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Abstract: Stable isotope analysis (SIA) is an evolving method for determining diet, understanding food 
web and resolving biogeochemical issues in the ecosystem. This study aims to trace out ecological niche 
preferences/partitioning and competition among the lagomorphs, including two different breeds of European 
rabbit (Oryctolagus cuniculus), New Zealand rabbit and American Dutch rabbit, using SIA. Thirty-two samples 
of tooth enamel were analysed, which were collected from different districts of Punjab, Pakistan, including 
Okara, Sahiwal and Kasur. Among these samples, 16 belonged to the New Zealand breed (08 male and 08 
female rabbits) and 16 to the American Dutch breed (08 male and 08 female rabbits). Significant (P<0.001) 
intergender differences in the isotope content of δ13C in the enamel for New Zealand and American Dutch 
rabbit were found. The European rabbits showed significant differences for both genders in the stable 
isotope of oxygen in the enamel (δ18O) values (P=0.05). Nitrogen stable isotope results showed no significant 
intergender differences between American Dutch and New Zealand rabbits (P=0.24). The stable isotope 
results for δ13C, δ15N, and δ18O indicate that the trophic niche partitioning of both breeds overlaps, which can 
potentially cause competition for resources, whereas the water intake may differ among different genders, 
which may reflect differential gender-related activities. The archaeological and fossilised data of lagomorphs 
is present, but there is no significant literature available for living lagomorphs (rabbits). In general, this study 
provides a basic and first dataset for δ13C, δ15N, and δ18O of living lagomorphs, which can serve as a 
comparative dataset for future studies.
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INTRODUCTION

Stable isotope analysis (SIA) is a rapidly growing method (Walter et al., 2014) for determining diet (Hussey et al., 2012) 
and environmental implications of animals (Ehleringer and Osmond, 2000), reconstructing individuals’ life histories, 
understanding food web structures (Pecquerie et  al., 2010) and resolving biogeochemical issues in ecosystems 
(Peterson and Fry, 1987). The environmental landscapes of prehistory can be revealed by studying the stable isotopes 
in the bones and teeth of ancient animals (Koch, 1998; Hedges et al., 2004; Somerville et al., 2020).

Stable isotopes of carbon and nitrogen are widely used in ecological studies, for example on animal migration and the 
natural food web (Camin et al., 2007; Sandberg et al., 2012). The δ13C values of animal bone tissues correlate with the 
δ13C values of plants, ingested at the bottom of the food chain (DeNiro and Epstein, 1978; Schoeninger and DeNiro, 
1984; Somerville et al., 2018). Carbon from the atmosphere is fixed in plant tissues through the photosynthetic cycle 
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(Somerville et al., 2020). The C3 photosynthetic pathway is mostly found in humid shrubs, forbs, trees and leguminous 
species, which show δ13C values ranging from –35 to –20‰ (O’Leary, 1988; Kohn, 2010; Somerville et al., 2018). 
C4 plants are mostly dry seasoned grasses, with δ13C values ranging from –15 to –7‰ (O’Leary, 1988; Somerville 
et al., 2018). In turn, CAM (crassulacean acid metabolism) photosynthesis is predominant in xerophytes (such as 
succulents) and epiphytes (such as orchids and bromeliads), with δ13C values that are in between C4 and C3 plants 
(Sternberg et al., 1984; O’Leary, 1988; Somerville et al., 2020).

The variation in δ15N values within terrestrial environments is more complex due to systematic dynamics (Somerville 
et al., 2018). Diet can be analysed from a quantitative and qualitative point of view (Marín-García et al., 2023a, 
b). Dietary nitrogen values affect the mammalian bone collagen δ15N values (DeNiro and Epstein, 1981; Somerville 
et al., 2018), over broad altitude, latitude and temporal scales, along with seasonality and small geographic areas. 
The increase in temperature and aridity enhances the opening of the nitrogen cycle, which relatively increases the 
enrichment of isotope nitrogen and shows a more positive value (Ambrose, 1991; Gröcke et al., 1997; Amundson 
et al., 2003; Aranibar et al., 2004; Somerville et al., 2018). Animals in cooler and wet environments show lower 
δ15N values than those in hot and dry environments (Heaton et  al., 1986; Ambrose, 1991; Gröcke et  al., 1997; 
Amundson et al.,2003; Aranibar et al., 2004; Stevens et al., 2006; Somerville et al., 2018). Usually, mean annual 
temperature is directly proportional to the δ15N levels of soil and plants and inversely proportional to mean annual 
precipitation (Martinelli et al., 1999; Amundson et al., 2003; Aranibar et al., 2004; Szpak et al., 2013; Craine et al., 
2015; Somerville et al., 2018). This variation is attributed to differences in open and closed environments. An open 
environment means one in which animals rely on surface water for their body water requirements, whereas a closed 
environment is one in which animals fulfil most of their water requirements from consumed diets (leafy plants).

Warm and dry open systems are more sensitive to the mineral leaching and denitrification processes of soil nitrogen 
isotope fractionation, whereas cold and moist closed systems store and regenerate mineral nitrogen more efficiently, 
resulting in lower δ15N values (Shearer and Kohl, 1986; Austin and Vitousek, 1998; Handley et al., 1999; Amundson 
et al., 2003; Somerville et al., 2018).

