 53.77 50.94 19.81 
17 189.61 141.50 39.62 31.13 45 .28 33.96 22.64 28.30 39.62 45 .28 14.15 39.62 50.94 53.77 22.64 
18 240.55 186.78 45.28 36. 79 59.43 50.94 28.30 31.13 50 .94 53.77 22.64 59.43 62 .26 62 .26 28.30 
19 297.15 200.93 48 .11 45.28 45.28 48.11 22.64 28.30 31.13 59 .43 22.64 48.11 56.60 59.43 33.96 
20 234.89 198 .10 39 .62 39.62 48.11 45 .28 28.47 25.47 28.30 50.94 19.81 31.13 39.62 48.11 25.47 
21 220.74 186.78 39.62 36.79 53 . 77 39.62 33.96 33.96 48.11 48.11 22.64 39.62 56.60 62.26 31.13 
22 288.66 209.42 43.87 42.45 62.26 50.94 25.47 45.28 50.94 62 .26 22.64 56.60 62.26 65.09 33.96 
23 266.02 198.10 42.45 43.87 65.09 39 .62 31.13 33.96 28.30 48 .11 28.30 53.77 59.43 62.26 31.13 
24 266.02 200.93 50.94 42.45 62.26 48.U 28.30 36.79 45.28 59.43 28.30 56.60 56 .60 67.92 33.96. 
25 198.10 175.40 39.62 48.11 33 .96 48 .11 22.64 25.47 29.30 53. 77 28.30 48.11 42 .45 56.60 28.30 
26 280 .10 212.25 50.94 45.28 70.75 56 .60 31.13 38.21 45.28 62.26 14.15 59.43 70.75 65.09 33.96 
27 308.47 226 .40 39.62 42.45 62.26 53 . 77 28.30 36.79 33 .96 59 .43 25.47 56.60 62 .26 65.09 33.96 
28 268.85 200.93 45.28 36.79 59.43 42.45 36 .79 36.79 42.45 50.94 28.30 50 .94 62.26 62.26 28.30 
29 297 .15 220. 74 48 .11 42.45 62.26 50.94 28.30 31.13 42.45 59.43 25.47 53.77 65 .09 67.92 33.96 
30 302.81 212.25 48.11 42 .45 65.09 50.94 31.13 36.79 48.11 59.43 28.30 56.60 59.43 62.26 31.13 
31 203.76 169.80 39.62 38.21 45.2Q 39.62 25.47 28.30 33.96 45.28 21.23 39 .62 48 .11 53. 77 22.64 
32 203.76 175 .46 33 .96 36. 79 42;45 36.79 19.81 28.30 38.21 39.62 14.15 33.96 48.11 48.11 22.64 
33 198.10 189.61 39.62 39.62 53. 77 39.62 33.96 33.96 36 .79 45.28 22.64 33.96 48.11 53.77 25.47 
34 178.29 155.65 42.45 39.62 33.96 36.79 25.47 19.81 31.13 53 . 77 22.64 39.62 48.11 56.60 25.47 
35 169.80 158.48 45.28 39.62 45.28 50.94 25.47 28.30 36.79 39.62 22.64 31.13 39.62 48.11 25.47 
36 209 .42 178 .29 33 .96 36.79 36.79 42.45 28.30 25.47 42 .45 42.45 22.64 39 .62 48 .11 50 .94 22 .64 
37 234.89 172.63 45 .28 36. 79 45 .28 42 .45 19.81 25.47 25.47 48.11 16.98 31.13 53. 77 59.4~ 25.47 
38 263 .19 186 .18 39.62 42 .45 59.43 45 .28 33.96 .35. 96 42.45 53. 77 25.47 56.60 59.43 59.43 28.30 
39 209.42 149.99 36 . 79 36.79 36.79 42.45 25.47 25.47 33.96 39.62 22.64 35.38 45.28 48.11 19.81 
40 198.10 189.61 39.62 39.62 53. 77 39.62 33 .96 33.96 36.79 45.28 22.64 33.96 48.11 53. 77 25.47 
41 220 .74 169.80 38.21 36.79 42 .45 42.45 25.47 25.47 33.96 53.77 14.15 50. 94 56.60 62.26 25.47 . 
42 251.87 178.29 33.96 36.79 41.04 36.79 22.64 24.06 25.47 50.94 19.81 31.13 50.94 53. 77 28.30 
43 237.72 183.95 31.13 39.62 48.11 39 .62 19 .81 25 .47 22.64 53. 77 14.15 36.79 42.45 53.77 25 .47 
44 260.36 200. 93 39.62 39.62 45.28 45.28 25.47 25.47 35 .38 53. 77 25.47 28.30 48.11 53. 77 31.13 
45 254.70 186.78 28.30 39.62 45.28 45.28 28.30 31.13 31 .13 53.77 25.47 39.62 42.45 53. 77 31.13 
46 271. 68 178.29 33.96 41.04 42.45 43.87 25.47 25.47 33.96 48.11 25.47 39.62 45.28 56.60 31.13 
47 212.25 178.29 33.96 39 .62 48 .11 36.79 22.64 25.47 28.30 42.45 14.15 31.13 39.62 48.11 25.47 
48 226.40 181.12 33 .. 96 39.62 45.28 36.79 22.64 25.47 25.47 50.94 22.64 28.30 53.77 52.36 31.13 
49 260.36 198.10 36.79 36.79 42 .45 42.45 28.30 25. 47 28.30 53. 77 25 .47 36.79 48.11 59.43 25.47 
50 257.53 192 .44 36.79 33.96 42 .45 39.62 22.64 24.06 33.96 53.77 25 .47 33.96 52.36 59.43 31.13 

