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Population Overview 

The sheep population on Hirta entered 2023 at a medium level as there was moderate mortality 
over winter with 101 tagged animals being found dead within the study area. Lambing began 
on the 4th of April and peaked on the 18th of April (Fig. 1), with 79.83% of lambs born 
surviving. 

 
Figure 1. The temporal distribution of lamb births during 2023. 

In December 2023, 799 tagged sheep were believed to be alive on Hirta, of which 580 regularly 
used the study area, an increase of 12.62% using the study area since the previous year. The 
age distribution of the population is shown in Figure 2 and changes in sheep numbers in the 
study area over time are shown in Figure 3.  

 

Figure 2. Age distribution of tagged Soay sheep presumed to be alive at the end of 2023. 
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Figure 3. The number of sheep counted on the whole island and the number of tagged sheep 
regularly using the study area since 1985. 

One whole-island count yielded 1854 tagged and untagged sheep, with the details displayed in 
Table 1. The total population had increased by 9.06% since summer 2022 when it was 1700. 
The whole island count is also shown in Figure 3. 

Table 1. Demographic and geographic distribution of sheep observed during the count of Hirta 
on August 17th 2023. Coat colours are DW = dark wild, DS = dark self, LW = light wild, and LS 
= light self. 

 

Location Females Males Lambs Total 

 DW DS LW LS DW DS LW LS   

Conachair/Oiseval 189 14 47 0 66 2 4 1 146 469 

Mullach Bi / Cambir 261 8 76 2 91 2 26 1 283 750 

Ruaival/Village 235 6 63 3 82 1 25 1 219 635 

Total 685 28 186 5 239 5 55 3 648 1854 
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Reports on component studies 

Direct or indirect climate driving of population increase in Soay sheep on Hirta, St Kilda. 
 
Robin Pakeman. 
 
A warming climate has been shown to affect the populations dynamics of a range of arctic and 
alpine mammalian herbivore populations through increasing the length of the growing season 
of the vegetation that they feed on. In contrast, there is less evidence for temperate systems.  
 
As described in last year’s report, we have identified that there is a general increase in summer 
vegetation biomass across the island. Using satellite data from Landsat there has been an 
increase in biomass across all vegetation types, with the fastest increases in the communities 
most preferred by the sheep; those characterised by easy-to-digest leaves and high nitrogen 
content (Fig. 4).  
 
We combined the yearly maximum values for biomass ( as measured by  the Normalised 
Vegetation Difference Index - NDVI), with meteorological data and sheep population size in 
statistical models to predict the change in the number of sheep on Hirta over the winter. We 
know from previous analyses the importance of winter weather and the existing population size 
in driving the population fluctuations in the sheep, but they don’t explain the gradual increase 
in the sheep population size. 
 
A simple model that just includes the population size of the sheep – i.e., the growth in 
population is dependent on density – is still the best single factor model. However, adding peak 
summer biomass and either winter average wind speed or winter North Atlantic Oscillation 
(NAO) data improved the models considerably. NAO is a measure of the balance between cold 
settled weather brought by high pressure systems (negative NAO) and the mild, wet and windy 
weather brought by depressions from the Atlantic (positive NAO). 
 
The sheep population tends to increase if the winter has a preponderance of settled conditions 
(negative NAO) or is less windy. However, the long-term increase is despite the island getting 
windier, and is due to the increase in food availability. Interestingly, the best models involved 
some expected and some unexpected plant communities. The maritime cliff communities 
dominated by Plantago species, as on Ruabhal and in Gun Meadow are a favourite of the sheep 
and the increase in biomass here might be expected to be a good factor in explaining the rise 
in the population. However, the increase in biomass of the inaccessible sorrel (Rumex acetosa)-
dominated and the unpreferred boggy communities (cotton grass Eriophorum vaginatum- or 
bog moss Sphagnum-dominated) communities were also good predictors of the increase. As 
these communities aren’t grazed by the sheep their behaviour more closely reflects 
productivity. On the more favoured grasslands any plant growth is eaten as it is produced and 
hence it is harder to detect increases in productivity. 
 
