Variation in growth of Damaraland mole-rats is explained by competition rather than by
functional specialisation for different tasks
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Abstract

In some eusocial insect societies, adaptation to the division of labour results in multimodal size
variation among workers. It has been suggested that variation in size and growth among non-
breeders in naked and Damaraland mole-rats may similarly reflect functional divergence associated
with different cooperative tasks. However, it is unclear whether individual growth rates are
multimodally distributed (as would be expected if variation in growth is associated with
specialisation for different tasks) or whether variation in growth is unimodally distributed, and is
related to differences in the social and physical environment (as would be predicted if there are
individual differences in growth but no discrete differences in developmental pathways). Here we
show that growth trajectories of non-breeding Damaraland mole-rats vary widely, and that their
distribution is unimodal, contrary to the suggestion that variation in growth is the result of
differentiation into discrete castes. Though there is no evidence of discrete variation in growth,
social factors appear to exert important effects on growth rates and age-specific size, which are both

reduced in large social groups.
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Introduction

In most social vertebrates, the growth of individuals is affected by variation in the physical and social
environment, and variation in age-specific size and growth is unimodally distributed across
individuals (1, 2). Mole-rat societies have been suggested to resemble those of eusocial insects more
than those of other vertebrates (3-5) and, like some eusocial insects, may show variation of growth
and body mass that is associated with consistent differences in cooperative behaviour (3, 6). Recent
studies have revealed the presence of unusually large variation in growth and age-specific size in
both naked (Heterocephlus glaber) and Damaraland mole-rats (Fukomys damarensis) (7, 8), but it is
not yet known whether size is multi-modally distributed, as would be expected if variation in growth
represents functional specialisation, or whether it is unimodally distributed, and reflects the effects

of variation in physical and social environments on the growth of individuals.

Here we describe the distribution in growth patterns in a population of 171 laboratory-born
Damaraland mole-rats housed in groups in artificial tunnel systems. We first develop a Gompertz
growth model from which we derive, for each individual, their predicted maximum body mass, the
growth rate at the inflection point of their growth curve and a displacement factor. Subsequently,
we use the function to estimate the age at which individuals reach 90 percent of their maximum
body mass and the mass at the age of one year. If mole-rat growth resembles other cooperatively
breeding vertebrates and less specialised social insects, we would expect the distributions of values
extracted from the growth function to be unimodally distributed while if it was more similar to

highly specialised eusocial insects, some parameters should show different modalities (9, 10).



Methods

Study animals and husbandry

The Damaraland mole-rat is a highly social rodent which occurs in groups containing a reproductive
pair and a number of non-breeding animals of both sexes (11). Recent evidence suggests that groups
exhibit an age-based polyethism with faster growing individuals contributing more to cooperative
tasks and that behavioural phenotypes are continuously distributed across non-breeding individuals

(12, 13).

The animals in this study were the offspring of wild caught Damaraland mole-rats, which were born
and reared in captivity in a laboratory facility at the Kuruman River Reserve, South Africa. They
remained in their natal group and carried a PIT-tag for identification. Depending on group size, total
tunnel length of the PVC cages varied between 4 and 16 metres. Twice daily groups were fed ad

libitum with sweet potatoes and cucumbers as well as given clean sand (cf. 12)

Data collection and analysis

Data were collected between October 2013 and July 2016. Individuals were of known age, being
weighed weekly until the age of 90 days and fortnightly thereafter, using a Sartorius TE4100

electronic scale. We excluded individuals that died before the age of one year.

