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Abstract

Nutritional ecology seeks to unravel the extensive web of nutritional links that directs
animals in their interactions with their ecological and social environments. European rabbit
(Oryctolagus cuniculus) populations its endemic locations are declining and it is considered
a keystone species of the Mediterranean ecosystem prompteing the interest in its
conservation. The main aim of this study was to determine the nutritional composition of
the diet of European rabbits through the relative and absolute chemical composition of
the gastric content. To address this objective, gastric content was collected from 80
European rabbits in a Mediterranean area for the analysis of its chemical composition. To
this end, gastric content was analyzed for dry matter (DM), organic matter (OM), ash,
crude protein (CP), highly digestible nonnitrogenous nutrients (HDNN), neutral detergent
fibre (NDF), acid detergent fibre (ADF) and lignin. The rabbits were divided into two
groups: EMPTY and FULL, depending on the level of stomach filling, directly related to
food intake. Our results revealed a positive correlation between the rabbits weight with
DM in the gastric content, total gastric content with DM in the gastric content, and DM in
gastric content with all chemical parameters analysed. The mean relative values obtained
were 8.8%, 25.5%, 40.4% and 25.4%, for ash, CP, NDF and HDNN, respectively.
Moreover, EMPTY rabbits had both a proportional (+19%, p = 0.002 and -40%; p = 0.004,
on NDF and HDNN, respectively) and absolute (-38%, p = 0.014, -52%; p = 0.012, -52%;
p=0.011 and +83%; p =0.008 for OM, ash, HDNN, and lignin, respectively) different
proportion of nutrients in gastric contents than FULL animals. Since there is a connection
between this availability and the fitness of this species, understanding the chemical
composition of the rabbit's diet can be utilised to delve into its biology. Our study
provides information that will help elucidate the factors affecting the chemical
composition of the gastric content of European rabbits to assist land use planners and

conservationists in identifying sites for conservation in Mediterranean ecosystems.
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1 | INTRODUCTION

A key goal of conservation physiology is to understand the
physiological responses of organisms to changing environments
(Seebacher & Franklin, 2012; Wikelski & Cooke, 2006) and provide
a detailed mechanistic understanding of the factors that cause
conservation problems. Nutritional ecology aims at unravelling the
extensive web of nutritional links that guide animals in their
interactions with their ecological and social environments (Parker,
2003; Raubenheimer et al., 2009). Both disciplines focus on under-
standing animal responses to changing environments' patterns,
mechanisms and consequences (Raubenheimer et al., 2012).

The wild European rabbit (Oryctolagus cuniculus) embodies the
conservation paradox of the 21 century, since it is on the rise in
introduced areas but its populations in endemic locations are
declining (Lees & Bell, 2008). In the endemic locations, due to
irruptions of different diseases and habitat fragmentation (Delibes-
Mateos et al., 2008; Moreno & Villafuerte, 1995), rabbits have
recently been classed as ‘endangered’ by the International Union for
the Conservation of Nature (IUCN) within their native range (Ferreira
& Alves, 2009; Villafuerte et al., 2019). Together with the fact that it
is considered a keystone species of the Mediterranean ecosystem
(Cortés-Avizanda et al, 2015), there is growing interest in its
conservation. Several authors have already highlighted the impor-
tance of feed availability (also quantity and quality) for rabbit density
(Delibes-Mateos et al., 2008; Marin-Garcia & Llobat, 2021; Moreno &
Villafuerte, 1995; Villafuerte et al., 1997), and at this point both
conservation physiology and nutritional ecology could play a crucial
role in the conservation of this species; as nutrition is the single most
important environmental factor influencing reproduction and popu-
lation growth (Boyd & Bray, 1989).

Emerging evidence shows has shown that the dietary
composition of rabbits is variable across seasons (Martins et al.,
2002); this study across seasons, suggests a strategy by rabbits
that aims to maintain the quality of the diet (Pinheiro et al., 2018).
However, there are few specific studies that allow direct
quantification of the chemical composition of European rabbit
diet. Some studies have analysed the composition of wild rabbit
diet through microhistological analysis of faecal pellets but this
method presents some limitations, such as those related to the
fact that its presence in the faeces is affected by the digestion of
these animals. Measuring the relationships between wild herbiv-
orous mammals and their feed availability remains a difficult field
of research (Myers & Bults, 1977), as there is a relationship
between this availability and the correlation with health,
productivity and survival of animals (Klein, 1965).