Although the climate is getting windier and wetter, it is also getting warmer allowing increased 
plant productivity in the summer and this appears to be behind the long-term increases in the 
Soay sheep population. Our study indicates oceanic-temperate systems may show similar 
climate-driven herbivore population trends to those reported in arctic and alpine systems. 
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Figure 4. Relationships between community weighted mean values for LDMC (Leaf Dry Matter 
Content (mg g-1)) and the linear regression slopes from the time series analysis of NDVI 
changes through time. High LDMC values are characteristic of plant species that are hard to 
digest. Vegetation type abbreviations: AFM Agrostis-Festuca-Molinia, Cl Cliff, DH Dry Heath, 
Ea Eriophorum, Fr Festuca rubra, Hl Holcus, HA Holcus-Agrostis, HAS Holcus-Agrostis-
Sphagnum, HP Holcus-Poa, La Lair, Lu Luzula, Mc Molinia, NJ Nardus-Juncus, NR Nardus-
Racomitrium, Pl Plantago, PAF species-poor Agrostis-Festuca, RAF species-rich Agrostis-
Festuca, Ru Rumex, Sp Sphagnum, WH Wet Heath 
 
 
Botanical developments  
 
The groundsel (Senecio vulgaris) discovered in 2023 is still hanging in around the disturbed 
ground above the helipad though isn’t spreading. However, the recently arrived cuckoo 
flower/lady’s smock (Cardamine pratensis) is spreading along the damp area above the 
helipad. 
 
However, the find of the summer was a new species for the island discovered in the exclosure 
around the old base. Three tomato plants were discovered growing just inside the fence. Initial 
thoughts were an escape from a visitor’s sandwich, but enquiries at the base revealed they had 
needed to dig up their sewage pipe. The soil around the plants was much darker and more 
organic than the rest of the exclosure. 
 
The exclosure itself is grassing over and in early 2024 it is open to grazing for a few weeks as 
the grass is now very dense and tussocky in places. 
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Figure 5. Feral tomato plant from the exclosure. 
 

 

Figure 6. Developing coverage in the exclosure on the site of the old base. 
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Early life development of the Soay sheep microbiome. 

Amy Sweeny, Hannah Lemon, Xavier Bal, Andrew Free, Dylan Childs, Daniel Nussey and 
Luke McNally. 

The mammalian gut is home to trillions of bacteria (the “microbiome”) which play a key role 
in host health. Funded by a large NERC grant, the Ecology Within Project monitored the gut 
microbiota of Soay sheep on St Kilda from 2019-2022. Because individuals are born with a 
relatively simple microbiome, early life is well-established as a crucial window for 
development of these important bacterial communities in the gut. However, most of our 
knowledge on the ecological processes involved in gut microbiome development come from 
laboratory or human populations. In 2019 we collected data from 37 neonate samples within 
two weeks of their birth, as well as samples for juveniles at 3, 6, 9, and 12 months old. Because 
adults were sampled at the same timepoints, this dataset offers a unique insight into differences 
between age classes in the gut microbiota community, and into how this community is 
developing over the first year of life.  

We used DNA sequencing of faecal samples collected on St Kilda to identify the gut microbes 
present. Focussing on the first year of data in which neonates were represented, we first used 
data from Spring & Summer 2019 and compared the diversity and composition of the gut 
microbiota across neonates (~1-2 weeks old), lambs (3 months old), and adults (2+ years old). 
We found that alpha diversity (or number of distinct microbes present in the gut) significantly 
increased with age, with neonates having very sparse and adults having very rich gut microbiota 
(Fig. 7A). We next looked at how similar the make-up of the microbiota was across age using 
a principal component analysis (PCA), where greater clustering indicates greater similarity. 
We found that among adults, the microbiota composition was highly similar and clustered. 
Comparatively, lambs had slightly greater variation across individuals, but also formed a very 
distinct group, while neonates were quite spread in composition and highly dissimilar within 
their group and compared to adults and lambs even just a few months older (Fig. 7B). When 
controlling for other factors like sex and season, age explained 27% of all variation in 
microbiota composition.  