The stable isotope values reveal bone mineral carbonate and organic bone collagen; however, they also indicate 
slightly distinct diet features. Animals obtain oxygen through three separate processes: (a) drinking water, (b) water 
extracted from the diet, (c) inhaling, and water is excreted through sweat, exhalation, and urination (Sponheimer 
and Lee-Thorp,1999; Koch, 2007; Blumenthal et al., 2017; Waseem et al., 2021a). The temperature, amount of 
precipitation, latitude and altitude influence the δ18O values of meteoric water (δ18Oot) and the animals that obtain their 
water by drinking surface water and from feeding (Dansgaard,1964; Waseem et al., 2021a). The variation of δ18Oenamel 
values reflects the ecological differences among animals. Lower δ18Oenamel values indicate a preference for closed and 
humid habitats, such as forests, whereas higher δ18Oenamel values suggest an adaptation to open and arid habitats, 
such as savannahs or grasslands (Feranec and MacFadden, 2006; Waseem et al., 2021a). Based on physiology and 
behaviour, animals are categorised into two types: (a) evaporation sensitive (ES) and (b) evaporation insensitive (EI) 
animals. The ES animals fulfil most of their water requirements from the consumed diet (leafy plants) and mostly show 
ruminant behaviour (δ18O values of enamel are interconnected to the evaporation of leaf water), whereas EI animals 
present non-ruminant behaviour that relies on surface water for their body water requirements (δ18Oenamel is linked to 
local drinking water sources) (Levin et al., 2006; Waseem et al., 2021a).

The archaeological and fossilised ecological data on lagomorphs is available, but to the best of our knowledge there 
is no SIA-based ecological literature available for living lagomorphs (rabbits). According to Rizwan et al. (2021), there 
are intergender and intraspecific morphometric/craniometric variations in the two breeds of Oryctolagus cuniculus: 
New Zealand rabbit and American Dutch rabbit. This finding leads to an inquiry regarding their dietary preferences, 
which may also depend on their differential diet or role in the population. However, there is a dearth of information 
to testify ecological preferences of living lagomorphs (both interbreed differences and intergender differences) based 
on SIA. Our study aims to trace out the ecological and dietary preferences of lagomorphs and bridge this gap by 
analysing the SIA of two different European rabbit breeds (Oryctolagus cuniculus), namely New Zealand rabbit and 
American Dutch rabbit.
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MATERIALS AND METHODS
Ethical approval

Approval for this animal-based study was granted by the Departmental Ethical Committee, Department of Zoology, 
University of Okara, Pakistan, Letter No. UO/DOZ/2020/195b, Dated: 08-05-2020.

Sampling

Tooth enamel samples of two breeds of (Oryctolagus cuniculus), New Zealand rabbit and American Dutch rabbit, were 
analysed for the estimation of stable isotopes ratio of carbon, oxygen and nitrogen. The animals were captured with 
animal traps usually used for rodents. Animals were collected from the different areas/locations of the three districts: 
Okara, Sahiwal and Kasur of Punjab, Pakistan (Figure 1).

Data collection

A collection of 32 European rabbits (Oryctolagus cuniculus) having maxillae and mandibles portion in addition to upper 
and lower incisors were used for SIA. Among this collection of 32 breed samples; 16 belonged to the New Zealand 
rabbit breed (08 male and 08 female rabbits) and 16 belonged to the American Dutch breed ( 08 male and 08 female 
rabbits). Google Lens and the ARBA (American Rabbit Breeders Association) website were used to identify the rabbit 
breeds. Most of the rabbits were collected from different villages, where they were in semi-domesticated conditions 
and were free to choose their food among the different types of vegetation present in the villages of Punjab, Pakistan.

Enamel extraction

To acquire a drilled sample of tooth enamel, molars were selected. The powdered enamel was extracted by drilling 
the samples using a M-3 Champion drill machine. In a confined chamber, drilling was done from the lingual side of 
the tooth from the root to crown direction (bulk samples). A fine-tipped brush was used to collect the powder and 
transfer it to plastic vials. Fifteen milligrams of drilled enamel powder were processed for further analysis (Waseem 
et al., 2021b).

Pre-treatment and analysis of samples

Powdered enamel was pre-treated with 10 mL of 2% NaOCl for 1 h to dissolve the organic matter, then decanted 
and rinsed three times with distilled water. The samples were then treated with 10 mL of 0.1% acetic acid for 1 h to 
eradicate exogenous carbonates (Waseem et al., 2021b).

The isotopic analysis of δ13Cenamel, δ
18Oenamel, and δ15Nenamel was subjected to the Isotope Ratio Mass Spectrometer 

at PINSTECH (Pakistan Institute of Nuclear Science and Technology), Islamabad. The isotope measurements are 
calibrated based on repeated measurements of NBS-19 and NBS-18, and precision is 0.08‰ for δ13C (V-PDB), 
0.11‰ for δ18O (V-PDB) (Waseem et al., 2021b) and 0.2‰ for δ 15N (N2). ANOVA (analysis of variance) was applied 
using SPSS version 16.00 for statistical analysis.

bbaa

Figure 1: a) Localities of different villages of three districts (Kasur, Okara and Sahiwal) of Punjab Pakistan; b) the 
coordinates of the localities where the rabbits were collected for current SIA.
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RESULTS

Carbon isotopes (δ 13C)

