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   Abstract 

 Individuals of  Akodon cursor  were collected at fragments 
from the Atlantic Forest of Brazil and laboratory food prefer-
ence experiments were performed. A preference index for each 
food item and the proportions of organic nutrients (glucids, 
protein, lipids and fi bers) on the diet were calculated. Food 
items were grouped into fruits, seeds, roots, animal matter, 
arthropods, tubers and leaves, and their mass and proportions 
consumed were also calculated. Macroscopic digestive tract 
morphology was briefl y described and the length of diges-
tive organs was measured. Relations between the organic 
nutrient mass consumption, food type mass consumption and 
the digestive tract organ relative length were analyzed using 
Akaike ’ s information criteria. Fruits, seeds and roots made 
the most abundant food categories of the diet of  A. cursor  and 
presented the majority of preferred food items. Arthropods 
and seeds are related to protein consumption. Animal items 
are not considered preferred but were eventually chosen and 
are important for protein supply. Fruits and roots are the major 
source of glucids.  Akodon cursor  has simple macroscopic 
digestive organ morphology. Relations were found between 
lipids consumption and small intestine and caecum length. 
 Akodon cursor  is an omnivorous species and different food 
items are important for its nutritional supply even those that 
are considered non-preferred.  

   Keywords:    Akaike ’ s information criterion (AIC);    Akodon 
cursor ;   digestive tract;   food preference;   nutrients content.     

  Introduction 

 Diet is one of the most important components of an animal 
life and several methods are used to investigate it, fi eld meth-
ods being the most common (Southwood and Hendersen 
 2000 ). These methods are important as they can be used to 
determine the temporal and spatial variation on consumed 
diet items. However, food items are rather variable in nature 
and nutrient content is diffi cult to ascertain, and in addition 

resources availability can be somewhat variable among sea-
sons during the year (Ceotto et al.  2009 ). As a consequence, 
these methods limit comparisons among species (Campos et 
al.  2001 , Ast  ú a de Moraes et al. 2003 ). Otherwise, in labora-
tory experimental approaches such as alimentary preference 
experiments, where resources are standardized by the use 
of commercial food items available all year long, resources 
availability can be controlled and nutrients and fi bers propor-
tions can be more easily and precisely established, enabling 
the comparison between species in standardized conditions 
( Périssé   et al. 1989 ). This method has been considered as 
experimentally simple and effi cient to study nutrient require-
ments of small mammals (Jones et al.  2003 ). 

 Alimentary preference is the result of physiological, 
behavioral and ecological mechanisms. These mechanisms 
are responsible for an optimal ingestion of energy and for the 
selection of a nutritional balanced diet (Louw  1993 , Penry 
 1993 , Koteja  1996 , Corp et al.  1997 , Owl and Batzli  1998 ). 
Laboratory preference experiments eliminate external fac-
tors (e.g., ecological) related to food choice, being the pro-
portion of food types consumed and the nutrients proportion 
ingested derived from it, and more related to the physiologi-
cal and behavioral constrains of the species (Zuwang  1987 , 
Shettleworth et al.  1993 , Ast  ú a de Moraes 1998 , Augner 
et al.  1998 ). 

 Although commercial food items are not found at the species ’  
natural habitat, it is reasonable to state that chemical character-
istics and properties of food types are, in most of cases, similar 
(Ast  ú a de Moraes et al. 2003 ). Although it may seem meaning-
less to offer such items, some studies have shown that offering 
unfamiliar food items does not prevent animals from choosing 
a balanced nutritional diet (Louw  1993 ). Other studies show 
that there is a close relationship between the proportion of 
nutrients consumed in alimentary preference experiments and 
food categories that a species consumes in the fi eld ( P é riss é  et 
al. 1988 , Ast  ú a de Moraes et al. 2003 ). Comparisons between 
diet characteristics in the laboratory and in the fi eld showed 
similar results (Santori et al.  1997 ). 

