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Introduction

Adaptive responses

Fast morphological changes in response to a

changing environment are a common phenomenon

in species that show adaptive radiation e.g. Darwin

finches (Grant & Grant 1995), Anolis lizards (Losos

et al. 1997). Most of these changes are attributed to

directional selection rather than phenotypic

plasticity. The dramatic environmental changes in

Lake Victoria during the past three decades provide

a unique opportunity to study environmental effects

on cichlid morphology.

Environmental perturbations

During the 1980s (Witte et al. 1992)

� Increased predation by Nile perch
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Results

Body shape adapts to predation

Probably as a response to increased Nile perch

predation, we found a decrease in head – tail ratio

(Figure 1). As a possible response to larger prey, we

found an increase in cheek depth (Figure 1, P <

0.01).

P < 0.01

Figure 1. Outline of body shape of H. pyrrhocephalus 

(Van Rijssel & Witte 2013).

Gill surface response to hypoxia

All species showed an increase in gill surface when

oxygen levels were low (1987, P < 0.001, Figure 3).
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Figure 3. Oxygen levels and gill surface through time.
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� Eutrophication

� Increased water turbidity

� Decreased oxygen levels

� Increase macro invertebrates

In this study, we show how these resurgent cichlids

have adapted to the changed environment and

discuss the possible role of phenotypic plasticity

and natural selection in these fast adaptive

responses.

Materials and methods
� Morphological measurements were made of four

different species (H. pyrrhocephalus, H.

laparogramma, H. tanaos and P. degeni) collected in

the past 35 years (at three year time intervals).

� Fish were caught in the Mwanza Gulf, Lake

Victoria and preserved in 4% formalin.

� Twelve specimens per year were selected for

morphological measurements.

Eye adjustments to murky water

Although there was a decrease in eye size (Figure 1),

the double cone (DC) size remained the same

through time (Figure 2). However, single cones (S)

disappeared and the double cone density decreased.

In other words, the resolution of the eye decreased

but the photopic sensitivity remained which is

essential for survival and reproduction (Figure 2).

1978 2001

Figure 2. Double cone patterns of the retina of H. 

pyrrhocephalus (Van der Meer et al. 2012).

Jaw correlates with larger prey

The premaxilla adapted to a diet shift towards larger

prey by increasing the teeth coverage in H.

laparogramma (Figure 4, P <0.001). When this

species shifted its diet back to small zooplankton, the

teeth coverage decreased again resulting in a

significant correlation between teeth coverage and

large prey ingested (r = 0.86, P = 0.007).

Figure 4. Large prey and teeth coverage through time.
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Discussion
Selection or phenotypic plasticity?
This study shows how several haplochromine cichlids are able to adapt fast to predation,

water turbidity, low oxygen levels and dietary shifts. Albertson et al. (2003) found that the

oral jaw apparatus of cichlids is only controlled by a few genes which can result in an

extremely quick response to selection pressures. On the other hand, the environmental

stressors experienced by the cichlids are known to induce plastic morphological responses in

the lab and these reveal high similarity with the morphological changes found in this study.

Also, some features were hardly ever observed before the environmental changes. This might

make directional selection less likely to occur on these specific characters.

What‘s next?
It is plausible that both phenotypic plasticity and directional selection have played an

important role in these fast adaptive responses. Recently, we managed to obtain

microsatellites from some of the formalin preserved specimens used in this study. In

combination with the sequenced cichlid genome, linking single nucleotide polymorphisms

(SNPs) to functional morphological characters might reveal whether genetic changes have

occurred in these fishes over time. This will provide insight in mechanisms involved in the

spectacular speciation and adaptive radiation of these fish.
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