The maximum value for the δ13C isotope of New Zealand male rabbits was –10.2‰ and the minimum was –10.5‰, 
with an average value of –10.4‰. In turn, the female population of New Zealand rabbits showed a range from 
–12.2 to –14.8‰. The average value among the female rabbits was –13.3‰. The mean value and standard 
deviation of New Zealand male and female rabbits were –10.4±0.1 and –13.3±1.0‰, respectively. The maximum 
value for American Dutch female rabbits was –13.8‰ and the minimum value was –15.8‰, whereas the mean 
value was –15.3‰. The mean value and standard deviation of American Dutch male and female rabbits were 
–13.3±1.2 and –15.3±0.8‰, respectively. The breed-wise comparison for male (New Zealand and American 
Dutch) and female (New Zealand and American Dutch) rabbits showed mean value and standard deviation of 
–10.4±0.1 to –13.3±1.2‰ and –13.3±1.0 to –15.3 ±0.8‰, respectively (Table 1). ANOVA showed significant 
intergender differences in δ13C values of New Zealand rabbits and American Dutch rabbits (P<0.001). The breed-wise 
comparison also demonstrated significant differences in male rabbits (P<0.001), but no significant differences were 
observed for female New Zealand and American Dutch rabbits (P=0.06).

Oxygen isotopes (δ 18O)

The δ 18Oenamel values of New Zealand male rabbits ranged from +2.9 to +2.5‰ with a mean value of +2.8‰, while 
the female population of rabbits showed a range from +2.8 to +2.3‰. The mean value among the female rabbits 
was +2.6‰. The maximum value for δ 18Oenamel of American Dutch male rabbits was +3.6‰ and the minimum 
was +2.3‰ with a mean value of +2.8‰. However, the maximum and minimum value of American Dutch female 
rabbits was +4.4 and +2.6‰ respectively. The mean value was +3.2‰ between the female rabbits (Table 1). The 
mean value and standard deviation for both genders of New Zealand and American Dutch rabbits were 2.7±0.2 and 
3.2±0.6‰, respectively (Table 1). ANOVA indicated that δ18Oenamel for both genders of New Zealand and American 
Dutch rabbits were significantly different (P<0.05).

Nitrogen isotopes (δ 15N)

The maximum value for δ 15N of New Zealand male rabbits was +14.8‰ and the minimum value was +11.4‰, 
with a mean value of +13.9‰, while the female rabbits showed a range from +14.9 to +12.4‰. The mean value 
was +13.8‰ between the female rabbits. There was a mean value of +13.5‰ between the maximum value of 
+15.5‰ and the minimum value of +12.3‰ of American Dutch male rabbits. The maximum value of American 
Dutch female rabbits was +13.5‰ and the minimum value was +10.5‰. The mean value among the female rabbits 

Table 1: Values of δ13Cenamel (‰), δ18Oenamel (‰), and δ15Nenamel (‰) of New Zealand and American Dutch Rabbits, 
showing the comparative differences in minimum, maximum and mean values for each breed.

Animal Breed

δ13Cenamel (‰) δ18Oenamel (‰) δ15Nenamel (‰)

Min. Max. Mean±SD Min. Max. Mean±SD Min. Max. Mean±SD
New Zealand male 
rabbits

–10.5 –10.2 –10.4±0.1 +2.5 +2.9 +2.8±0.2 +11.4 +14.8 +13.9±1.1

New Zealand female 
rabbits

–14.8 –12.2 –13.3±1.0 +2.3 +2.8 +2.6±0.2 +12.4 +14.9 +13.4±1.1

American Dutch male 
rabbits

–14.2 –11.4 –13.3±1.2 +2.3 +3.6 +2.8±0.6 +12.3 +15.5 +13.5±1.3

American Dutch 
female rabbits

–15.8 –13.8 –15.3±0.8 +2.6 +4.4 +3.2±0.6 +10.5 +13.5 +11.9±1.3

SD: standard deviation.
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was +11.9‰ (Table 1). The mean value and standard deviation for both genders of New Zealand and American Dutch 
rabbits were 13.2±1.1 and 12.7±1.3‰, respectively (Table 1). ANOVA showed that δ15N for both genders of New 
Zealand and American Dutch rabbits were not significantly different (P= 0.24).

DISCUSSION

Dietary Insights based on SIA

According to Somerville et al. (2020), the three archaeological sites of Pueblo Grande, La Ferreria and La Quemada, 
respectively, had δ13Ccarbonate and δ13Ccollagen from Sylvilagus that consumed C4 vegetation with little or no CAM or mixed 
C3/C4 vegetation (–9.0±1.9 and –16.1±2.9‰, –6.1±2.2 and –12.7±2.3‰ assuming 13Cenrichment=+12.8) (Figure 2). 
Our findings show that both breeds of Oryctolagus cuniculus consumed C3 vegetation, whereas this archaeological 
δ13Ccarbonate Sylvilagus consumed C4 vegetation, probably in the form of forestland and woodland, whereas δ13Ccollagen 
of Sylvilagus contrasts with our findings due to the dominance of C4 vegetation, with very little CAM or mixed C3/C4 
vegetation. Due to a shortage of food supplies, there is rivalry between New Zealand and American Dutch rabbits. 
Their foraging habits are another factor, although in this case there is no competition, as there are so many resources 
available according to Somerville et al. (2020).

The present study shows that both breeds of Oryctolagus cuniculus consumed C3 vegetation and presented 
competition for feeding resources. According to Somerville et  al. (2018), the fossilised cottontail rabbits 
(–17.9±2.3 and –12.3±2.7‰ assuming δ13Cenrichment=+12.8) belonged to the United States and Mexico, which 
contrasted with our results. The results of Somerville et al. (2018) showed that δ13Ccollagen of fossilised cottontails 
rabbits was conquered by CAM flora, whereas δ13Ccarbonate of fossilised cottontails rabbits was dominated by C4 

vegetation with low moisture, warm temperatures and long periods of sunlight (Ehleringer, 1978; Stowe and Teeri, 
1978; Tieszen et al.,1979).