Next, we investigated the development of the lamb gut microbiota over the first year of life 
using data from the entire first year of sampling, spanning five sampling points (Spring-19, 
Summer-19, Autumn-19, Early Spring-20, and Spring-20). Within each timepoint, we use the 
first axis of variation from our PCA (Fig. 7B) to compare the juvenile versus adult gut 
microbiota community. We found that differences were most dramatic in the first few weeks 
of life (Spring 2019), with lambs becoming progressively more similar to adults throughout the 
year until no significant difference remains at 12 months of age in Spring 2020 (Fig. 8). 
Investigation of specific microbes involved in the rapid and dynamic lamb microbiota 
development suggest that these communities are developing in line with expected functional 
requirements. For example, the Proteobacteria phylum, which has microbes that can prepare 
the gut for colonisation of other microbes, was elevated in lambs versus adults shortly after 
birth in 2019 when the highest influx of colonising microbes is likely to be occurring. 
Conversely, the phylum Fibrobacterota, which can facilitate degradation of plant matter, was 
notably missing in lambs early in life and reaches frequency comparable to adults by Autumn 
as lambs switch from a milk- to vegetation-based diet. Further planned analyses will identify 
functional roles of the key microbes that establish in early life, whether mothers are conferring 
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beneficial microbes to their offspring, and whether the high degree of variation we observe in 
early life microbiota dynamics has tangible fitness outcomes for survival or reproductive 
success on St Kilda.  

 

Figure 7. Diversity and composition of the Soay sheep microbiome across age classes. A. 
Alpha diversity measured by the inverse Simpson index (observed richness of taxa identified). 
B. Principal component ordination based on Bray Curtis distances between individual sheep, 
where points closer together indicate individuals with more similar gut microbiota 
communities.  

Figure 8. Comparison of 
the magnitude of 
difference for lamb versus 
adult gut microbiota 
composition based on 
Bray Curtis similarity 
across the first year of 
life. Statistically 
significant differences 
between groups persist 
until one year after birth 
(Spring 2020). 
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Variation in cell-mediated immunity and associations with parasites and fitness. 
 
Yolanda Corripio-Miyar, Adam Hayward, Hannah Lemon, Xavier Bal, Jill Pilkington, Dan 
Nussey and Tom McNeilly. 
 
One of the most important components of the vertebrate immune system is the cell-mediated 
immune response, which is coordinated by T-helper (Th) cells. Different Th cell subsets 
coordinate different kinds of immune response to different types of infection; for example, Th1 
cells lead the response to viruses and single-celled parasites such as bacteria and coccidia, while 
Th2 cells lead the response to multi-cellular parasites such as intestinal worms. Work in highly 
controlled laboratory settings in vitro and in inbred mouse lines have shown that Th1 and Th2 
responses appear to work against each other, such that stimulation of a Th1 response leads to a 
depressed Th2 response, and vice versa, but how such interactions work in the wild has not 
been well-studied. 
 
From the August catches of 2019-2022, we analysed 750 blood samples from 530 individual 
animals for 10 different markers of Th cell-mediated immunity, including counts of cells and 
levels of chemical messengers called cytokines associated with both Th1 and Th2 responses. 
In general, cell counts and cytokines associated with the different Th cell types were positively 
correlated, and in particular the Th1 cytokine interferon-gamma (IFN-γ) was positively 
associated with the Th2 cytokine interleukin-4 (IL-4; Fig. 9). Levels of IFN-γ and IL-4 were 
both significantly repeatable, such that individuals’ values were somewhat consistent across 
years. Levels of IL-4 were negatively correlated with parasitic worm faecal eggs counts (FEC) 
(Fig. 9), suggesting a Th2 immune response helps to protect the host against these damaging 
worm infections. However, we did not find associations between IFN-γ and intestinal coccidian 
parasites. Finally, none of our immune markers were associated with lamb over winter survival. 
Our results suggest that in a wild setting, where animals are faced with a variety of infectious 
challenges, natural selection may have favoured a balanced Th response. This is just a start 
however – a larger data set will be needed to further explore the genetic basis of these responses 
and their associations with fitness.  