•.. I 

~: 

1 - 10 Mbi ta Point Field Station; 11 - 20 Rusinga Island; 21 - 30 l101basa; 

31 - 40 Homa-Bay; 41 - 50 E&1bu. 
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Appendix 14. Cluster analysis based on variables and 200 OTUS 

?IM.Il.: .. B .. RJ.T..Y ..... l.:.f: Y.J:::L, ........ :=. ....... :L, .. 99 .... Li ..... <?..1.Y .. ? .t.E?..t: .. ) 

Cluster 1: 2 OTUS - 187 (ZAM), 197(ZAM ) . 

Unclustered: 198 OTUS 

Cluster 1: 2 OTUS - 182(ZAM); 198(ZAM). 

2: 2 -· 187(ZAM) ; 197(ZAM). 

Unclustersd : 196 " 

$.J M.I.l.::BJU.I.Y ... b.g:Y.~l.:: ... .Q _,__7_9 ..... L4 ....... .9..1l.l.?_t.E?.t:.?J ... ,. 

Cluster 1: 2 OTUS 102(ZAN) ; 104(ZAN). 

2: 130(.TAN); 155(CAM). 

3: U32(ZAM); 198(ZAM)., 

.lff7(ZAM); 197( ZAM). 

Unclusten:;d '. l 9~?. UTUS. 

? .. I.t1J.b .. fl.B.I..T.Y ........ l.::.!:::.Y.g __ l.:: ........ =.=:.9. .. , ... 9..Q ...... ..C...:l:: .. ! ....... G .. 1.l::l .. ?. .. t..~ .. r..?.J. .. , .. 

Cluster 1 : 12 OTUS-3(NIG); 19(NIG); 70(BUR); 84(BUR); 9S(GHA) 

97(GHA); 102(ZAN)'; 104(ZAN); 

113(ZAN); 130(TAN); 136(TAN) 

155(CAM) 

2: 2 OTUS - 18(NIG); 122(TAN). 

3: 2 54 ( UGA); 68(BUR). 

4 :. 4 73(8UR); 138(TAN); 189( ZAM); 200( ZAM). 

5: 2 74(BUR); 159(CAM). 

6 : 3 78(BUR); 142(CAM); 143(CAM). 

" 
,., I 

90( GHA); 154(CAM). 7 ~ 2 -

8 : r) 
L. 114(ZAN); 157(CAM). 
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9 : ? 119(ZAN); 120(ZAN). 

10: 4 175(RWA); 182(ZAM); 185(ZAM); 198(ZAM) 

11 : 2 187 ( ZAM) ; 197 (ZAM) . 

Unclustered : 164 OTUS . 

$.:J,:,M.Ib.A . .R. .. J.:.I.Y .. L,J;; Y..~h ....... :::: ...... 9.. .. ~ .. ;>9.. ........ :..C.~ ....... G .. ~ .. l:-! .. ? .. :t.~T .. ?. .. 2.. 

Cluster 1: 129 OTUS 

2: 2 9(NIG); 124(TAN). 

3: 3 lOl(ZAN); 156(CAM); 177(RWA). 

Unclustered: 66 OTUS . 

l(NIG) 25(KEN) 49(UGA) 82(GHA) 127(TAN) 162(RWA). 

2 27 50 8 3 128 163 

4 29 53 88 131 164 

5 30 55 99 132 106 , 
6 31 59 105( 2AN) 134 171 

7 33 60 106 139 172 

11 34 64(8UR) 110 140 

14 36 67 111 14l(CAM). 

15 39 71 ... 112 148 

2l(KEN) 4l(UGA) 76 121(TAN) 149 

23 45 80 125 158 

24 46 81(GHA) 126 161(RWA). 

--·····-·-··-··· ·····-·-·········-··-······-·· ....... ··-·······-·····--······· ..... ·······--·········---· ............................. ,_ ·········-···························-······· .. ········-·-· .... ---······ ................................ -..... ,,_,,,,, .......... _,,, ....... -.... 

Cluster 1: 19 0 OTUS. 