Somerville et al. (2017) reported δ13Ccollagen results of Sylvilagus for different archaeological sites (–19.7 to –16.2‰, 
–20.1 to –11.2‰, –22.3 to –10.2‰) as well as modern sites (Tlalpan –18.5 to –17‰, Tulancingo –19.9 to 
–13.9‰) of Teotihuacan consumed C4 vegetation with very little CAM vegetation (Figure 2). The Sylvilagus δ13Ccollagen 

ranges for different archaeological sites as well as modern sites contrast with our results. The archaeological sites 
dominate C4 vegetation with very little CAM vegetation and modern sites dominate CAM/C4 vegetation (grasses).

As reported by Somerville et  al. (2016), the archaeological results for Sylvilagus of Teotihuacan of δ13Ccollagen 

(–13.1 to –4.9‰, –12.9 to 4.9‰, –12.7 to –8.1‰) indicated that Sylvilagus fed C4 vegetation with very little CAM, 
while modern results from different archaeological sites (Tlalpan –13.6 to –11.7‰, Zimapan –11.9 to –10.8‰) 
showed that Sylvilagus dominantly consumed CAM/C4 vegetation (Figure 2). The results of Somerville et al. (2016) 
contrasted with those of our study. This is because our study interpreted that both breeds of Oryctolagus cuniculus 
consumed C3 vegetation and showed competition present 
between New Zealand and American Dutch rabbits due 
to a lack of diet resources, and the other possibility is 
their foraging behaviour.

In our results, a gender-wise comparison of results of 
New Zealand and American Dutch rabbits indicated 
that American Dutch rabbits had higher values of 
oxygen isotope compared to New Zealand rabbits, while 
breed-wise comparison concluded that both genders 
of American Dutch rabbits had higher oxygen values 
compared to those of both genders of New Zealand 
rabbits (Figure 3). The interpretation of our results is that 
American Dutch rabbits live in open and arid areas, as 
they have higher oxygen values. New Zealand rabbits 
inhabit closed and humid conditions and tend to show 
lower oxygen values. This suggests that American Dutch 

Figure 2: Comparative study between current 
(Oryctolagus cuniculus) data and archaeological and 
modern Sylvilagus data. • Current study; • Sylvilagus 
(Archaelogical data); • Sylvilagus (Modern).
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rabbits acquire water completely from the vegetation, 
but New Zealand rabbits utilise freshwater resources 
(Waseem et al., 2021a). There are different reasons for 
the higher value of oxygen isotopes which rabbits acquire 
in water through (i) diet; (ii) stream water sources have 
high values of oxygen isotopes due to lower evaporation 
rate and those rabbits which acquired water through 
stagnant or active water sources have low values of 
oxygen isotopes due to higher evaporation.

According to Somerville et  al. (2020), the mean 
and standard deviation δ18O of Sylvilagus for three 
different archaeological sites (Pueblo Grande, La 
Ferreria and La Quemada) were 29.7±2.9, 25.5±2.3 
and 23.9±2.4‰, respectively, which indicated that 
Sylvilagus inhabited arid and open environments and 
showed a higher rate of evaporation. These Sylvilagus 
results contrast with our results, which have low 
oxygen values that indicate closed and humid 

conditions with a lower evaporation rate (Waseem et al., 2021a). In turn, cottontail rabbits in the United States 
and Mexico with high δ18O values (26.6±3.1‰) also contradict our results, as they to inhabited open and arid 
environments with low relative humidity and showed a higher rate of evaporation (Somerville et al., 2018).

Somerville et al. (2016), reported the δ18O ranges 23.7 to 30.2‰, 20.9 to 27.2‰, 21.5 to 28.1‰, 23.7 to 29.6‰ 
and 21.3 to 30.6‰ for the different archaeological sites Moon Pyramid, Oztoyahualco, Teopancazco, Puerta5 and 
Cuevas, respectively, for Sylvilagus of Teotihuacan. The δ18O ranges for modern sites Tlalpan 24.6 to 26.7‰, 
Tulancingo 23.4 to 25.5‰, Zimapan 26.5 to 27.0‰ and San Baltazar Tetela 25.3 to 28.2‰, which contrasts 
with our results due to the high δ18O compared to the current study. The archaeological and modern Sylvilagus δ18O 

inhabited arid and open environments with higher evaporation rates (Waseem et al., 2021a).

For nitrogen stable isotope (δ15N) values, a gender-wise comparison of results for New Zealand and American Dutch 
rabbits revealed that American Dutch rabbits had higher values of δ15N compared to New Zealand rabbits, while 
breed-wise comparison concluded that male American Dutch rabbits had higher δ15N values compared to the male 
New Zealand rabbits, and female New Zealand rabbits had higher δ15N value compared to the female American 
Dutch rabbits (Figure  4). The interpretation of our results is that male American Dutch rabbits and female New 
Zealand rabbits both reside in hot and dry environment and come outside for feeding sources from their burrows and 
showed higher δ15N values, and male New Zealand rabbits and female American Dutch rabbits both had cold and wet 

environments with lower δ15N values.

According to Somerville et  al. (2020), the mean and 
standard deviation 15Ncollagen of Sylvilagus for the three 
different archaeological sites of Pueblo Grande, La 
Ferreria and La Quemada are 8.0±1.7, 5.8±1.9 and 
6.2±1.6‰, respectively, (Figure 2) which contrasts with 
our results, with lower 15Ncollagen values. The archaeological 
Sylvilagus data show cooler and wetter environments 
with high mean annual precipitation compared to the 
New Zealand and American Dutch breeds.