The aim of this study was to determine the nutritional
composition of the diet of European rabbits through the relative
and absolute chemical composition of the gastric content. This
information will be useful to elucidate the effect of feed intake on the

chemical composition of the gastric content.
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2 | MATERIAL AND METHODS
2.1 | Animal ethics statement

The authors confirm that the ethical policies of the journal,
as noted on the journal's author guidelines page, have been
adhered to. No ethical approval was required, as no animals were
killed specifically for this study. Samples were collected from wild
rabbits legally hunted during the official hunting season in full
compliance with the Spanish regulations. No ethical approval by an
Institutional Animal Care and Use Committee was deemed
necessary.

2.2 | Animals and sampling

A total of 80 wild European rabbits were used in this experiment. All
animals were obtained as a product of hunting from different
preserves located in the Valencian community during May 2021. The
animals were sampled for digestive content (gastric). All samples
were obtained during morning hours, at the same time of day
(8:00 AM). For each one, sex (male/female), age (young/adult),
reproductive stage (Males: nonbreeding and in heat; Females:
nonbreeding, pregnant and lactating), state of perirenal thickening,
weight, length, the day when the sample was taken and its location
were recorded. Then, the digestive content of each individual was
extracted and weighed to calculate the gastric content weight (the
stomach was weighed in its entirety, i.e., the weight of the stomach
and its contents). Gastric contents were stored frozen (-20°C) until

further analysis.

2.3 | Chemical analysis

Relative chemical composition of the gastric content was analysed
for dry matter (DM), ash, crude protein (CP), neutral detergent fibre
(aNDFom), acid detergent fibre (ADFom) and lignin (sa). Samples
were analysed according to the methods of AOAC (2000) (AOAC,
Arlington, 2000): 934.01 for DM, 942.05 for ash and 976.06 for CP.
The aNDFom (assayed with a thermo-stable amylase and expressed
exclusive of residual ash), ADFom (expressed exclusive of residual
ash) and lignin (determined by solubilisation of cellulose with
sulphuric acid, sa) were analysed sequentially (Van Soest et al.,
1991). Organic matter (OM) was calculated by subtracting the
amount of ash from the DM. Fat, starch and soluble fibre were
calculated as the difference by subtracting the amount of ash, CP
and NDF from the DM. These chemical components are considered
as highly digestible non-nitrogenous nutrients (HDNN). The abso-
lute chemical composition of the gastric contents was calculated
from the relative composition and the total DM values observed in

the gastric contents.
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2.4 | Statistical analysis

Based on the information obtained from the gastric content of the
rabbits (gastric content, DM, OM, ash, CP, HDNN, NDF, ADF and
lignin), regression equations were fitted, calculating for each of them
the equations of the straight line, as well as the Pearson Correlation
Coefficient (PCC).

Preliminary statistical analyses were performed to split the
population (n=80) into two groups: EMPTY and FULL level of the
gastric content, as an indication of previous intake level. To this end,
gastric content and ratio between the gastric content and the weight
of the animal were analysed.

After assigning the experimental groups, the absolute (calculated
as the multiplication between the relative percentages and the gastric
content) and relative chemical compositions of the gastric content
values were fitted to a normal distribution. Then, an analysis (SAS,
2009) was performed, where gastric content, DM, OM, ash, CP,
HDNN, NDF, ADF and Lignin were used as dependent variables,
applying a GLM model from the Statistical Analysis System where

different groups of previous intake were used as fixed effect.

3 | RESULTS

Table 1 show the chemical composition of the gastric content.
Results show a marked differences within the sampled population,
including animals with different previous feed intake, different ages,
sexes and several others. The coefficient of variation for these traits
ranged from 43%-72%.