 The alimentary preference approach also allows the rela-
tion between diet nutritional characteristics and digestive 
organ size and morphology. Although individual digestive 
organs present phenotypic fl exibility due to diet quality and 
energetic content (Naya et al.  2008 ), the relation between 
nutrients and food types proportions and the digestive tract 
morphology and morphometry, considering a large number of 
individuals, can give important clues to understanding a spe-
cies ’  diet and the structural gut changes that can be related to 
it (Santori et al.  2004 ). 
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  Akodon cursor  Winge (Sigmodontinae) has terrestrial hab-
its and a wide geographical distribution, occurring in a vari-
ety of habitats in the Atlantic Forest Morphoclimatic Domain 
(Geise et al.  2005 ). The species has a rather large range of 
diet which together with the generality of its habitat prefer-
ence may explain its wide distribution in the Atlantic Forest 
(Cerqueira et al.  2003 ). Species of the genus  Akodon  are gen-
erally considered omnivores (Graipel et al.  2003 ), but some 
studies have shown that there is interspecifi c variation on 
the proportions of food types consumed. For example, indi-
viduals of  Akodon montensis  consume a higher proportion 
of vegetal matter (Talamoni et al.  2008 ) and are considered 
important seed predators in Araucaria forests (Vieira et al. 
 2006 ), whereas  Akodon azarae  and  Akodon molinae  present 
a higher proportion of insects in its diet (Ellis et al.  1998 , 
Campos et al.  2001 , Suarez and Bonaventura  2001 ).  Akodon 
cursor  seems to have a high degree of insectivory when com-
pared with other sigmodontinae rodents that occur at Atlantic 
Forest formations (Finotti  2003 ) or other small mammal spe-
cies (Carvalho et al.  1999 ), but due to the low number of stud-
ies done with this species ’  diet, no conclusions can be drawn. 

 Intraspecifi c and morphometric analyses related to the diet 
characteristics are also lacking for this species. Vorontzov 
 (1967)  and Carleton  (1973)  examined the morphology of 
stomachs of several species of sigmodontinae rodents, includ-
ing  Akodon cursor . However, there are no detailed descrip-
tions of other parts of the digestive tract (especially the 
caecum) and although the authors made some general infer-
ences on the functional signifi cance of digestive tract organs 
based on the anatomy of Sigmodontinae species, they were 
not tested. 

 Here, we present the results of laboratory food preference 
experiments and an evaluation of the nutritional contents of 
the food consumed.  Akodon cursor  digestive tract morphol-
ogy is described and its morphometry is related to its diet 
nutritional contents and food categories consumed.  

  Materials and methods 

 We used adult animals from two localities of the Atlantic 
Forest at Rio de Janeiro State, locality of Guapimirim 
(22 ° 32 ′ 14 ″ S and 42 ° 58 ′ 55 ″ W) and locality of Varre e Sai 
(20 ° 55 ′ 55 ″ S and 41 ° 52 ′ 08 ″ W). The age of vaginal opening 
in females and the appearance of scrotal testes in males was 
registered and used as indicators of age of puberty (Araripe et 
al.  2006 ). Young individuals and pregnant or nursing females, 

i.e., those who had nestling before, during or after the experi-
ment, were excluded from the analysis as they may present 
different nutritional needs related to differences in metabolism 
and physiological state. The experiments were conducted in a 
maximum of 4 days after the arrival of individuals to the labo-
ratory and were initiated during the day in a way that animals 
were included in the experiment during the night. 

 Temperature at the laboratory varied between 19 ° C and 
24 ° C and relative humidity varied between 65 %  and 82 % . 

  Food preference experiments 

 Food preference was determined through a laboratory experi-
ment developed in the Laboratory of Vertebrados  –  UFRJ 
( Périssé   et al. 1989 ). The experiments consisted in offering 
27 food items (Table  1  ) of animal and vegetable origins to 
test the food preference, with water  ad libitum . Each indi-
vidual was put inside a plastic cage (0.49  ×  0.34  ×  0.16 m) with 
food, where it remained for 18 – 24 h. Each animal and the 
food items were previously weighed. At the end of the experi-
ment, individuals were removed from the cages and weighed 
again if there was evidence of food consumption (tooth marks 
and/or fragments). If not, the food item was considered not 
consumed. The mass consumption of each food item was esti-
mated as the difference between the amount of food offered 
and the amount that was weighed at the end of the experi-
ment. We calculated a preference index as: 

 P  =  Fd/Fr, 

 where P  =  preference index, d  =  total consumed of a given food 
item,  Σ d  =  the total consumed of all items, r  =  resource, the 
quantity of each item offered,  Σ r  =  the sum of all offered food 
items, Fd  =  d  ×  100/ Σ d, and Fr  =  r  ×  100/ Σ r. 