 

Figure 9. Showing (left) the positive association between levels of the Th1 cytokine IFN-γ and 
the Th2 cytokine IL-4, and (right) the negative association between levels of IL-4 and nematode 
parasite faecal egg count (FEC). 
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DNA methylation as a biomarker for ageing in Soay sheep. 

Melanie Lindner, Alex Sparks, and Jon Slate. 

Ageing is reflected by a gradual decline in physiological condition and overall health, which is 
accompanied by the onset of age-related diseases. At the molecular level, ageing is associated 
with molecular changes that accumulate over the course of life, such as changes in DNA 
methylation marks (DNAm), defined as the addition of methyl-groups to cytosines within the 
DNA sequence. The property of DNAm to capture molecular age-related changes has led to 
the development of predictive models for age, so called “epigenetic clocks”, in which the 
methylation status of cytosines across the genome has been plotted against chronological age 
to identify the cytosines at which the methylation status best predicts chronological age (often 
referred to as epigenetic age). 

To calibrate the first epigenetic clock in Soay sheep, we used a pilot data set of 195 blood 
samples from Soay sheep of known age and a sequencing approach that quantified genome-
wide DNA methylation at the resolution of individual cytosines (whole genome bisulphite 
sequencing). The data set was divided into two parts; (1) a training data set of 155 samples 
from unique sheep used to calibrate the epigenetic clock and evaluate its accuracy using a cross-
validation scheme and (2) a test data set used to evaluate the accuracy of the epigenetic clock 
by using the epigenetic clock to predict age in an independent data set. Rigorous quality control 
and filtering resulted in a total of 1,381 high-quality DNAm positions that are covered in all 
195 samples and were consequently used to calibrate and validate the epigenetic clock. 

Our analyses showed that the epigenetic clock was reasonably accurate; (1) we estimated a 
correlation between predicted DNAm age and chronological age of 0.76 (95%-CI: 0.69-0.82) 
and (2) a median error (i.e. median absolute difference between predicted DNAm age and 
chronological age) of 2.19 months (Fig. 10A). This was further confirmed  using the epigenetic 
clock to predict age in the independent test data set. Again, we found that the epigenetic clock 
was reasonably accurate; (1) we estimated a correlation between predicted DNAm age and 
chronological age of 0.79 (95%-CI: 0.63-0.88) and (2) a median error of 1.82 months (Fig. 
10B). However, we noted one unexplained outlier: a 3-months old sheep which was predicted 
to have an age of 57 months. Overall, the epigenetic clock presented here is reasonably 
accurate, but it is important to point out that we expect later versions of the clock to be of higher 
accuracy for multiple reasons. Firstly, the age distribution of samples within the pilot data set 
is biased toward very young sheep (86.15% of samples were taken from lambs (0-4 month of 
age)). The final data set will include approximately 780 samples taken from sheep aged 
between one and 15 years, which will improve the age distribution, increase sample size, and 
thus provide a solid foundation for highly accurate age prediction. Secondly, our final data set 
will include a much wider range of positions.  
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Figure 10. Evaluation of an epigenetic clock for age in Soay sheep produced by penalized 
(elastic net) regression models. A. We evaluated the accuracy of the epigenetic clock using a 
training data set of 155 Soay sheep samples (no within-sheep replicate samples) and a cross-
validation scheme (leave-one-out cross-validation (LOOCV); r=0.76 (95%-CI: 0.69-0.82) and 
median error=2.19 months). B. We evaluated the accuracy of the epigenetic clock by 
predicting age using the epigenetic clock in an independent test data set of 40 Soay sheep 
samples not included in the initial calibration of the epigenetic clock (r=0.79 (95%-CI: 0.63-
0.88) and median error=1.82 months). The plots show the predicted age from DNA methylation 
(DNAm) data regressed against chronological age for each sample (data point) within the 
training data set (A) and test data set (B). The dashed line represents a regression slope of 1, 
while the blue line represents the regressions between DNAm predicted age and chronological 
age in the training data set (A) and test data set (B). 

