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AbstrAct
Introduction: Cichlids are a large group of freshwater fish. They are deep-bodied and have one nostril on each side of 
the head and rounded tails. The lateral line is discontinuous, and there are three or more anal spines. They usually do 
not grow longer than ~30 cm (12 inches). In many species, the rear edges of the dorsal and anal fins are pointed and the 
pelvic fins are elongated. Most cichlids are found in sub-tropical America, South America, mainland Africa, Madagascar, 
and southern Asia. Scientists estimate that there are at least 1,350 species worldwide, and possibly hundreds more new 
species yet to be described. Cichlids occupy a wide range of aquatic habitats, and where water temperatures are greater 
than about 68℉ (20℃). Cichlids exhibit a great diversity of feeding adaptations and consume numerous food types: 
phytoplankton, zooplankton, soft bottom deposits, benthic algae, higher plants, insects, molluscs, fish scales and fins, fish 
eggs and larvae, among others. Specialization of the jaws and dentition have allowed cichlid species to occupy a wide 
range of habitats and feed on a diversity of food types. The diversity of cichlids may be the result of a phenomenon called 
adaptive radiation. In order to adapt to their surroundings and quickly prey on new food sources, their body and head 
of cichlids exhibit extremely diverse morphologies, which allow them to achieve great success in specific diets in specific 
habitats.

Objective: Because the cichlid’s varied head shape is related to a number of factors, I chose one of the possible factors – 
diet. Based on the cichlid’s diet, my goal was to work out how the length, width, and depth of the cichlid head associate 
with diet?

Methods: In order to achieve the goal, I first placed eighteen landmarks on different types of cichlids’ CT scans by using 
MeshLab. Then I used numerous statistical analyses to assess differences between and among groups and to examine 
possible associations between diet and head shape and extract linear measurements from the landmarks(i.e., a t-test, 
analysis of variance (ANOVA) and a Tukey honest significant difference (HSD) test, and a linear regression). I used a t-test 
to understand if the means of two populations are different. I combined ANOVA and Tukey HSD to understand if there is a 
difference in means among multiple groups. And regression is used to examine correlations between two continuous (i.e., 
number) variables. All of these steps can be shown on the R programming language.

Results: I observed differences between cichlid groups in their head lengths. The Utaka sand dwelling group typically 
exhibited longer heads relative to the Mbuna rock dwellers. The ANOVA revealed differences in head width between 
cichlids based on their diets (P = 0.0125), and a Tukey HSD test later revealed these differences were driven by the insect 
dietary group, in which cichlids exhibited much wider heads than both the plant and zooplankton groupings (P = 0.018 
and P = 0.043 respectively). There was a strong correlation (r2 = 0.85) between the height of the skull crest (where feeding 
muscles attach) and the height of the skull bar (which resists feeding forces), P <0.001. Typically, cichlids that eat insects 
exhibit larger crests and bars compared to cichlids that eat plants and zooplankton. The figures below enhance the 
results.

Conclusions: According to the data, cichlids with mostly carnivorous diets of fish, insects, or plankton will require longer 
heads because fast prey will need to be chased down and quickly captured. Secondly, cichlids with mostly herbivorous 
diets will require wider heads because a shorter head allows the cichlid to get closer to the algae and pluck relatively 
more algae from rocks.

KeyWords: Diversity of Cichlid Fishes, Adaptive radiation, Cichlids’ diet, CT scans, Linear measurements, t-test, 
ANOVA test, Tukey HSD, p-value.
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INtrodUctIoN

Cichlids are a large group of freshwater fish. Cichlids are 
found in sub-tropical America, South America, mainland 
Africa, Madagascar, and southern Asia. They are well-known 
due to a huge number of species across these regions and 
their colorful body patterns, making them a favorite of the 
aquarium trade (Conith 2022). There are more than 1000 
cichlid species, and the majority of species are African, 
appearing in great diversity in the major African lakes 
(Britannica 2017). Most cichlid species are found in three 
large lakes in East Africa: Lake Malawi, Lake Victoria and 
Lake Tanganyika. Lake Malawi alone contains more than 
500 species. Scientists estimate that there are at least 1,350 
species worldwide, and possibly hundreds more new species 
yet to be described. (Britannica 2017).

HAbItAts ANd dIet

Cichlids occupy a wide range of aquatic habitats: from open 
water to shallow areas in lakes, rivers, streams and swamps; 
also mud, sand, rock or vegetated bottoms; and where water 
temperatures are greater than about 68℉ (20℃) (Cichlid 
2022). Cichlids are rather deep-bodied and have one nostril 
(rather than the usual two) on each side of the head. The 
lateral line is discontinuous, and there are three or more 
anal spines. They generally have rounded tails and, though 
sizable for aquarium fishes, usually do not grow longer than 
~ 30 cm (12 inches) (Britannica 2017). In many species, the 
rear edges of the dorsal and anal fins are pointed and the 
pelvic fins are elongated. Cichlids exhibit a great diversity 
of feeding adaptations and exploit numerous food types: 
phytoplankton, zooplankton, soft bottom deposits, benthic 
algae, higher plants, insects, molluscs, fish scales and fins, 
fish eggs and larvae, among others. Specialization of the 
jaws and dentition have allowed cichlid species to occupy a 
wide range of habitats and feed on a diversity of food types 
(Cichlid 2022).

