
Results

• FA is detectable in 
the sample (p=0.016)

• Age is significantly 
related to offspring 
count (p=0.001).

• Age-adjusted 
residuals for offspring 
count are not 
significantly related 
to levels of FA.

Fig. 9: Regression 
of FA level (x) on 
age-adjusted 
offspring count (y; 
fitness proxy)
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Fig. 8: Boxplot of FA levels 
for individuals in the 
sample.

Table 2: Regression 
results. Asterisk 
denotes significant 
results. Asterisk (*) 
denotes significance.
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Using geometric morphometric shape analysis on 112 adult, female 
rhesus macaques, we placed 35 fixed landmarks across the cranium and 
calculated an FA score for each individual in geomorph4,5. We used 
offspring count as a proxy for fitness in our analysis. Individuals without 
any offspring in the collection were removed from analyses because it is 
impossible to know if offspring are not included in the collection or if the 
individual did not reproduce, reducing the sample to 70 individuals.
• Regression of offspring count on age to calculate “age-adjusted” 

residuals that control for differences in offspring count related to age 
at death

• Regression of unsigned FA scores on the age-adjusted offspring 
residuals

Materials and Methods
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Fluctuating asymmetry (FA) refers to random deviations from bilateral 
symmetry and is frequently used as a proxy for developmental instability, 
which has in turn been suggested to hold an association with reproductive 
fitness. However, any links observed between FA and fitness are tenuous at 
best. If FA is indeed related to reproductive fitness, then this supports the idea 
that FA is genetically controlled to some degree and not as firmly related to 
environmental stress as many studies suggest. Investigations concerning a 
number of phenotypic traits from a range of species have found both decreased 
fecundity associated with FA1 or found no effect2,3. We tested the association 
between offspring count and craniofacial FA in female rhesus macaques 
(Macaca mulatta) from Cayo Santiago, Puerto Rico to expand this research 
into nonhuman primates.

Introduction Research Question and Hypothesis

Question: Is increased fluctuating asymmetry (FA) associated with 
decreased fitness in the Cayo Santiago rhesus macaques?

Hypothesis: Levels of FA will be higher in individuals with fewer 
offspring, indicating that there are reproductive costs associated with FA 
and, thus, that fitness is decreased in individuals with increased FA.

Fig. 3: Macaca mulatta female from the island 
of Cayo Santiago (CPRCMUS-000853)

Fig. 4: Macaca mulatta female from the island 
of Cayo Santiago (CPRCMUS-004318)

Fig. 7: Shapes represent the original and 
reflected copy of an organism, while the 
arrows represent distances measured to 
calculate FA level for each individual

Discussion and Conclusion
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• There is not likely a relationship 
between FA and number of 
offspring, following what was 
previously demonstrated in 
humans3.

• FA is probably not related to 
reproduction in rhesus 
macaques. These results support 
the idea that FA, and therefore 
developmental instability, do not 
affect reproductive fitness in 
rhesus macaques.

Fig. 5: Anterior view of landmarks on 3D 
model in study (CPRCMUS-04439)

Fig. 6: Inferior view of landmarks on 3D 
model in study (CPRCMUS-04439)

Fig. 1 & 2: Rhesus 
macaques (Macaca 
mulatta) on the island of 
Cayo Santiago

Fig. 10: Individual CPRCMUS-00338 who had nine 
offspring that are included in the CPRC collection. 
This is not the most asymmetric individual 
(FA=0.765747683623865).
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