 

Sex-specific effects of early-life adversity on adult fitness 

Elizabeth D. Drake, Sanjana Ravindran, Daniel H. Nussey and Hannah Froy 

The environment that an animal experiences during early life can influence development and 
have long-lasting consequences for an individual’s bodily functions, reproductive success, and 
survival during adulthood. We have investigated how the conditions a lamb on St Kilda 
experiences during gestation and the first year of life impact first year survival, adult lifespan, 
and reproductive success.  

In agreement with past findings in this population, we found that having low birth weight, being 
a twin, losing your mother in the first year of life, and experiencing high population densities, 
high average parasite loads, and wet and windy winter weather (high North Atlantic Oscillation 
– NAO) all decreased a lamb’s chance of surviving its first year of life. Male lambs were less 
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likely to reach their first birthday and were more negatively impacted by harsh winter weather 
and high average parasite loads than females.  

We went on to test whether these indicators of early-life adversity had persistent impacts on 
individuals that survived beyond 1 year of age. Both males and females that were born heavier 
had more offspring during their lifetime (Figure 11A). This effect was driven by differences in 
both lifespan and reproductive performance: sheep that were born heavier were longer lived, 
were more likely to breed each year, and produced more offspring at each breeding attempt. A 
lamb’s birth weight may be reflective of maternal investment during both gestation and 
lactation, as mothers that are in better condition are likely to invest more during both phases of 
development.  

Males born in years when the population was larger had fewer offspring over their lifetimes 
(Figure 11B). These males were less likely to breed each year and sired fewer offspring at each 
breeding attempt. Males grow faster than females during the first few years of life, meaning 
they may be more strongly impacted by nutritional stress. The effect of population density in 
the first year likely reflects the long-term costs of increased competition for plant food 
resources during development, which may have repercussions for male adult body size and 
condition, leading to a reduced ability to compete for mates and sire offspring.  

Unexpectedly, males that experienced wet and windy weather in their first winter sired more 
lambs over their lives (Figure 11C). These males lived longer than those that experienced 
benign conditions during their first winter. Challenging winter weather conditions may act as 
a selective ‘filter’, removing the weaker lambs in the population. This filter may leave only the 
stronger males to survive to adulthood and a cohort that is on average more successful than 
those that experience milder first winters.  

The results of this study show how adverse conditions in a lamb’s first year of life can have 
long-lasting effects on an individual’s lifespan and reproductive ability. We also show how 
multiple aspects of male and female fitness can be impacted differently by conditions in early 
life.   
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Figure 11. Estimates of the independent effects of (A) birth weight, (B) population size in year 
of birth (YOB), and (C) first winter North Atlantic Oscillation (NAO) on lifetime breeding 
success in Soay sheep that survived beyond the first year of life (N=1721 observations). Points 
show the (jittered) raw data. y-axes are limited to LBS < 17 for clarity (representing > 97% of 
observations). Lines and shading show model predictions and associated 95% confidence 
intervals. Plots with coloured lines indicate where the association differed between the sexes; 
females shown in red, males in blue.  

 

Climate and the Soay sheep rut. 

Brian Preston, Ian Stevenson and Ken Wilson. 

