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absTracT:

The skeletal development of the European rabbit during its first weeks of life is a poorly documented 
phenomenon whose potential applications reach to various fields of research. In this paper a table is provided 
to turn the lengths of seven skeletal elements (mandible, humerus, radius, ischium, ilium, femur and tibia) 
into weight and age equivalents. The database consisted of sixteen rabbits of known size and weight from the 
same population whose ages were previously estimated through the application of widely used age-weight 
regression equations. This reference should allow faunal analysts to recognize those size thresholds for each 
element below which rabbits are not able to leave the burrow, a feature that will help spot them as intrusive 
elements in archaeological deposits.
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1. INTRODUCTION

Small prey exploitation by hominines is a heated 
debate in prehistoric archaeology (Jones 2004; 2006; 
Lloveras et al. 2009). In the western Mediterranean 
region, and the Iberian peninsula in particular, this 
debate has been focused mostly on the role played 
by the European rabbit (Oryctolagus cuniculus, 
L.1758), a highly prolific, keystone species that 
constitutes one of the main prey items for a wealth of 
avian and mammalian predators (Corbet 1994; Deli-
bes-Mateos et al. 2008; Wilson et al. 2016). Although 
the consensus nowadays concedes that rabbits were 
systematically preyed by Neanderthals prior to the 
arrival of Anatomically Modern Humans (AMH), the 
specificities of the phenomenon are still far from 
settled as of this writing (see Callou 2003 and Llove-
ras 2011, with references therein).

One major drawback that daunts the rabbit ex-
ploitation debate to this day has to do with the often 
taphonomically ambiguous nature that rabbit re-
mains bear on archaeological deposits. Indeed, un-
like most lagomorphs, rabbits are fossorial animals 
whose complex warrens and intricate system of galle-
ries, are dug wherever soil conditions allow. It so 
happens that the often poorly or medium compacted 
sediments that archaeological deposits represent, 
both on sheltered and open-air sites, constitute opti-
mal ground (literally!) for the activity of this animal. 
Once galleries are dug, all sorts of archaeological 
“mishappenings”, from a mixing of materials to a 
collapse of levels, can take place in a stratified depo-
sit. Still, due to the difficulty of detection during ex-
cavation, the most deleterious effect rabbit activities 
exert in archaeology is the intrusion of their bones 
into animal deposits from a previous time (Pelletier 
et al. 2017). Given the altricial (non-precocious) na-
ture of newborn rabbits, animals from the youngest 
cohorts (i.e. age groups), with severely restricted mo-
bility, stand the highest chances of dying or being 
trapped in their dens when galleries collapse or are 
flooded. For that reason, along with other potential 
signatures, checking for infantile and juvenile rab-
bits has become a routine for analysts looking for 
clues of intrusive animals in archaeological deposits 
(Pelletier et al. 2016; 2017). Although osteological 
studies exist that address rabbit age (Jones 2006), the 
few papers dealing with the first two weeks of life 

refer to the eruption of the upper and lower incisors 
in the cotton-tail rabbit, Sylvilagus floridanus, and the 
deciduous dentition replacement in the European 
rabbit (Dice and Dice 1941; Horowitz et al. 1973). 
How does one reliably recognize a young rabbit that 
could not leave its warren from another one that 
could? In other words, how small must a rabbit bone 
be to be sure that it represents an individual from the 
former but not the latter category? As things presently 
stand, we have essentially no data on the size of bones 
from rabbits during their first weeks of life. For that 
reason, the main goal of this paper is to provide data 
that will help fill this dearth of information.

 