Somerville et  al. (2018), said that the 15Ncollagen range 

(5.6±2.8‰) for cottontail rabbits in the United States 
and Mexico indicated that they inhabited cooler and 
wetter environments with lower 15Ncollagen values which 
contrasted with our results. The cottontail rabbits of the 

Figure 3: δ13Cenamel versus δ18Oenamel results of two breeds 
of European rabbits (Oryctolagus cuniculus), i.e. New 
Zealand rabbit and American Dutch rabbit. • Current 
study; • Sylvilagus (Archaelogical data); • Sylvilagus 
(Modern).

Figure 4: δ13Cenamel versus δ15Nenamel results for two 
breeds of European rabbits (Oryctolagus cuniculus), 
i.e. New Zealand rabbit and American Dutch rabbit.  
•  New Zealand rabbit (M); × New Zealand rabbit (F); 
•  American Dutch rabbit (M); + American Dutch 
rabbit (F).
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United States and Mexico have low 15Ncollagen values compared to current data on New Zealand and American Dutch 
breeds. The New Zealand and American Dutch breeds inhabit a hot and dry environment with higher 15Ncollagen 

values. Other environmental factors, such as mean annual precipitation, also indirectly influence the 15Ncollagen 

values. So, cottontail rabbits of the United States and Mexico experience higher mean annual precipitation than 
stated in the current study data.

Somerville et  al. (2017), reported the δ15Ncollagen ranges from 1.7 to 10.1‰, 0.9 to 9.8‰, 2.9 to 6.9‰, 0.3 to 
8.0‰ and 4.4 to 13.7‰ for the different archaeological sites Cuevas, Moon Pyramid, Oztoyahualco, Puerta5 and 
Teopancazco, respectively, for Sylvilagus of Teotihuacan and δ15Ncollagen ranges for the modern sites Tlalpan 5.2 to 
7.3‰, Tulancingo 2.3 to 5.5‰, Zimapan 7.3 to 7.7‰ and San Baltazar Tetela 1.4 to 3.4‰ for Sylvilagus show 
cooler and wetter environments with high mean annual precipitation due to lower 15Ncollagen values (Figure 2). The 
reason is that Sylvilagus do not come outside for feeding. The Sylvilagus δ15Ncollagen values for different archaeological 
sites as well as modern sites contrast with our results. The current data indicate that our New Zealand and American 
Dutch breeds inhabit a hot and dry environment and come outside their burrows to feed, with higher δ15N in their 
body. We compared our study data with previously available archaeological literature, as there is no present study on 
living lagomorphs.

Niche partitioning and competition

According to our results, gender-wise and breed-wise comparison of results of New Zealand and American Dutch 
rabbits revealed that male rabbits had higher carbon values compared to female rabbits (Figure 3). New Zealand and 
American Dutch rabbits are in competition with one another for resources. Lack of food supplies is the cause, while 
their foraging habits are another potential factor. The findings imply that both breeds ingested C3 plants such as rice, 
oats, wheat, berseem (Trifolium alehandrinum) and alfalfa.

CONCLUSION

The current results δ13C conclude that both New Zealand and American Dutch breeds of European rabbit consumed 
C3 vegetation. The New Zealand breed of Oryctolagus cuniculus had higher δ13C values compared to American Dutch 
rabbits. This indicates that New Zealand rabbits have an open vegetation dietary niche, whereas the American Dutch 
breed has shown a semiclosed dietary niche. The oxygen isotope values reveal that American Dutch rabbits fulfil their 
water requirements completely from the vegetation, whereas New Zealand rabbits tend towards water resources for 
water acquisition. Nitrogen stable isotope results showed no significant differences between the values for American 
Dutch and New Zealand rabbits. This indicates that both breeds inhabit a similar environment, consume food grown 
on similar soils, and feed at the same trophic level. The archaeological and fossilised data on lagomorphs is present, 
but there is no literature available for living lagomorphs (rabbit). This is the initial study on the dietary preference of 
living Oryctolagus cuniculus breeds (New Zealand and American Dutch rabbits) on the basis of SIA. These are two 
common breeds in Pakistan, although according to the ARBA there are 48 breeds worldwide. We can achieve a 
complete picture of dietary preference if we use this technique on all Oryctolagus cuniculus breeds, and can compare 
the dietary patterns of our two breeds with those of other Oryctolagus cuniculus breeds using SIA.

Acknowledgement: Authors are very thankful to Dr. Saira Butt, Senior Scientist, PINSTECH, Islamabad, for the SIA of the enamel 
samples.

Authors contribution: Shouket U.: data curation, formal analysis and writing–original draft. Ahmad R.M.: conceptualization and 
supervision. Waseem M.T.: formal analysis and writing–original draft. Khan A.M.: validation and writing–review & editing. Zubaid 
S.: investigation and methodology. 

Statement of conflict of interest: The authors declare no conflict of interest.



Shouket et al.