Between 1987 and 2003, weather data from Stornoway Airport suggests that late summer 
temperatures on St. Kilda increased by an average of 1.6oC (Fig. 12). Within this time period, 
rutting Soay sheep on St. Kilda were the focus of intensive behavioural study, and the 
measurement of their plasma testosterone levels (1995 to 2003), alongside more routine 
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identification of female’s two day oestrous period by monitoring the occurrence of consorts in 
the study area (1987-2003). 

 

Figure 12. Late summer temperature increase at Stornoway Airport. Data are from 1987-
2003. 

Analysis of data within this 17-year period suggests that both male and female reproductive 
behaviour changed as late summer temperatures increased. Females began entering oestrous 
earlier in the autumn, which resulted in a more diffuse distribution of female receptivity in later 
years of the study (Fig. 13). Both of these changes in female receptivity were significantly 
related to late-summer temperatures in the area, with hotter September temperatures leading to 
an earlier and more ‘spread out’ rutting period.  

 

Figure 13. An advancement of the rutting season between 1987 and 2003. a) There is a 
negative correlation between the start of the rut and year of study, meaning the rut started 
earlier in later years b) the standard deviation increases across years indicating receptive 
females were more evenly spread out across the mating season towards the end of this period. 



 
15 

 
 

 Male rutting behaviour is characterized by an 
initial period of aggression between males, 
accompanied by high testosterone levels, during 
which males establish dominance hierarchies to 
some degree. As females became receptive, levels 
of both testosterone and aggression fall, and males 
instead travel the island in search of these females. 
Analysis of this behaviour and male testosterone 
levels at the start of November indicated that males 
were also modifying their behaviour and 
physiology. The transition from aggression to 
mate-seeking happened earlier, as their rutting 
behaviour in early November became more focused 
on finding females than fighting other males across 
the course of the study (Fig. 14a). This general 
advance in male rutting behaviour was 
accompanied by a marked decline in their 
testosterone levels, indicating this behavioural 
change had a physiological basis (Fig. 14b).   

As the availability of receptive females became 
more spread-out over the mating period, and 
temperatures increased, younger males appeared 
able to reduce their normal feeding behavior and 
instead travel around the island in search of these 
females (Fig. 15a). Once females were found, 
young males were also able to form consorts and 
copulate with them, being almost as successful as 
much older, larger males towards the end of the 
study period (Fig. 15b). Thus, changes in climate 
appeared particularly beneficial to younger ram’s 
reproductive success. 

Overall, these findings suggest that the Soay sheep 
rut was heavily influenced by increased September temperatures during this period, with likely 
consequences for both the timing and extent of male and female reproductive success. 

Figure 14. Changes over time in male 
rutting behaviour and testosterone 
levels at the beginning of the rut in 
early November. a) Males spent 
relatively less time in aggression and 
more time in sexual activity over time 
b) males also had lower testosterone in 
later years. Testosterone was measured 
in the lab of Gerald Lincoln. 

Figure 15. Feeding 
and ‘consort 
success’ of males. 
In later years of the 
study, young males 
a) reduce their 
feeding rates, and 
b) have greater 
mating access to 
females. 



 
16 

 
 

The missing fraction in adult body size traits in Soay sheep. 

Elizabeth A. Mittell, Loeske E. B. Kruuk, Josephine M. Pemberton & Michael B. Morrissey. 

The “response to selection” change refers to the change in breeding values (genetic change) 
through time within a population that is caused by selection. The quantitative genetics models 
that are typically used to estimate this response to selection do not always produce estimates 
that are in line with observations of phenotypic change in wild populations. This is the case in 
the Soay sheep population on Hirta for several adult size traits, where phenotypic change is in 
the opposite direction relative to predictions or in the same direction, but of a different 
magnitude to predictions (Table 2). One possible reason for this misprediction is a phenomenon 
known as the ‘missing fraction problem’. 
 