2. EARLY DEVELOPMENT OF THE EURO-
PEAN RABBIT 

Despite the crucial ecological role the European 
rabbit plays in Western Mediterranean terrestrial 
food webs and as invader into the regions where it 
was intentionally introduced, the details on its early 
somatic development are still wanting in their de-
tails. Corbet and Southern (1977) study on the Bri-
tish islands mention that wild newborn rabbit 
weight ranges between 30-35 g, yet Lockley (1965) 
working mostly in Wales, reports that newborns do 
not normally reach to two ounces (i.e. 56 g). In Aus-
tralia newborn weight average reaches to 57 g, and  
increases at an approximate rate of 7,4 g per day, so 
that when animals emerge from the nest when 21 
days old they weight about 185 g (Myers 1958). In 
the case of the domestic rabbit, in turn, Harant et al. 
(2001) record an average newborn weight of 79 g on 
a sample of 123 individuals. Other data suggest that 
when dry conditions prevail, all unweaned mem-
bers of the population die, and the growth rates of 
recently weaned rabbits are markedly retarded (Sori-
guer and Rogers 1979; Rogers et al. 1994). Such large 
differences may probably reflect another important 
yet barely explored issue, namely that average new-
born weight depends on factors such as the age of the 
female –who will give birth to lower weight offspring 
when breeding for the first time–, litter number –
weight inversely correlating with the number of 
newborns–, and environmental variables having to do 
with the season of the year, climate, plant density and 
productivity, etc. In the case of the Iberian peninsula, 
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the only mention to newborn weight are the seven 
wild specimens from which Soriguer developed his 
growth curve, whose values are nowhere specified 
(Soriguer 1980; 1981). Under such circumstances, it 
seems difficult to settle for a standard newborn 
weight, a range of 30-60 g being a probably much 
safer bet than any specific figure. What both Corbet 
and Southern (1977) and Lockley (1965) stress is 
that weight at birth essentially doubles during the 
first week of life. This growth rate also applies to do-
mestic rabbits (Harant et al. 2001). Given that a li-
near growth rate has been detected for the first 
months of life in the species, that will bring the new 
range of weights to oscillate between 60-120 g during 
the first week of life, doubling during the second 
week when eyes become functional (10 days is the 
maximum estimate for this event, with 7-8 days re-
presenting the average) (Ferreira and Ferreira 2014). 
Corbet and Southern (1977) mention that the young 
first exit the warren on their 18th day of life, when 
average weight approaches 140 g, although these are 
short-lived excursions as the animals are still lacta-
ting. Females stop lactating around the start of the 4th 
week of life (most often from the 23th to the 25th day) 
when weight averages around 150 g (Corbet and 
Southern 1977). After the 4th week of life, when 
weight ranges between 250-300 g, rabbits start gra-
zing during progressively more prolonged periods, 
becoming vulnerable to a wider range of predators. 
After the first month of life it appears that weight 
gains oscillate between 40-60 g per week. Taking these 
values as reference, weight gains during the ensuing 
ten weeks would range as follows:

5th week:  240-310 g
6th week:  280-370 g
7th week:  320-430 g
8th week:  360-490 g
9th week:  400-550 g
10th week: 440-610 g
11th week: 480-670 g
12th week: 520-730 g
13th week: 560-790 g
14th week: 600-850 g

Although original pooled data from males and 
females estimated a minimum weight for adult (i.e. 
mature) rabbits in southern Iberia to be 900 g (Sori-
guer 1981), that figure was later more accurately set 

at 1125 g for males and 1025 g for females (Arqués 
and Peiró 2005). These weights are essentially similar 
to those reached by rabbits (subspecies O. c. cuniculus) 
in Great Britain whose maximum weight ranges 1.2-
2 kg although Callou (2003) records more marked 
weight differences between the two European subs-
pecies [O. c. cuniculus (NE Spain and Northern Eu-
rope): 2 kg; O. c. algirus (SW Iberia): 1 kg]. One pro-
blem of restricting values to single figures is that 
these do not take into account the differences that 
exist, even in adults of similar age, depending on 
factors such as the condition and sex of the speci-
men, environmental productivity, density, etc. 
Although some works attempt to set apart biometric 
differences between subspecies from the effects of 
geography and sex, more research is needed since 
other factors should be considered (Ferreira et al. 
2016). Indeed, given the large amount of phenotypic 
variability among present rabbit populations, this is a 
crucial aspect of any future research (Pelletier 2019).

To sum up, whereas the sources of variability for 
weights are not only age-dependent, most data refer 
to adult specimens, the evolution of weight during 
the early weeks of life being preciously scarce.

3. MATERIAL AND METHODS

For this study 16 non-adult rabbits, covering a 
weight range from 105-855 g, were studied. Although 
this is clearly a restricted sample, it nevertheless co-
vers the weight range that corresponds with the fast 
growth period of rabbits from their first week of life 
until reaching maturity (14/15th week). This allows 
us to quantify weight increase with the somatic 
growth of the bones, expressed as linear measure-
ments (once weight increase becomes stabilized 
around 800-900g, no possibility exists of establis-
hing a reliable relationship between weight and age, 
measurements or others).

The specimens derive from a legal bagging opera-
tion (“saca”) that took place on June 26th, 2016 on a 
collective hunting ground (“coto”) near the town of 
Trescasas (Segovia, Spain:  40º 57’ 36.21’’ N, 4º 02’ 
16.42’’ W). The location of Trescasas is interesting 
since it lies within the hypothetical NW-SE hybridi-
zation band that purportedly separates the subspecies 
of rabbits described for continental Europe. For such 
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reason, a complementary goal of our research will 
aim at exploring how growth parameters from our 
sample, specifically weight, compare with those 
from published populations of O. c. cuniculus and 
O. c. algirus (work in progress).