World Rabbit Sci. 32: 73-8180

REFERENCES

Ambrose S.H. 1991. Effects of diet, climate, and physiology 
on nitrogen isotope abundance in terrestrial foodwebs. J. 
Archaeol. Sci., 18: 293-317. https://doi.org/10.1016/0305-
4403(91)90067-Y 

Amundson R., Austin A.T., Schuur E.A., Yoo K., Matzek V., 
Kendall C., Uebersax A., Brenner D., Baisden W.T. 2003. 
Global patterns of the isotopic composition of soil and 
plant nitrogen. Global Biogeochem. Cycles, 17: 1031. 
https://doi.org/10.1029/2002GB001903 

Aranibar J.N., Otter L., Macko S.A., Feral C.J., Epstein H.E., Dowty 
P.R., Eckardt F., Shugart H.H., Swap R.J 2004. Nitrogen 
cycling in the soil-plant system along a precipitation gradient 
in the Kalahari sands. Glob. Chang. Biol., 10: 359-373. 
https://doi.org/10.1111/j.1365-2486.2003.00698.x 

Austin A.T., Vitousek P.M. 1998. Nutrient dynamics on a 
precipitation gradient in Hawai'i. Oecologia, 113: 519-529. 
https://doi.org/10.1007/s004420050405 

Blumenthal S.A., Levin N.E., Brown F.H., Brugal J.P., Chritz K.L., 
Harris J.M., Glynis E.J., Cerling, T. E. 2017. Aridity and hominin 
environments. In Proc.: National Academy Sciences, 114: 
7331-7336. https://doi.org/10.1073/pnas.1700597114 

Camin F., Bontempo L., Heinrich K., Horacek M., Kelly S.D., 
Schlicht C., Thomas F., Monahan F.J., Hoogewerff J., 
Rossmann A. 2007. Multi-element (H, C, N, S) stable 
isotope characteristics of lamb meat from different 
European regions. Anal. Bioanal. Chem., 389: 309-320. 
https://doi.org/10.1007/s00216-007-1302-3 

Craine J.M., Brookshire E.N.J., Cramer M.D., Hasselquist 
N.J., Koba K., Marin-Spiotta E., Wang L. 2015. Ecological 
interpretations of nitrogen isotope ratios of terrestrial plants 
and soils. Plant Soil., 396: 1-26. https://doi.org/10.1007/
s11104-015-2542-1 

Dansgaard W. 1964. Stable isotopes in precipitation. Tellus., 
16: 436-468. https://doi.org/10.1111/j.2153-3490.1964.
tb00181.x 

DeNiro M.J., Epstein S. 1978. Influence of diet on the distribution of 
carbon isotopes in animals. Geochim. Cosmochim. Acta, 42: 
495-506. https://doi.org/10.1016/0016-7037(78)90199-0 

DeNiro M.J., Epstein S. 1981. Influence of diet on the distribution of 
nitrogen isotopes in animals. Geochim. Cosmochim. Acta, 45: 
341-351. https://doi.org/10.1016/0016-7037(81)90244-1 

Ehleringer J.R. 1978. Implications of quantum yield differences on 
the distributions of C3 and C4 grasses. Oecologia, 31: 255-
267. https://doi.org/10.1007/BF00346246 

Ehleringer J.R., Osmond C.B. 2000. Stable isotopes. In Plant 
physiological ecology. Springer, Dordrecht., 281-300. 
https://doi.org/10.1007/978-94-010-9013-1_13 

Feranec R.S., MacFadden B.J. 2006. Isotopic discrimination of 
resource partitioning among ungulates in C3-dominated 
communities from the Miocene of Florida and California. 
Paleobiology, 32: 191- 205. https://doi.org/10.1666/05006.1 

Gröcke D.R., Bocherens H., Mariotti A. 1997. Annual rainfall and 
nitrogen-isotope correlation in macropod collagen: application 
as a palaeoprecipitation indicator. Earth Planet. Sci. Lett., 153: 
279-285. https://doi.org/10.1016/S0012-821X(97)00189-1 

Handley L.L., Austin A.T., Robinson D., Scrimgeour C.M., Raven 
J.A., Schmidt S. 1999. The 15N natural abundance (d15N) 
of ecosystem samples reflects measures of water availability. 
Aust. J. Plant Physiol., 26: 185-199. https://doi.org/10.1071/
PP98146 

Heaton T., Vogel J., von la Chevallerie G., Collett G. 1986. Climatic 
influence on the isotopic composition of bone nitrogen. 
Nature, 322: 822-823. https://doi.org/10.1038/322822a0 

Hedges R.E.M., Stevens R.E., Richards M.P. 2004. Bone as 
a stable isotope archive for local climatic information. 
Quat. Sci. Rev., 23: 959-965. https://doi.org/10.1016/j.
quascirev.2003.06.022 

Hussey N.E., MacNeil M.A., Olin J.A., McMeans B.C., Kinney 
M.J., Chapman D.D., Fisk A.T. 2012. Stable isotopes 
and elasmobranchs: tissue types, methods, applications 
and assumptions. J. Fish Biol., 80: 1449-1484. 
https://doi.org/10.1111/j.1095-8649.2012.03251.x 

Koch P.L. 1998. Isotopic reconstruction of past continental 
environments. Annu. Rev. Earth Planet Sci., 26: 573-613. 
https://doi.org/10.1146/annurev.earth.26.1.573 

Koch P.L. 2007. Isotopic study of the biology of modern 
and fossil vertebrates. In: R.H. Michener and K. Lajtha 
(eds.), Stable Isotopes in Ecology and Environmental 
Science, Blackwell Publishing, Boston., 99-154. 
https://doi.org/10.1002/9780470691854.ch5 

Kohn M.J. 2010. Carbon isotope compositions of terrestrial C3 
plants as indicators of (paleo)ecology and (paleo)climate. 
Proc. Natl. Acad. Sci., 107: 19691-19695. https://doi.org/ 
10.1073/pnas.1004933107 