Table 2. The predicted evolutionary change for adult size traits in terms of units (i.e. either kg 
or mm) per generation where the estimates were made using fecundity selection in the 
univariate breeders’ equation. The observed phenotypic change, again in units per generation, 
was estimated with a linear model. The standard errors (SE) for each estimate are shown. 
Finally for each trait we state whether there is misprediction between the predicted and 
observed change, and whether this is in the direction (i.e. observed change is in the opposite 
direction to predicted) or magnitude (i.e. observed change is of a different magnitude to 
predicted). 
 

Adult size trait Predicted evolutionary 
change using fecundity 
selection* 
(units/generation) 

Observed phenotypic 
change 
(units/generation) 

Is there 
misprediction? 

Body weight (kg) 0.57 (0.25 SE) -0.24 (0.04 SE) Yes -- direction 

Hindleg length (mm) 1.58 (0.53 SE) -0.79 (0.06 SE) Yes -- direction 

Male normal horn length (mm) 12.22 (5.33 SE) 3.17 (2.24 SE) Yes -- magnitude 

Male scrotal circumference (mm) 1.59 (1.33 SE) 1.71 (0.40 SE) No 

 
The missing fraction can cause bias in our estimates of selection for any phenotype that is 
expressed after a stage of viability selection (e.g. adult size traits that are expressed after 
viability selection on juveniles). This missing fraction problem is a data problem where data 
are missing not at random in traits that are expressed later in life due to viability selection 
acting on traits (e.g. juvenile traits) that are correlated with these later-life traits (e.g. adult 
traits). It is unknown how prevalent the missing fraction may be in adult size traits in the Soay 
sheep, and therefore, it is also unknown if there is bias in our estimates of selection, and the 
response to selection, due to a missing fraction. Therefore, we estimated the magnitude of the 
missing fraction in four adult size traits in the Soay sheep with various patterns of misprediction 
(Table 2) by looking for genetic signatures of prior viability selection. 
  
To estimate these genetic signatures of prior viability selection at the stage of first year survival 
(FYS; defined as survival of a lamb to 1st May the year following their birth) bivariate animal 
models were run where FYS and an adult size trait were the response variables. A separate 
model was run for each adult size trait. From these models we obtained the genetic covariance 
between FYS and each adult size trait, which we then converted into genetic selection 
differentials. These estimates of the prior genetic selection differentials are the response to 
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selection caused by viability selection at first year survival for each adult size trait. In order to 
get a new prediction of the response to selection for each trait these prior genetic selection 
differentials were then added to the response to selection generated by fecundity selection. This 
gave us estimates of the response to selection of each trait across multiple episodes of selection. 

 
There was a genetic signature of prior viability selection coming from FYS for each trait (Fig. 
16). However, the direction, magnitude and confidence in these estimates varied among the 
traits. For adult body weight, adult hindleg length and male horn length the prior genetic 
selection was antagonistic to fecundity selection. The point estimates of response to selection 
for these traits were brought closer to the observed phenotypic change when both prior viability 
and fecundity selection were accounted for, rather than using fecundity selection alone (Fig. 
16). These results suggest that the missing fraction is part of the explanation for mispredictions 
seen in adult body weight, adult hindleg length and male horn length (Table 2). The prior 
genetic selection for male scrotal circumference is synergistic with fecundity selection, but the 
point estimate is small and the uncertainty large (Fig. 16). 

 
The results from these adult size traits in the Soay sheep provide a nice example of how a 
missing fraction can be generated via selection at a prior viability stage. Furthermore, it 

demonstrates that our predictions of the 
response to selection could differ in terms of 
both direction and magnitude when 
considering multiple episodes of selection 
across the lifecycle compared to using 
fecundity selection alone. Overall, we have 
demonstrated that a missing fraction is being 
generated in adult size traits in the Soay 
sheep. The cause of these prior genetic 
viability selection differentials is yet to be 
understood. 
 