We fitted a Gompertz growth curve for each individual using the parametrisation (as per

‘SSGompertz’ in the nlme package (14, 15):

y(t)=a*exp(-b*c’t)

Where y(t) is the body mass at age t, a is the asymptotic body mass (maximum body mass), b is a
displacement factor that controls the displacement along the x axis (the inflection point of the
growth curve occurs at t=—In[b]/In[c]), and c controls the relative maximum rate of growth (the

maximum growth rate is —a*e*In[c], at the inflection point). From the fitted model, we also



calculated the predicted body mass at one year of age and the latency to reach 90percent of the
maximum body mass. In total, our data set included 14211 weight records across 181 individuals.
After excluding 10 individuals where secondary growth spurts produced estimates of growth
parameter predictions outside the range known for this species all models include 171 individuals

from 87 litters born in 37 groups.

We tested for sex differences in growth by fitting linear mixed models (LMM) with body mass at the
age of 90, 180 and 365 days as response, sex as fixed effect, and litter and group identity as random

effects. Subsequently all analysis were conducted separately for each sex.

To evaluate whether the distribution of growth patterns among subordinate mole-rats represented
unimodal distributions, or whether they were likely to result from a sample with bi- or multimodal
distribution, we tested each of the five aforementioned growth-related values for multimodality
using Hartigan’s Dip test implemented in the package “diptest” (16). To analyse how body mass at
the age of one year, maximum body mass and latency to reach 90 percent of the maximum body
mass are predicted by the social environment, we fitted each as a response in LMMs with Gaussian
error structure and fitted mean group size, litter sex ratio, litter succession number (i.e. being first,
second, or third litter born to this females) and litter size (total number of individuals in this litter at
birth) as covariates. Group and litter identity were set as random terms. We employed stepwise,
backward model simplification until only significant terms remained in the final model. Terms
dropped in the course of model selection are presented with the estimates, standard errors and the
p-values with which they were last included in the model selection process. All analyses were

conducted using R and the package Ime4 (17).



Results

As in previous studies of Damaraland mole-rats, growth varied widely between individuals. Males
were larger than females throughout ontogeny (LMM, mass at age 90, 180 and 365 days, Estimate=
2.9, SE= 0.69, p<0.001, Estimate = 9.14, SE= 1.5, p<0.001, Estimate= 25.3, SE= 2.9, p<0.001,
respectively) and achieved higher predicted maximum body masses (LMM Estimate=46.9, SE=5.9,
p<0.001,Figure 1), but needed longer to reach maximum values (LMM, Latency to reach 90 percent
of maximum body mass, Estimate=0.1, SE=0.04, p=0.02). The distributions of maximum body mass,
maximum growth rate and the displacement factor of the individual growth curves in the population
were unimodally distributed in both sexes (Figure 2, Hartigan’s dip test, Maximum body mass:
Females, D=0.02, p=0.99, Males, D=0.04, p=0.71; Displacement Factor: Females, D=0.03, p=0.95,
Males, D=0.03, p=0.99; Maximum growth rate at inflection point: Females, D=0.03, p=0.84, Males,
D=0.04, p=0.32;). Neither the estimates of body mass at one year nor the estimates of latency to
reach 90 percent of the maximum body mass appeared to originate from a bi- or multimodal
distribution (Figure 2, Hartigan’s dip test, Mass at the age of 1 year: Females, D=0.03, p=0.76, Males,
D=0.02, p=0.99; Latency to reach 90 percent of maximum body mass: Females, D=0.03, p=0.85,

Males, D=0.05, p=0.2;).

Individuals in larger groups exhibited slower growth rates. In large groups, the body mass of males
and females at the age of one year was lower than in small groups (Table 1). Males reached lower
predicted maximum body mass in large groups whereas predicted maximum body mass was
independent of group size in females (Table 1). Additionally, males needed more time to reach 90
percent of their maximum body mass when they were born into a late litter (produced by a female

that raised many litters before), while this effect was absent in females (Table 1).
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Figure 1: Growth trajectories as projected by the Gompertz model for 171 subordinate mole-rats of our
study population split in a) females (N=92) and b) males (N=79). c) lllustrates the mean maximum body mass
difference between males and females.
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Figure 2: Distribution of growth parameters in males (N=79, top row, panels a-e) and in females (N=92,
bottom row f-j), including data from 171 individuals.



