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Statistical analysis 
A general linear model (GLM) with SL or HL as covariate and year as independent factor 
was applied to test for the effect of time on the morphological characters. In this selective 
model, dependent variables, independent factors and their interactions were inserted. With 
the use of Multivariate Analyses of Covariance (MANCOVA), non-significant interactions 
were removed stepwise from each model; thereafter non-significant independent factors 
were removed stepwise. Significant interactions (int.act.) between SL and year were plotted 
to determine the effect of each factor. Estimated marginal means of all dependent variables 
were used to plot morphological character changes in time. We assumed that our dataset 
was representative for the natural population of haplochromines and expected a normal 
distribution of morphological characters. Almost all residuals of each of the 360 GLMs 
were normally distributed (P > 0.05, Shapiro-Wilk test, Shapiro and Wilk 1965). Six non-
normally distributed residuals were found. Nonetheless, we included in these residuals in 
the GLMs as the observed values did not show large deviation from the expected normal 
distribution in the Q-Q plots. The P-values of the GLM were corrected with a sequential 
Bonferroni test (Posch & Futschik 2008). To test SL changed over time, an analysis of 
variance (ANOVA) was used. A linear regression with the morphological characters as 
dependent and the SL as independent factor was performed. The residuals of this regression 
were used to test for randomness in the dataset with a Runs test (with mean as cut point). 
All statistical tests on the morphological characters were performed with SPSS version 16. 

Figure 3.2 Body shape outline of pyr males obtained from the DFA. The continuous lines 
and the black landmarks represent the consensus of the year 1978. The dashed line and 
white landmarks represent the consensus of the year 1991. Differences were enlarged three 
times for better visualization. 
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Adaptations to Nile perch predation 
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Figure 3.4 Plots of the estimated marginal means of the GLM of all species (plots of SL 
show standard means). Each line represents the morphological character changes in time 
per species with SL as covariate. Filled symbols represent resurgent species, blank symbols 
represent extinct species. The grey shade represents the period when major ecological and 
morphological changes occurred. Plots of estimated marginal means with HL as covariate 
are not shown as they did not differ much from those with SL as covariate. 

Figure 3.5 Body shape outline of pyr males obtained from the DFA. The continuous lines 
and the black landmarks represent the consensus of the year 1993. The dashed line and 
white landmarks represent the consensus of the year 2006. Differences were enlarged three 
times for better visualization. 

Adaptations to larger prey with an inevitable trade-off  
As a possible adaptation to larger prey consumed during the perturbed period (Van Oijen & 
Witte 1996; Katunzi et al. 2003; Kishe-Machumu 2012; Chapter 4 in this thesis), the 
present study found an increase in cheek depth in all four resurgent species. The increase in 
cheek depth could also have affected the eye size, as cheek depth and eye size are 
negatively correlated (Barel et al. 1989). The latter is likely to be the case as the eye size of 
all four resurgent species showed a decrease in the perturbed period (both with respect to 
SL and HL). This decrease has been reported for pyr by Witte et al. (2008) as a possible 
trade-off for the accommodation of the larger gills. Most likely, both the larger cheek depth 
and larger gills in a smaller head have resulted in smaller eyes of these haplochromines. A 
study of the retinas of pyr and tan suggest that the reduction of eye size only had an 
influence on the blue light-sensitivity (single cones) and the visual resolution (for pyr), but 
not on the photopic sensitivity of the double cones. So, although the eyes did not increase in 
size, these species may have found a way to cope with the turbid environment by changing 
their retinal features (Van der Meer et al. 2012 [Chapter 2 in this thesis]). 
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