Correlation between animal's weight and absolute DM of the
gastric content was positive (Figure 1a), showing an increase of the
DM in the gastric content of animals with higher weight (+4.6 g DM
in gastric content per kg of weight; p <0.001). We also found a
positive correlation between total gastric content with absolute DM
of the gastric content (Figure 1b). In this case, the amount of DM in
the gastric content increased proportionally by increasing total
weight of the gastric content (+0.14g DM per g of digestive

content). Moreover, all the chemical components increased

proportionally with the amount of DM in the gastric content (on
av. PCC =0.783); although in the case of lignin (PCC =0.410), this
correlation was the lowest (Figure 1c-i).

Animals considered with EMPTY gastric content (n=12) had lower
gastric content (-42%; p = 0.052), and a lower ratio between the gastric
content and the weight of the animal (-35%; p = 0.013) than those that
were considered with a FULL gastric content (n=68). Regarding the
relative chemical composition (on DM basis) of the gastric content of the
main chemical elements analysed (Table 2), we observed a different
relative composition between EMPTY animals (+19%, p=0.002 and
-40%; p = 0.004, on NDF and HDNN, respectively) compared with FULL
animals. Similarly, we observed a different absolute composition of gastric
content between EMPTY animals (-38%, p=0.014, -52%; p=0.012,
-52%; p=0.011 and +83%; p =0.008 for OM, ash, HDNN, and lignin,

respectively) compared with FULL animals (Table 3).

4 | DISCUSSION

The main aim of this work was to provide information on the
nutritional composition of the diet of wild rabbits, and its relationship
with gastric content. To achieve this goal, it was necessary to use a
heterogeneous European rabbit population. This premise was fulfilled
by obtaining very high global ranges and variation coefficients of all
the studied variables. The high variability may point to the chemical
composition's susceptibility to various animal groupings (previous
feed intake, sex and age, among others).

Some nutrients and the weight of gastric content have seldom
been studied in wild rabbits. Orengo and Gidenne (2007) analysed
gastric contents of weaning and growing rabbits and observed that
the values for stomach weight in the percentage of live weight (1.4%)
was similar to that observed in the present work (1.5%). On the other
hand, gastric content weight (36 g) was the same that was observed
in the animals at 28 days of age (Orengo & Gidenne, 2007).
Nevertheless, compared with the work described in Joseph (1909),
the studied wild rabbits in the current work presented lower gastric
content (on av. -50%) than domestic animals fed ad libitum in farm

conditions (data compared with those of animals of the same weight)

TABLE 1 Chemical composition (g) of the gastric content of the experimental population of European rabbit (Oryctolagus cuniculus) n = 78.

Number of data Coefficient of Variation (%)

Range Values
Fresh matter 2.17-81.71 36.0+£2.29
Dry matter 0.45-13.24 5.43+0.34
Organic matter 0.39-12.19 5.29£0.30
Ash 0.04-1.51 0.52+0.04
Crude protein 0.22-4.14 1.43+0.10
Neutral detergent Fibre 0.42-6.57 2.83+0.16
Acid detergent fibre 0.30-2.99 1.61+0.08
Lignin 0.01-1.20 0.40+0.04

Note: (Least square means + standard errors).

78 56.0
77 54.5
70 47.1
70 58.3
72 56.9
66 47.1
66 42.6
66 71.8
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FIGURE 1 Correlationship between the animal's weight and absolute dry matter (DM) of the gastric content (a). Correlationship between
total gastric content with absolute DM of the gastric content (b). Correlationship between absolute DM of the gastric content with absolute
organic matter (OM), ash, crude protein (CP), fat, starch and soluble fibre, neutral detergent fibre (NDF), acid detergent fibre (ADF) and lignin of
the gastric content (c-i), respectively. Samples obtained in gastric content of European rabbit n = 80 (Oryctolagus cuniculus). PCC, pearson
correlation coefficient. [Color figure can be viewed at wileyonlinelibrary.com]