Levin N.E., Cerling T.E., Passey B.H., Harris J.M., Ehleringer 
J.R. 2006. A stable isotope aridity index for terrestrial 
environments. In Proc.: National Academy Sciences., 103: 
11201-11205. https://doi.org/10.1073/pnas.0604719103 

Marín-García P.J., Llobat L., Aguayo-Adán J. A., Franch J., 
Cambra-López M., Blas E., Pascual J.J., Rouco C. 2023a. 
Nutritional ecology of European rabbit (Oryctolagus cuniculus): 
Factors affecting chemical composition of gastric content. 
J. Anim. Physiol. Anim. Nutr., 1-7. https://doi.org/10.1111/
jpn.13849 

Marín-García P.J., Llobat L., Aguayo-Adán J.A., Larsen T., 
Cambra-López M., Blas E., Pascual J.J., Rouco C. 2023b. The 
nutritional strategy of European rabbits is affected by age and 
sex: Females eat more and have better nutrient optimisation. 
J. Anim. Physiol. Anim. Nutr., 1-8. https://doi.org/10.1111/
jpn.13826 

Martinelli L.A., Piccolo M.C., Townsend A.R., Vitousek P.M., Cuevas 
E., McDowell W., Robertson G.P., Santos O.C., Treseder K. 
1999. Nitrogen stable isotopic composition of leaves and 
soil: Tropical versus temperate forests. In: Townsend, A. (Ed.), 
New Perspectives on Nitrogen Cycling in the Temperate and 
Tropical Americas. Springer Netherlands, 45-65. https://doi.
org/10.1007/978-94-011-4645-6_3 

O'Leary M.H. 1988. Carbon isotopes in photosynthesis. 
Bioscience, 38: 328-336. https://doi.org/10.2307/1310735 

Pecquerie L., Nisbet R.M., Fablet R., Lorrain A., Kooijman S.A.L.M. 
2010. The impact of metabolism on stable isotope dynamics: a 
theoretical framework. Philos. Trans. R. Soc. Lond. B Biol. Sci., 
365: 3455-3468. https://doi.org/10.1098/rstb.2010.0097 

Peterson B.J., Fry B. 1987. Stable isotopes in ecosystem studies. 
Annual Rev. Eco. Sys., 18: 293-320. https://doi.org/10.1146/
annurev.es.18.110187.001453 

Rizwan M., Ahmad R.M., Khan A.M., Khalid M., Wajid M. 2021. 
Craniometric Analysis of European Rabbit (Oryctolagus 
Cuniculus) Breeds to Trace out Intraspecific and Inter 
Gender Morphometric Variations. J. Biores. Manag., 8: 5. 
https://doi.org/10.35691/JBM.1202.0194 

https://doi.org/10.1016/0305-4403(91)90067-Y
https://doi.org/10.1016/0305-4403(91)90067-Y
https://doi.org/10.1029/2002GB001903
https://doi.org/10.1111/j.1365-2486.2003.00698.x
https://doi.org/10.1007/s004420050405
https://doi.org/10.1073/pnas.1700597114
https://doi.org/10.1007/s00216-007-1302-3
https://doi.org/10.1007/s11104-015-2542-1
https://doi.org/10.1007/s11104-015-2542-1
https://doi.org/10.1111/j.2153-3490.1964.tb00181.x
https://doi.org/10.1111/j.2153-3490.1964.tb00181.x
https://doi.org/10.1016/0016-7037(78)90199-0
https://doi.org/10.1016/0016-7037(81)90244-1
https://doi.org/10.1007/BF00346246
https://doi.org/10.1007/978-94-010-9013-1_13
https://doi.org/10.1666/05006.1
https://doi.org/10.1016/S0012-821X(97)00189-1
https://doi.org/10.1071/PP98146
https://doi.org/10.1071/PP98146
https://doi.org/10.1038/322822a0
https://doi.org/10.1016/j.quascirev.2003.06.022
https://doi.org/10.1016/j.quascirev.2003.06.022
https://doi.org/10.1111/j.1095-8649.2012.03251.x
https://doi.org/10.1146/annurev.earth.26.1.573
https://doi.org/10.1002/9780470691854.ch5
https://doi.org/10.1073/pnas.1004933107
https://doi.org/10.1073/pnas.1004933107
https://doi.org/10.1073/pnas.0604719103
https://doi.org/10.1111/jpn.13849
https://doi.org/10.1111/jpn.13849
https://doi.org/10.1111/jpn.13826
https://doi.org/10.1111/jpn.13826
https://doi.org/10.1007/978-94-011-4645-6_3
https://doi.org/10.1007/978-94-011-4645-6_3
https://doi.org/10.2307/1310735
https://doi.org/10.1098/rstb.2010.0097
https://doi.org/10.1146/annurev.es.18.110187.001453
https://doi.org/10.1146/annurev.es.18.110187.001453
https://doi.org/10.35691/JBM.1202.0194


IsotopIc analysIs of rabbIts

World Rabbit Sci. 32: 73-81 81

Sandberg P.A., Loudon J.E., Sponheimer M. 2012. Stable isotope 
analysis in primatology: a critical review. Am. J. Primatol., 74: 
969-989. https://doi.org/10.1002/ajp.22053 

Schoeninger M.J., DeNiro M.J. 1984. Nitrogen and carbon 
isotopic composition of bone collagen from marine and 
terrestrial animals. Geochim. Cosmochim. Acta, 48: 625-639. 
https://doi.org/10.1016/0016-7037(84)90091-7 