A series of standard body measurements were 
taken in all specimens. These include “body” length 
(i.e. head+body), tail length, length of the right pos-
terior foot and length of the right ear lobe. Still, the 
only corporal parameter deemed appropriate for our 
study was weight. Weight was taken in the labora-
tory on fresh specimens thus it is possible that some 
weight loss occurred between capture and recording. 
Although probably negligible (only specimens in 
fine condition not exhibiting bleeding or damage of 
any sort were selected), it is possible that weight va-
lues represent under-estimations this being a source 
of variation one needs to keep in mind when trying 
to establish cohorts. 

Protocols carried after skeletonization included 
an evaluation of epiphyseal fusion and tooth repla-
cement for each specimen along with the measure-
ment of relevant bones. In addition to the mandible 
(skulls disintegrated during the skeletonization 
process), state of fusion was recorded on the most 

frequently retrieved limb bones (i.e. humerus, ra-
dius, femur and tibia) as well as the main ossification 
centres of the pelvis, namely the ilium and ischio-
pubic bones. Although the essentials of measuring 
follow Driesch (1976), working with diaphyses de-
void of epiphyses called for a slight re-framing of the 
measuring points in the case of the appendicular 
elements and the inclusion of new measuring points 
for the pelvic elements. Although width and breadth 
were taken in all limb bones, in this paper we will 
only present data on the greatest linear measurement 
from each element. In the case of the mandible this 
would correspond with measurement 1 from Driesch 
(1976: fig. 25), and in the humerus, femur and tibia 
with the greatest length (GL) of the diaphysis (i.e. 
from the most proximal to the most distal point) (fig. 
1, 3 to 1, 5). In the case of the greatest lengths of the 
pelvic bones, the measuring points are the most cra-
nial and the most caudal prominences on each ele-
ment (fig. 1, 1 and 1, 2), whereas the bending of the 
radius in young rabbits turns this length into more of 
a diagonal (DL) than a “straight” one (parallel to the 
main axis) (fig. 1, 6). One must remark that only un-
fused elements were considered for this study in or-
der to make measurements comparable. In this way, 

Fig. 1: Measuring points to re-
cord the greatest length (GL) 
of the Ischio-pubis (1), Ilium 
(2), Femur (3), Tibia (4), Hu-
merus (5) and Mandible (7) 
and the diagonal length (LD) 
of the Radius (6). All elements 
shown are dextral in cranial 
(3, 4, 5, 6), ventro-lateral (1, 2) 
and lateral (labial) views (7). 
Illustrations by Daniel Mar-
chena Pérez.
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when an element exhibited a partial or total fusion 
of one of its epiphyseal centers it was not measured. 
Measurements were taken with a Mitutoyo digital 
caliper whose reading error is +/- 0.01mm. Although 
enzyme activity during skeletonization can wear 
away the growth plate of appendicular bones, this 
wearing was deemed negligible. Still, in order to 
neutralize for that contingency, we considered that 
the error implicit in our measurements was never 
below +/- 0.1 mm.

Since the age of our specimens was unknown, 
we used age-weight tables and formulae available 
for rabbit populations from England, Australia, 
Southern Spain and Portugal given the good correla-
tion existing between both parameters (Dunnet 1956; 
Ferreira and Ferreira 2014; Soriguer 1981; Southern 
1940). The equations for estimating age from weight 
data appear in Figure 3. Once this was done, weight of 
our specimens was correlated with each of the seven 
linear measurements selected for analysis. This corre-
lation was developed through linear regression equa-
tions established between a given specimen’s weight 
and the osteometrical values of each of its seven ele-
ments. Only dextral elements were used for this pur-
pose. When these were missing, the left element was 

taken. Because weight shows an exponential growth 
when compared with bone growth, both variables of 
the regression were logarithmically transformed so 
that their relationship could be expressed as a linear 
model.

Correlation between variables was tested with 
Pearson’s correlation coefficient using the “R” pac-
kage (v. 3.6.1; R Core Team 2019), thus was simulta-
neously represented as graphs. A 95% confidence 
interval and the range of possible predictions were 
also estimated.