J h, 1909). Thi be due t tic selection, or the t f
TABLE 2 Total values, and effect of the level of previous feed Uosep ) s may be due to genetic selection, or the type

intake on relative chemical composition (% on dry matter) of the food, consisting mainly of plants with a lower density, which would

gastric content of European rabbit n =78 (Oryctolagus cuniculus); cause lower weights at the same filling level.
(Least square means + standard errors). Gastric content was collected to measure of previous feed
Total Empty Normal p Value intake, indicating gastric filling and feed availability. The literature
Ashes 8754028 8864075 8734031 07136 shows that the weight of gastric content reflects the diurnal rhythm

of intake, conditioned by the nutritional behaviour of this species

Eridefprotein 2SO BVQUEZAY Za e M (Bellier et al., 1995; Prud'Hon et al., 1975). The passage of feed

Neutral detergent 40.37+0.94 47.13+2.55 39.45+0.93 0.0023 throught the rabbit's stomach is relatively slow and varies between
fiber 3-6h. In our case, gastric content samples were taken at 08:00 h
Fat, starch and 25.35+1.83 16.01+3.23 26.65+1.89 0.0036 before to the moment of capture, at which time maximum intake was
soluble fiber observed (Gidenne et al., 1985; Nutrition of the Rabbit, 2010). In this
Total 100 100 100 context, it can be assumed that gastric content is related to previous
Abbreviations: EMPTY, Animals with low levels of stomach filling, feed intake.
considered with low prior feed intake; FULL, Animals with high levels of The relationship between weight and gastric content was also
stomach filling considered with normal prior feed intake. observed by Myers and Bults (1977), but in this case it was related to
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TABLE 3 Total values, and effect of the level of previous feed intake on absolute chemical composition (% on dry matter) of the gastric
content of European rabbit n = 78 (Oryctolagus cuniculus); (Least square means + standard errors).

Total
Dry matter 5.43+0.34
Organic matter 5.30+0.30
Ash 0.516 £0.036
Crude protein 1.43+0.10
Fat, starch and soluble fibre 1.56+0.11
Neutral detergent fibre 247 +0.13
Acid detergent fibre 1.50+0.08
Lignin 0.33+0.03

Empy Full p Value
3.80+0.92 5.68+0.36 0.0616
3.48+0.78 5.60+0.31 0.0137

0.326 +0.09 0.547 +0.037 0.0303
1.06 +0.27 1.48+0.10 0.1502
0.79+0.31 1.66+0.11 0.0116
2.04£0.40 2.52+0.15 0.2596
1.38+0.36 1.51+0.67 0.5879
0.55+0.09 0.30+0.03 0.0077

Abbreviations: EMPTY, Animals with low levels of stomach filling, considered with low prior feed intake; FULL, Animals with high levels of stomach filling

considered with normal prior feed intake.

age (Myers & Bults, 1977). Cooke (2014) estimated 81.4 g of DM
intake per kilogramme of metabolic weight (Cooke, 2014), Rommers
et al., (2002) demonstrated that heavy does consume more feed per
day (+45 g/day, P0.001) than small does (Rommers et al., 2002), and
even growing rabbits have shown a correlation between weight and
gastric content. This is because gastric content can be a measure of
previous feed intake (Marin-Garcia et al., 2020a). On the other hand,
there is a positive correlation between the gastric content, DM and
the rest of the chemical components, although it is not proportional
in all the variables studies. This is the case of HDNN, which showed
lower correlation values (PCC=0.524). These lower correlation
values could be explained by a possible control of rabbit caecal
fermentation and rate of passage according to the type of dietary
starch (Gidenne & Perez, 1993), as the animals were collected from
different locations. The lowest correlation was observed in the case
of lignin. These different levels in gastric content could be explained
by the fact that an increase in lignin content in diets for growing
rabbits is associated with a faster digestive transit (Caisin et al., 2020;
Gidenne et al., 1994; Gidenne et al., 2001) and a lower relative
weight of caecal digesta (Garcia et al., 2002; Nicodemus et al., 1999).