 Fd is the frequency of each item consumed and Fr the fre-
quency of the item offered (resource). Items with a preference 
index   >  1 – 50 %  or more of the individuals in the experiment 
were considered preferred ( Périssé   et al. 1989 ). 

 We also estimated the proportion of organic nutrients of 
each food item [lipids (fats), proteins, fi bers (structural car-
bohydrates) and glucids (non-structural carbohydrates)] using 
food chemical composition tables (Franco  1987 , Mendez et 
al.  1995 ). The total food mass consumption and organic nutri-
ents consumed were calculated, and the proportion of each 
organic nutrient consumed (organic nutrient mass consump-
tion/total nutrient mass consumption) was calculated. The 
food items were grouped into the following food types: fruit, 

 Table 1      Food items used in the food preference experiments.  

Food type Food items

Fruits Banana, orange, gumbo, tomato, grapes, apple and chayote
Roots and tubers Carrot, manioc, beetroot, yam and potato
Leaves Lettuce, cabbage and spring onion
Animal items Ox meat (muscle), quail egg, chicken (muscle), fi sh (muscle), Ox tripe, Ox kidney and eggs
Arthropod Shrimp
Seeds Coconut pieces, peanuts, corn, chick peas and sunfl ower seeds
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leaves, seeds, roots, tubers, vertebrate animal matter (meats 
and egg) and arthropods (Table 1). The mass summation of 
the items belonging to each one of these categories was con-
sidered the category consumption for each individual. Then 
a mean, median and the standard deviation for each category 
was calculated for the species. We also calculated the mass 
proportions of each food category in the diet (food category 
mass consumption/total food mass consumption).  

  Digestive tract 

 Animals were sacrifi ced, weighed and their body measure-
ments were taken just after they left the preference experiment. 
To extract the digestive tube we made a cut from just below the 
external to the end of the abdomen. The esophagus was ignored 
as it serves only as a passage for the food to the stomach and 
no digestive processes occur there. The other organs were 
carefully cleaned and their lengths were measured with a mil-
limeter board, just after death. The organs measured included: 
the small intestine, caecum, gross intestine and stomach region 
(corpus and antrum) lengths. We calculated the mean and vari-
ance of the absolute measure of each organ, as well as the rela-
tive proportion of each organ (organ length divided by the sum 
of all organs lengths). We described the macromorphological 
characteristics of each digestive tract organ. Anatomical terms 
on stomach morphology are those established by Carleton 
 (1973)  and for the other organs we used the nomenclature of 
Grass  é  (1973)  and Vorontzov  (1967) . 

 Digestive organs ’  length differences between sexes were 
tested using the Mann-Whitney (U) test. 

 To test the necessity for adjustments to the body size, abso-
lute measures of body length and each digestive organ length 
regression analyses were made between these variables. The 
variables were log-transformed; body length was used as the 
independent measure and the each digestive organ length as 
the dependent measure.  

  Relation between food type mass, digestive organs 

and organic nutrients 

 We analyzed the relations between food type consumption and 
organic nutrient consumption, as well as the relation between 
digestive organ length and organic nutrient consumption. For 
this, an information-theoretic measure approach, Akaike ’ s 
information criterion (AIC) (Burnham and Anderson  2002 ) 
was used. We constructed models using food type consump-
tion (g) as independent variables and organic nutrient mass 
consumption (g) as dependent variables and using digestive 
organ length (mm) as independent variables and organic 
nutrient mass consumption (g) as dependent variables. 