The diversity of cichlids may be the result of a phenomenon 
called adaptive radiation. As cichlid species occupy new 
habitats, they undergo multiple adaptive radiations to adapt 
to their surroundings and quickly prey on new food sources. 
The result of this adaptive radiation could lead to the 
emergence of a new species with a changed head and body 
shape that best enables them to exploit the resources in their 
new environment and survive to the next generation. As a 
result, both the body and head of cichlids exhibit extremely 
diverse morphologies, which may allow them to achieve 
great success in specific diets in specific habitats. A typical 
factor that affects cichlid skull changes is diet. Cichlids 
typically specialize in several different prey species, such as 
fish, insects, snails, plants or fruits.

HyPotHesIs

How do length, width, and depth of the cichlid head associate 
with diet?

I predict that those cichlids with diets such as fish, insects, 
or plankton (i.e., small, typically evasive prey) will require 
longer heads, those cichlids with diets such as plants (i.e., 
algae that is attached to rocks) will require wider heads, and 
those cichlids with diets such as fish and insects will require 
longer and wider heads.

MetHodoLoGy
First, I placed eighteen landmarks on CT scans by using 
Mesh Lab. After I extracted linear measurements from the 
landmarks, I used numerous statistical analyses to assess 
differences between and among groups and to examine 
possible associations between diet and head shape (i.e., 
a t-test, analysis of variance (ANOVA) and a Tukey honest 
significant difference (HSD) test, and a linear regression). I 
use a t-test to understand if the means of two populations are 
different. I combine ANOVA and Tukey HSD to understand if 
there is a difference in means among multiple groups. And 
regression is used to examine correlations between two 
continuous (i.e., number) variables.

Here are the steps for these methods. Scripts can be run 
using the R programming language.

#T-Test

cichlid = read.csv(“CichlidMeasurementFinal.csv”)

cichlid$Clade = as.factor(cichlid$Clade) t.test

(cichlid$Length~cichlid$Clade) 

boxplot(cichlid$Length~cichlid$Clade)

#ANOVA and TukeyHSD

cichlid = read.csv(“CichlidMeasurementFinal.csv”) 

Fit1 = aov(cichlid$Width~cichlid$Diet)

summary(Fit1)

TukeyHSD(Fit1) 

boxplot(cichlid$Width~cichlid$Diet)

#Linear Regression

cichlid = read.csv(“CichlidMeasurementFinal.csv”) 

Fit2 = lm(cichlid$SCHeight~cichlid$PSHeight) 

summary(Fit2)

MyCol = c(“blue”,”black”,”green”,”red”) 

cichlid$Diet = as.factor(cichlid$Diet)

#Fish=blue, Insects=black, Plants=green, zooplankton=red 

plot(cichlid$SCHeight~cichlid$PSHeight, pch=19, 

col=MyCol[unclass(cichlid$Diet)],

xlab=”Parasphenoid Height (mm)”, ylab=”Skull Crest Height 
(mm)”) 

abline(Fit2)
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resULts
I observed differences between cichlid groups in their head 
lengths (P-value = 0.002923, Figure 1), the Utaka sand 
dwelling group typically exhibited longer heads relative to 
the Mbuna rock dwellers. The ANOVA revealed differences in 
head width between cichlids based on their diets (P = 0.0125), 
a Tukey HSD test later revealed these differences were driven 
by the insect dietary group, in which cichlids exhibited much 
wider heads than both the plant and zooplankton groupings 
(P = 0.018 and P = 0.043 respectively, Figure 2). There was 
a strong and tight relationship (r2 = 0.85) between the 
height of the skull crest (where feeding muscles attach) and 
the height of the skull bar (which resists feeding forces), P 
<0.001. Typically the cichlids that eat insects exhibit larger 
crests and bars compared to the cichlids that eat plants and 
zooplankton (Figure 3).

Figure 1. Box and whisker plot comparing cichlid head 
lengths between groups. Clade groupings: M = Mbuna (rock 
dwellers), U = Utaka (sand dwellers). Solid black line denotes 
median value, box denotes 75% quartiles, whiskers denote 
data range. Single circles denote statistical outliers. T-test 

revealed differences between groups.

Figure 2. Box and whisker plot to assess differences in diet 
and skull width. Solid black line denotes median value, box 
denotes 75% quartiles, whiskers denote data range. ANOVA 

test revealed differences among groups.

Figure 3. Linear regression of skull crest height against 
parasphenoid height. Color codes, Blue = fish eaters, Black 
= insect eaters, Green = plant eaters, Red = zooplankton 

eaters).

coNcLUsIoN
According to the data, cichlids with diets such as fish, insects, 
or plankton will require long, narrow heads because fast 
prey will need to be chased down and quickly captured. This 
face and head shape allows the cichlid to swim through the 
water more quickly and capture prey more easily.

Secondly, cichlids with diets such as plants will require 
shorter heads. This is because a short, wide head allows the 
cichlid to get closer to the algae and pluck relatively more 
algae from the rock.

Taken together, over many generations cichlids have changed 
their head shape to better enable them to take advantage of 
a more diverse array of diets. This has enabled the group 
to occupy many ecological niches and contributed to the 
evolutionary success of the group.
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