4. RESULTS AND DISCUSSION

Figure 2 provides the individual measurements 
of the studied elements for each specimen. Incorpo-
rating their weights in the table allows for a prelimi-
nary overview, however coarse, of visualizing how 
bone growth correlates with corporal development. 
In this way, figure 2 constitutes a preliminary tool to 
infer weight from osteometric data during the early 
development of the rabbit. As can be seen on the hu-
merus, fusion of the distal epiphysis starts with spe-
cimen AMM66 (560 g), whose dextral trochlea is 

Fig. 2: Diagonal length (Radius) and greatest length (all remaining elements) in millimeters of the specimens (identified by 
weight) analyzed for this study. [(-): not available; (F): element featuring fusion of some ossification centres)]. For specimen 
code see Figure 4.
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partially fused (+/-) though not its parasagittal equi-
valent. It appears that humeral trochleae would be 
fully fused above 600 g as our two specimens above 
this threshold evidence (AMM65: 625 g; AMM64: 
855 g). The latter specimen additionally exhibits full 
fusion of the proximal epiphyses of the radius and 
the pelvic bones; all remaining fusion centres on our 
samples remain unfused. Although the fusion of the 
ilium and the ischio-pubis on specimen AMM64 
may suggest that this individual might have been 
able to gestate from a strictly biomechanical stan-
dpoint (i.e. it might be either mature or reaching ma-
turity, when skeletal development levels off), its 
weight falls well below the +1 kg sexual maturity 
threshold reported for Iberian rabbits (Arqués and 
Peiró 2005).

The application of the age-weight regression equa-
tions (fig. 2) on our weight data provided an additional 
way to infer the age of our specimens (fig. 3; fig 4). One 
first issue to remark are the rather striking differences 
in age values for any given weight depending on the 
equation used. This should come as no surprise given 
the multiple sources of variation affecting growth and 
the fact that none of them were taken into account 
when the equations were developed (Dunnet 1956; Fe-
rreira and Ferreira 2014; Soriguer 1981; Southern 
1940). In other words, the data on which the equations 
were based are not standardized. Also evident is that 
the differences of the age estimations are larger in the 
smallest specimens and smaller in the largest ones. 
This might explain why the smallest of our specimens 
in terms of the osteometry of several elements (AMM78) 
is ca. 40% heavier than the lightest one (AMM79) (fig. 
2). Still, although development may start with rather 
different weight differences at birth and proceed faster 
or slower during this period of “exponential” pre-ma-
turation growth depending on the circumstances, it 
appears that rabbits tend to converge on a given weight 
(rather weight range) upon reaching maturity. This 
makes perfect biological sense since below a certain 
weight it seems probable that the reproductive effort 
could be compromised. 

Independently of these biological considera-
tions, it seems that the southern Spanish popula-
tion studied by Soriguer (1981) at Coto de Doñana 

Fig. 3: Equations for estimating age (t) in rabbits from 
weight values (W). [(A): Fereira & Ferreira (2014); (B) Sori-
guer (1981); (C) Southern (1940); (D) Dunnet (1959)].

Fig. 4: Age estimation of specimens (AMM) through weight data applying the equations from Soriguer (1981), Ferreira & 
Ferreira (2014), Southern (1940) and Dunnet (1959) (see figure 3).
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is the outlier on this age-weight table. And its diffe-
rences do not make much sense. In this way, one of 
our smallest specimens (AMM79), certified to be on 
its first week of life by three of the equations that set 
its age between 9-11 days (fig. 4), would, according 
to Soriguer (1981), be instead 23 days old (i.e. non-
lactating). This seems baffling given that most of the 
small rabbits could barely move when forced out of 
the warren, thus were probably still lactating (N. Ba-
tuecas, verb. com.). For such reason, we refrained 
from using Soriguer’s estimations and turned instead 
to the pooled average of ages based on the remaining 
equations. These age inferences are provided in the 
final column on figure 4 and evidence that the age 
range we are dealing with here would run roughly 
from the end of the first week to the fourth or per-
haps fifth month of life (fig. 4).

The correlation of weight with the selected osteo-
metrical parameters yielded high correlation coeffi-
cients (r2) in all seven instances (i.e. no single value 
below 0.87). The regression equations that allow 
weight (fig. 5), and eventually age, to be inferred 
from the lengths of these seven elements are as fo-
llows (W = weight):
Ischium: ln(W) = 2,0163 x ln(IS(GL)) − 0,1538 (r2= 
0,9018)
Ilium: ln(W) = 2,0506 x ln(IL(GL)) − 0,4728 (r2= 0,8859)  
Humerus: ln(W) = 2,0781 x ln(H(GL)) − 1,5724 (r2 = 
0,8897)
Radius: ln(W) = 2,0706 x ln(R(DL)) − 1,2228 (r2= 0,887)
Femur: ln(W) = 1,9978 x ln(F(GL)) − 1,7211 (r2 = 
0,8766)
Tibia: ln(W) = 2,0257 x ln(T(GL)) − 2,0280 (r2 = 0,8999)
Mandible: ln(W) = 3,2561 x ln(M(GL)) −0,4728 (r2= 
0,9276)