 Stomach total length was not used in this analysis, only the 
length of its regions (antrum and corpus). As these regions 
are made up of different tissues, we considered that they may 
have different functions on food and nutrient digestion, as 
previously hypothesized by other authors (Vorontzov  1967 , 
Carleton  1973 ). 

 We fi rst built a general model where all independent vari-
ables were used and related to each dependent variable. For 

the other models, independent variables and their combina-
tions were chosen based on a previous hypothesis. For the 
relations between food types and organic nutrients, inde-
pendent variables (food types) were selected based on their 
importance on organic nutrient consumption. The hypotheses 
for this were based on the nutritional proportion analysis of 
food types, and information from the literature as well (Louw 
 1993 , Schmidt -Nielsen 1996 ). To understand the importance 
of food type on protein and lipid consumption, only seeds, 
arthropods and animal matter were included in the model. 
Roots, fruits and seeds were used in the glucids consump-
tion models and seeds, roots, fruits and leaves were used in 
the fi ber consumption models. Tubers and roots were grouped 
because these two food types have very similar nutritional 
contents and tubers were consumed in a very low proportion. 

 Models using digestive organs as independent variables 
were based on hypotheses based on their physiological role 
according to the literature (Vorontzov  1967 , Carleton  1973 , 
Low 1993, Schimidt-Nielsen 1996). Antrum, corpus, caecum 
and small intestine lengths were related to protein consump-
tion. Small intestine and caecum lengths were used for rela-
tions with lipids and glucids consumption and corpus and 
caecum were used for models on fi ber consumption. The gross 
intestine was only included in the global model (all organs) 
because it is important in water absorption but has no  a priori  
known importance on organic nutrient digestion. 

 To establish a goodness comparative model criterion, a null 
model was constructed. The null model is one where all corre-
lations with independent variables are zero, variation on this 
model are from the mean and variances of the data itself, with 
no relation with the independent variables. This model was 
used as reference for other models goodness-of-fi t. Models 
that had higher AIC values compared to the null model were 
ruled out as possible explanations.   

  Results 

  Food preference experiment 

 A total of 73 individuals (48 males and 25 females) were 
captured on forest fragments at the locality of Guapimirim 
(22 ° 32 ′ 14 ″ S and 42 ° 58 ′ 55 ″ W) and 11 individuals (6 males 
and 5 females) were captured at a forest fragment at the local-
ity of Varre e Sai (20 ° 55 ′ 55 ″ S and 41 ° 52 ′ 08 ″ W). Individuals 
did not increase body mass at the end of the experiment (ini-
tial body mass  =  50.15  ±  14.75 g, fi nal body mass  =  51.65  ±  14.30 
g, t  =  0.99, df  =  84, p  =  0.32). No gender differences were found 
(t  =  0.78, df  =  84, p  =  0.25). 

 Fruits were the most consumed food type in the diet, fol-
lowed by seeds, roots, arthropods, tubers, animal items and 
leaves. All the items present high variance (Table  2  ). 

 Among the 27 offered food items, only 7 had preference 
index equal or higher than 1 and thus were considered pre-
ferred. With regard to the fruit category, grapes, oranges and 
bananas were the preferred items; for the seed category, chick 
peas and coconuts were not preferred; manioc was the only root 
preferred; and shrimp (arthropod) was also preferred. All food 
items were consumed for at least one individual (Table  3  ). 
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 Table 2      Mean weight, standard deviation (SD) and proportion of 
each food category consumed in the preference experiment (n  =  84).  

Food categories Mean mass (g)/SD Proportion ( % )

Fruits 21.30/10.94 37.37
Seeds    5.64/2.38 28.71
Roots    5.17/4.69 12.94
Arthropods    2.19/2.79    6.1
Animal items    1.93/3.63    6.38
Tubers    2.36/4.16    5.91
Leaves    1.32/2.44    5.41

 Glucids corresponded to a mean proportion of 60.37 %  
(  ±  11.08) of the total nutrient consumption, followed by 
proteins (16.07 %   ±  6.57), lipids (12.03 %   ±  11.95) and fi bers 
(11.83 %   ±  2.93). Mean glucids mass consumed was 6.46g 
(  ±  2.24), proteins was 1.72 g (  ±  0.84), lipids was 1.26 g (1.19) 
and fi bers was 1.26 g (  ±  0.49).  