Table 1: Social factors explaining growth components in Damaraland mole-rats. Summarised are LMMs with
Gaussian error structure including litter and group identity as random factors. Sample size is N=92 for
females and N=79 for males.

Body mass at one year: Females
Estimate SE P
Intercept 4.80 0.06
Group size -0.02 0.007 0.01
Litter size -0.01 0.01 0.62
Litter succession -0.02 0.02 0.25
Sex Ratio (litter) -0.11 0.07 0.12
Body mass at one year: Males
Intercept 5.19 0.13
Group size -0.03 0.01 <0.001
Litter size -0.03 0.02 0.27
Litter succession -0.03 0.02 0.19
Sex Ratio (litter) -0.03 0.09 0.77
Predicted maximum body mass: Females
Intercept 144.36 9.99
Group size 0.32 1.74 0.87
Litter size -0.16 4.36 0.98
Litter succession 2.89 4.19 0.50
Sex Ratio (litter) -0.67 18.48 0.95
Predicted maximum body mass: Males
Intercept 233.9 16.48
Group size -4.17 1.78 0.02
Litter size -5.12 5.4 0.35
Litter succession 0.27 4.14 0.94
Sex Ratio (litter) -11.55 16.03 0.45
Latency to maximum body mass: Females
Intercept 6.13 0.14
Group size 0.02 0.01 0.11
Litter size -0.01 0.04 0.80
Litter succession 0.01 0.04 0.77
Sex Ratio (litter) 0.14 0.14 0.36
Latency to maximum body mass: Males
Intercept 6.34 0.58
Group size -0.003 0.01 0.83
Litter size 0.001 0.03 0.96
Litter succession 0.5 0.02 0.04
Sex Ratio (litter) -0.08 0.09 0.39
Discussion

Although growth trajectories in Damaraland mole-rat populations vary widely among individuals, our
results suggest that individual variation in growth is unimodally distributed and differences may be

caused by growth reductions resulting from competition with other members of the group. Despite




superficial similarities with eusocial insects, mole-rats do not appear to exhibit discrete growth
trajectories that predispose them to their role later in life, or preclude the expression of particular
life history trajectories, as in some of the more specialised eusocial insects (9, 10, 18). Variation in
growth in Damaraland mole-rats appears to resemble that in other cooperatively breeding
vertebrates and eusocial insect species where specialisation of workers does not result in discrete
body size polymorphism. In vertebrates, division of labour is rare and individual differences in
behaviour often result from age-related variation rather than from specialisation of individuals to

fixed roles (12, 19).

In line with previous research, Damaraland mole-rats in larger groups grew more slowly, and
mothers that had previously raised many litters produced males that needed longer to reach
maximum body mass (7, 8). We found no evidence that sex-ratio at birth or litter size have long
lasting effects on growth. This suggests that competition among subordinates in large groups may be
the major social factor reducing growth, whilst direct resource availability (our study population
receives ad libitum food) and interactions with the dominant breeders are unlikely to generate the
observed growth patterns. This contrasts with the situation in some cooperative vertebrates where
interactions with breeders or more dominant individuals inhibits growth (20) and group size

positively influences growth rates (2).

Like the males of many other polygynous and polygynandrous mammals, male Damaraland mole-
rats grew faster, achieved higher maximum body masses, and needed more time to reach maximum
body mass than females. Additionally, male maximum body mass was lower in large groups, which
was not the case in females. Whereas those characteristics are common among mammals (1), they
are unusual for cooperatively breeding species, such as mole-rats and meerkats, where intense
competition among females leads to longer periods of growth and to secondary growth spurts in
females (21-24). This may suggest that patterns of intra-sexual competition in Damaraland mole-rats

are more similar to those in conventional mammals where males are the more competitive (and



larger) sex than to those in other cooperatively breeding species where females are the more

competitive sex (21-23).
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