As can be seen in figure 5, not all elements featu-
re similar growth rates, completing growth at diffe-
rent times. In particular, the data show that the main 
elements of the forelimb (humerus and radius) have 
their epiphyses fusing at far lower weights than their 
hindlimb equivalents, reaching growth plate senes-
cence earlier (none of the femora nor the tibiae in 
our sample had their epiphyses fused to the diaphy-
sis). These differences in ossification times conform 
with the data provided in previous works (Heikel 
1959; Taylor 1959). This fact alone indicates that the 
hindlimb of the rabbit, essential for its peculiar 
mode of locomotion, keeps on growing for a far longer 

time than the markedly shorter forelimb. Unless ske-
letons are found complete, other factors being equal, 
the implications of these differences when transla-
ted into age groups suggest that forelimb elements 
may provide a biased age profile of archaeological 
populations, allotting as reproductive (mature) indi-
viduals below their reproductive age. 

Keeping in mind that weight increase in relation 
to the increase in length of any given element is sma-
ller in bones whose length range is wider, it can be 
said that the reliability of the weight estimation will 
be higher if there is a minor variation of the weight 
when length increases. In other words, the effect of 
the error is minimized, so there is a higher variation 
in the length with the same weight increase. In this 
way, despite not scoring the highest r2 values, the 
best predictors of weight in young rabbits would be 
the tibia and the femur

In order to provide a preliminary correspondence 
between our data and archaeological samples, we 
have defined five cohorts of non-mature rabbits ba-
sed on their weight and biometrical values (fig. 6; fig. 
7). Each cohort features non-overlapping corporal 
parameters in terms of weight and bone size, as well 
as non-arbitrary biological landmarks, namely:
1. Newborn (cohort I; approx. first week of life: eyes 
closed)
2. Infantile (II; after first week of life: eyes open but 
still lactating)
3. Juvenile (III; second half of the first month of life: 
grazing starts)
4. Juvenile/subadult (IV; second and third months of 
life: animals venture outside of the warren during 
prolonged periods of time)
5. Subadult (V; above three months of life: non-matu-
re but otherwise behaving as an adult)

In principle, and from the standpoint of the ar-
chaeozoologist, newborns and infantile specimens 
would be difficult to capture except for predators 
venturing into the warren. For such reason, these 
would be the best markers to reveal the contamina-
tion of an archaeological deposit by rabbits. Juveni-
les could be preyed by a wealth of raptors and carni-
vores but very unlikely by people unless ferreting 
beasts were used. Their presence in an archaeological 
deposit would call in most cases for a taphonomical 
analysis to determine the collecting agent(s). Mem-
bers of cohort IV are reaching a size that makes them 
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Fig. 5: Regression line and correlation equation of the natural logarithmic transformation of weight on the lengths of selec-
ted elements (continuous line). The 95% interval of confidence is represented by the dashed inner line and the prediction 
intervals by the dashed outer line.
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more attractive to human hunters, the lower energy 
intake they represent being more than compensated 
for by their inexperience, thus the facility to hunt 
them. Still, presence of cohort IV individuals, when 
monopolistic, would require work to elucidate the 
nature of the collecting agent. Lastly, subadults 
could be considered, for all practical (hunting) pur-
poses, regular prey items for humans.

5. CONCLUSSIONS

Despite the numerous questions that the study of 
very young animals (newborns and even foetuses), 
raises for addressing a wealth of archaeological is-
sues, the study of these cohorts has, as of this wri-
ting, lagged behind that of adults. Lack of reference 
collections and higher chances of their remains 
being lost in deposits when these are improperly ex-
cavated may explain such a state of affairs but are 
definitively not the sole reason for this systematic 
neglect. The data presented in this paper are interes-
ting and contentious, and further work along these 
lines is needed to substantiate and refine proposals 
such as the five cohorts of non-mature rabbits. In 
addition, further work is needed to test the validity 

of the weight/age/size correlations in more popula-
tions and to refine the assignment of age based on 
biometrical parameters. We therefore conclude by 
stating that we hope our paper will help pave the 
way to a more systematic study of very young animal 
remains in a not too distant future.
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