Shearer G., Kohl D.H. 1986. N2-fixation in field settings: 
estimations based on natural 15N abundance. Funct. Plant 
Biol., 13: 699-756. https://doi.org/10.1071/PP9860699 

Somerville A.D., Sugiyama N., Manzanilla L.R., Schoeninger 
M.J. 2016. Animal management at the ancient metropolis 
of Teotihuacan, Mexico: stable isotope analysis of leporid 
(cottontail and jackrabbit) bone mineral. PLoS One, 11: 
0159982. https://doi.org/10.1371/journal.pone.0159982 

Somerville A.D., Sugiyama N., Manzanilla L.R., Schoeninger M.J. 
2017. Leporid management and specialized food production 
at Teotihuacan: stable isotope data from cottontail and 
jackrabbit bone collagen. Archaeol. Anthropol. Sci., 9: 83-97. 
https://doi.org/10.1007/s12520-016-0420-2 

Somerville A.D., Froehle A.W., Schoeninger M.J. 2018. 
Environmental influences on rabbit and hare bone isotope 
abundances: Implications for paleoenvironmental research. 
Palaeogeogr. Palaeoclimatol. Palaeoecol., 497: 91-104. 
https://doi.org/10.1016/j.palaeo.2018.02.008 

Somerville A.D., Nelson B.A., Punzo J.L., Schoeninger, M.J. 
2020. Rabbit bone stable isotope values distinguish desert 
ecoregions of North America: Data from the archaeological 
sites of Pueblo Grande, La Ferreria, and La Quemada. J. 
Archaeol. Sci., 113: 105063. https://doi.org/10.1016/j.
jas.2019.105063 

Sponheimer M., Lee-Thorp J.A. 1999. Oxygen isotopes in enamel 
carbonate and their ecological significance. J. Archaeol. Sci., 
26: 723-728. https://doi.org/10.1006/jasc.1998.0388 

Sternberg L.O.R., DeNiro M.J., Ting I.P. 1984. Carbon, hydrogen, 
and oxygen isotope ratios of cellulose from plants having 
intermediary photosynthetic modes. Plant Physiol., 74: 104-
107. https://doi.org/10.1104/pp.74.1.104 

Stevens R.E., Lister A.M., Hedges R.E.M.P. 2006. Predicting diet, 
trophic level and palaeoecology from bone stable isotope 
analysis: a comparative study of five red deer populations. 
Oecologia, 149: 12-21. https://doi.org/10.1007/s00442-
006-0416-1 

Stowe L.G., Teeri J.A. 1978. The geographic distribution of C4 
species of the Dicotyledonae in relation to climate. Am. Nat., 
112: 609-623. https://doi.org/10.1086/283301 

Szpak P., White C.D., Longstaffe F.J., Millaire J.F., Vásquez 
Sánchez V.F. 2013. Carbon and nitrogen isotopic survey of 
northern Peruvian plants: baselines for paleodietary and 
paleoecological studies. PloS one, 8, e53763. https://doi.
org/10.1371/journal.pone.0053763 

Tieszen L.L., Senyimba M.M., Imbamba S.K., Troughton J.H. 
1979. The distribution of C3 and C4 grasses and carbon 
isotope discrimination along an altitudinal and moisture 
gradient in Kenya. Oecologia., 37: 337-350. https://doi.
org/10.1007/BF00347910 

Walter W.D., Kurle C.M., Hopkins III J.B. 2014. Applications of 
stable isotope analysis in mammalian ecology. Isotopes 
Environ. Health Stud., 50: 287-290. https://doi.org/10.1080/
10256016.2014.933214 

Waseem M.T., Khan A.M., Quade J., Krupa A., Dettman D.L., 
Rafeh A., Ahmad R.M. 2021a. Stable isotope analysis of 
middle Miocene mammals from the Siwalik sub-Group of 
Pakistan. Acta Palaeontologica Polonica, 66(3), s123-s132. 
https://doi.org/10.4202/app.00788.2020 

Waseem M.T., Khan A.M., Ghaffar A., Iqbal A., Ahmad R.M. 
2021b. Palaeodietary and palaeoclimatic reconstruction for 
late Miocene hipparionines from the Siwaliks of Pakistan. 
Pak. J. Zool., 35: 69-76. https://doi.org/10.17582/journal.
pjz/20180314070354

https://doi.org/10.1002/ajp.22053
https://doi.org/10.1016/0016-7037(84)90091-7
https://doi.org/10.1071/PP9860699
https://doi.org/10.1371/journal.pone.0159982
https://doi.org/10.1007/s12520-016-0420-2
https://doi.org/10.1016/j.palaeo.2018.02.008
https://doi.org/10.1016/j.jas.2019.105063
https://doi.org/10.1016/j.jas.2019.105063
https://doi.org/10.1006/jasc.1998.0388
https://doi.org/10.1104/pp.74.1.104
https://doi.org/10.1007/s00442-006-0416-1
https://doi.org/10.1007/s00442-006-0416-1
https://doi.org/10.1086/283301
https://doi.org/10.1371/journal.pone.0053763
https://doi.org/10.1371/journal.pone.0053763
https://doi.org/10.1007/BF00347910
https://doi.org/10.1007/BF00347910
https://doi.org/10.1080/10256016.2014.933214
https://doi.org/10.1080/10256016.2014.933214
https://doi.org/10.4202/app.00788.2020
https://doi.org/10.17582/journal.pjz/20180314070354
https://doi.org/10.17582/journal.pjz/20180314070354