Figure 16. Predicted evolutionary change 
(response to selection) for (a) adult body 
weight, (b) adult hindleg length, (c) male 
horn length, and (d) male scrotal 
circumference. Blue is the predicted 
evolutionary change generated via prior 
genetic viability selection, green is the 
predicted evolutionary change generated 
via fecundity selection, and grey is the 
predicted evolutionary change generated 
via both prior genetic viability selection 
and fecundity selection, or total lifetime 
selection. The 95% credible intervals are 

shown 
around 
the point 
estimates. 

(a) Adult body mass (kg/generation)

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

(b) Hindleg length (mm/generation)

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

(c) Male horn length (mm/generation)

-25 -20 -15 -10 -5 0 5 10 15 20 25

(d) Male scrotal circumference (mm/generation)

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
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APPENDIX A: PERSONNEL NEWS & SCHEDULE OF WORK 

Personnel News 

Caelinn James was awarded a PhD on the quantitative genetics of Soay sheep traits from the 
University of Edinburgh and moved on to a postdoc at SRUC (Scotland’s Rural University 
College).  Sanjana Ravindran was awarded a PhD on the evolutionary ecology of ageing in 
Soay sheep at the University of Edinburgh, and is now working as a post-doctoral researcher 
in Hannah Froy’s group in Edinburgh. Hannah Lemon’s contract as lab manager in Edinburgh 
ended, and she started a PhD based in Oxford working on our sister Isle of Rum red deer project 
in late 2023. Martin Stoffel finished his postdoc on inbreeding depression in Soay sheep and 
moved onto to a permanent position with the Alan Turing Institute. 

Ellis Wiersma (Edinburgh), Lucy Barnard (Sheffield) and Gina Henderson (Edinburgh) all 
started PhDs working on the Soay sheep in late 2023 / early 2024.  

Schedule of work on St Kilda. 

Spring 

From March 17th until May 12th, Jill Pilkington, Xavier Bal, Josephine Pemberton, Lucy 
Barnard and Libby Chapman conducted mortality checks, carried out ten population censuses 
and monitored and recorded the lambing dates for the whole lambing season. 238 lambs were 
born to 220 ewes; these figures include 18 definite sets of twins (13 ewes held both lambs and 3 
ewes held one lamb and lost one, 2 ewes lost both lambs). 157 lambs (76 females + 81 males) 
were tagged. Michael Morrissey was on island from March 24th till April 6th to remove mini-
weather stations. Robin Pakeman completed the spring vegetation sampling. 

Summer 

Jill Pilkington, Xavier Bal and Lucy Barnard returned to Hirta on July 18th to carry out ten 
population censuses, conduct mortality searches (yielding 11 tagged dead animals) and 
prepare for the main catch-up of study area sheep. The catch-up took place from August 9th – 
23rd and was conducted by a team of 12 additional project members and volunteers. 272 
sheep were caught and processed, of which 105 were lambs (47 males and 58 females), 35 
were yearlings (9 males and 26 females), 22 were adult males and 110 were adult females. 
All animals were weighed and measured to monitor growth, and sampled for parasite and 
genetic analyses. 24 sheep were retagged because of damaged or missing tags. 39 previously 
untagged lambs, 6 untagged yearlings and 17 untagged adults were caught and processed. 
Robin Pakeman collected vegetation data. Jill Pilkington, Xavier Bal and Lucy Barnard 
remained on Hirta until the 6th September to complete mothering-up newly tagged lambs and 
maintaining equipment used during catch up ready for the next field trip.  

Autumn 

From October 20th to November 28th Jill Pilkington, Lucy Barnard and Rebecca Nagel carried 
out ten population censuses, monitored the mating period, capturing and processing 18 
incoming untagged tups. 21 previously darted, non-resident tups were seen in the study area 
during this rut. 1 dead sheep was found. Michael Morrissey joined Rebecca Nagel for the final 
week till December 5th to set up mini-weather stations for the winter. 