Unclustered: 10 OT US -2(NIG); 6(NIG); 25(KEN); 29(KEN); 

30(KEN); 34(KEN); 41(UGA); 125(TAN); 131(TAN); 163(RWA). 

. . ... ..... ········· ...... .. ~'.... . l 

SIMILARITY LEVEL= 0.30 (1 Cluster).of 200 OTUS. 
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Appendix 15 . Cluste r analysis based on 7 ratios and 200 OTUS. 
~ ',1 

$.J.MJ .. b.A.f:U . .TY .. .... b.E.;:.Y.s.b ........ :: ...... Q . ~ ... :5..7 ..... c2 ....... Q:J,1,J,?.t.~.r.?.} .. '. .. 

Cluster 1: 3 OTUS - 43(UGA); 109(ZAN); 119(ZAN). 

2: 2 98(GHA); 150(CAM~. 

Unclustered: 195 OTUS . 

Cluster 1: 2 OTUS - 42(UGA); 126(TAN) . 

2: 3 - 43 109(GHA) ; 119(ZAN). 

3; 2 - 50 176( RWA) . 

4: 2 70(BUR); 179 

5: 2 - 80 100( GHA). 

6: 2 - 81( GHA) ; 106(ZAN). 

7: 3 - 89 113 165( RWA) . 

8: 3 - 90 120 153(CAM). 
~ 

9: 2 - 9 2 97(GHA). 

10: 2 - 98 150(CAM). 

11: 2 - 121(TAN); 16 7 ( RWA). 
·----·-··-

12: 2 125 136(TAN) . 
~ -

-

13: 2 - 140 193( ZAM). 

14: 2 hA( RWA); 196( RWA) . 

15: 2 - 174 195 

Unclustered: 169 OTUS . 

.. ---·--···-:---.. ···-.. - .. -... -... -.... -·-.. ··········--·············-····-·······- ·····-·····-··-··· ·- ......... ·"-········-- ................. --··· ........... . 

$..l.M.J; .. !.,,,.B..8.J..I .. Y. ....... bg . .v .. i;.t,,, ........ ::: ...... .9.~ .. ?..?. . .. ( .. ?..~ ... 911,1::.t~.r..?. ) ,.. 

Cluster 1: 86 OTUS . 

2: 2 OTUS - 3(NIG); 160(CAM). 

3: 2 - 5 83( GHA). 

4: 6 - 6 6(NIG) ; lO (N IC:i) ; 81 ( GHA); 106( ZA N); 



5: 6 

6 : 3 

7: 2 

8: 5 

9: 3 

10: 4 

11: 2 

12: 2 

13: 3 

14 : 2 

15: 2 

16: 2 

17 : 5 

18 : 2 

19: 2 

20: 2 

2 1: 2 
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116(ZAN); 188( ZAM). 

9(NIG); 14(NIG); 107(ZAN); 111 (ZAN); 

145(CAM); 159( CAM). 

15(NIG),; 92(GHA); 97(GHA). 

18(NIG); 19(NIG). 

27(KEN); 82( GHA); 117(ZAN); 125(TAN); 

136(TAN). 

29( KEN); 53(UGA); lOl(ZAN). 

30(KEN); 75(BUR); 130( TAN); 138(TAN). 

3 6(KEN); 65(8UR). 

42(UGA); 126(TAN). 

43( UGA) ; 109( GHA); 119 (ZAN). 

- 49(UGA); 102( ZAN). 

60(UGA); 127( TAN~ . 

64( UGA); 156(CAM). 

80(8UR); 95(GHA); lOO(GHA); 

182(ZAM). 

84(GHA) ; 139(TAN). 

131(TAN); 158(CAM). 

132(TAN); 152(CAM) . 

- 149( CAM) ; 181( ZAM). 

114(ZAN); 

Unclust~red : 55 OTUS. 

4(NIG); 37(KEN); 63(BUR); 10.S(ZAN); 148(CAM); 192(ZAM); 

7 38 67 110 151 197 

11 " 41 ( UGA); 71 122( TAN); 154 198 

17(NIG); 44(UGA); 72(8UR); 123(TAN); 16l(RWA); 199(ZAM); 

20 48 74 128 162 200 
,. i 

21(KEN); 51 ; 77 134 173 

22 54 78 137 186( ZAM); 
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24 

31 

32 

55 93(GHA); 141(CAM); 189 

6 l(BUR); 96 

62 99 

143 

144 

$.J MI b.f:\R..J.:.TY. . b.E;Y.E; b . :: ...... 9. .. ~.9.I . C.L ... 9J.\:,l .?.~£?.r:) ... ~ .. . 

Cluster 1: 200 OTUS . 

1:$J;:y : 

190 

191 

BUR=Burundi; CAM=Cameroon; GHA=Ghana; KEN=Kenya; NIG ~Nigeria; 

RWA=Rwanda; TAN=Tanzania; UGA : Ugand~; ZAM=Zambia; 

ZAN = Zanzibar . 

t', ~ 