We also observed low relative DM values of the gastric content
(15.62+0.47). This DM percentage in gastric content was lower
(19.1%) than that observed in domestic animals (Orengo & Gidenne,
2007). This may be due to the variability of forage plants consumed
by these animals (Llobat & Marin-Garcia, 2022) with relative DM
levels much lower (e.g., 38.5%, 45.5%, 45.5%, 24.4%, 27.8%, 32.7%
and 25.9% of DM for Agrostis capillatis, Dactiys glomerata, Festuca
arundinaceae, Lotus corniculatus, Rumex acetosa, Sanguisorba minor,
and Trifolium patense, respectively (Reiné et al., 2020)) than the
average levels of the diets used for this species (for example, 90.3%,
90.7% and 92.1% (Marin-Garcia, Rodenas et al., 2020), Marin-
Garcia, Lépez-Lujan et al., 2020). This causes a proportional
correction in all chemical components, and should be considered as
a possible limiting factor in the nutrition of herbivores.

Regarding the different chemical components, CP levels (i.e.,

25.52%) were similar to those found elsewhere (e.g., 20% [Myers &

Bults, 1977]). It seems that chemical composition of the gastric
content could determine the quality of the food consumed by
rabbits, and it can be predicted from the quality of the recently
ingested food in the stomach (in accordance with this work, the
total CP intake by these animals was around 35 g of CP/DM), as
there is a significant correlation between CP in the food and in the
stomach (p < 0.001) (Myers & Bults, 1977). Although studies that
contrast these values in gastric content are neglected, Gidenne &
Ruckebusch, 1989 analysed some chemical components in the
ileum, hard faeces and soft faeces (Gidenne et al., 1989). Data on
NDF, CP and OM was similar to that obtained in the ileum (45.5%),
intermediate to that obtained in hard faeces (15.5%) and soft
faeces (31.7%) and slightly higher than the mean of all measures
(on av. 86%), respectively (Gidenne et al., 1989).

Overall, we found low values of relative DM in the gastric content,
as very low absolute DM values of the gastric content (5.43 +0.34)
were observed. These values were also especially low for all the
chemical components analysed, showing a distinct total composition of
gastric content of EMPTY animals (-38%, p = 0.0137, -40%; p = 0.0303,
-52%; p=0.0116 and +83% for OM, ash, HDNN and lignin,
respectively) in comparison to FULL animals. These differences could
be explained as factors mentioned above, since there is a relationship
between the global composition and the relative values.

This work delves into the approach consisting of chemically
analysing the stomach contents to gain information on the food
ingested, providing information not previously given on the chemical
components of the digestive content and their relationships
(Marin-Garcia et al., 2023). Nevertheless, more studies are needed
to elucidate the relationships between this amount and the
correlation with the conservation physiology, health and survival of
this species. More work is needed to move conservation physiology
and nutritional ecology forward, establishing methodologies that
allow quantification of the intake of each nutrient. Although this work
provides information on the chemical composition of the rabbit diet,
it is interesting to increase the analytics and try to find other

important interactions with nutrition.
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5 | CONCLUSIONS

This work provides both relative and absolute chemical composition
values of the gastric contents of European wild rabbits. From these
data, the following conclusions can be drawn: (i) The mean relative
values obtained were 8.51%, 24.81%, 44.38% and 22.29%, for ash,
CP, NDF and HDNN. (ii) There is a positive correlation between the
animal's weight and DM in the gastric content, a positive correlation
between total gastric content with DM in the gastric content, and a
positive correlation between DM content in gastric content with all
the chemical parameters analysed. (iii) EMPTY animals presented
both a proportional (+19%, p = 0.0023 and -40%; p = 0.0036, on NDF
and, HDNN, respectively) and absolute (-38%, p=0.0137, -52%,;
p=0.0116, -52%; p=0.0114 and +83%; p =0.0077 for OM, ash,
HDNN, and lignin, respectively) different proportion of nutrients in
gastric contents than FULL animals. As a key lesson learnt, chemical
composition of the gastric content could be used in the nutritional
ecology of European rabbits. There exists an important relationship
between the parameters analysed (weight, length and different
chemical components) that indicate an important interaction

between nutrition and ecology of this species.
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