  Digestive tract 

 A total of 13 individuals, 11 from the Guapimirim locality 
and two from the Varre e Sai locality (8 males and 5 females ), 
were used for morphological and morphometric analysis of 
the digestive tract. 

 The stomach shows a monogastric form. It is very plastic, 
relative measures varying according to the food volume pres-
ent inside it. The antrum makes the major portion of the stom-
ach, showing fi ne muscular bands (Figure  1   and Table 4). It 
is also much more variable in length than the corpus (Table 
 4  ). The corpus is spacious, with a broad fornix ventricularis 
and a less variable length. Distribution of cornifi ed and glandu-
lar linings coincides closely with the basic stomach divisions: 
cornifi ed epithelium is found in the corpus, whereas glandular 
epithelium is limited mainly to the antrum. The bordering fold 
crosses the lesser curvature at the apex of the incisura angu-
laris and the greater curvature at a locus opposite the incisura 
angularis. (Figure 1). At this region, microvilli can be found, 
extending to the beginning of the small intestine. 

 The small intestine is the longer linear portion of the diges-
tive tube. It is a cylindrical tube with no identifi able macro-
scopic structural differentiation or modifi cation at this portion. 

 The caecum has a coma form, being narrow at the superior 
portion, smooth and without haustra of the colon or muscu-
lar taenia (Figure  2  ). The ileocecal valve has a very simple 
structure at this junction with the small intestine. At the junc-
tion with the gross intestine there are several folds, forming a 
straight and tubular route to the gross intestine and extending 
towards it. These folders suffer an enlargement at the gross 
intestine initial portion until the middle portion, where it dis-
appears (Figure  3  ). 

 Table 3      Mean, median, maximum (max), minimum (min), standard deviation (SD) and preference index (PI) of each food item consumed 
in the preference experiment.   

Food items Mean (g) Median (g) Max (g) Min (g) SD PI

Gambo 0.58 0    6 0 1.07 0.23
Apple 2.22 1.9 12.18 0 2.32 0.71
Chayote 1.25 0 12.86 0 2.28 0.16
Tomato 1.10 0 10.72 0 2.05 0.16
Grapes 3.49 2 18.04 0 4.05 1.43
Orange 6.7 4.93 57.31 0 7.91 1.64
Banana 6.00 4.81 53.68 0 7.40 1.23
Chick peas 0.15 0    2.65 0 0.50 0.25
Corn 1.06 0.68    5.14 0 1.23 1.46
Peanuts 0.70 0    4.03 0 1.21 1.67
Sunfl ower seeds 0.43 0.35    2.43 0 0.49 2.71
Coconut 3.30 3.32    7.38 0 1.59 0.87
Manioc 3.50 2.76 17.43 0 3.40 1.56
Carrot 0.63 0 12.5 0 1.77 0.08
Yam 1.23 0 14.66 0 2.56 0.25
Beet root 1.04 0    6.78 0 1.80 0.15
Cabbage 0.64 0    6.16 0 1.46 0.6
Lettuce 0.60 0    6.34 0 1.46 0.44
Spring onion 0.08 0    1.36 0 0.31 0.40
Ox meat 0.25 0    4.1 0 0.89 0
Shrimp 2.19 0.65 13.88 0 2.79 1.06
Quail egg 0.01 0    0.5 0 0.05 0
Chicken 0.50 0    8.21 0 1.61 0.17
Fish 0.56 0    4.33 0 1.25 0.27
Ox tripe 0.51 0    7.33 0 1.45 0.05
Ox kidney 0.11 0    4.83 0 0.62 0.13
Potato 1.13 0    7.26 0 2.74 0.21

   Preferred food items are those with PI   ≥   1.00 (n  =  84).   
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 Figure 1    External and internal views of stomach portions. Line represents 1 cm.    

 The gross intestine is a cylindrical smooth tube, wider 
and shorter compared with the small intestine. It is formed 
by muscular crossbands throughout all its length. Depending 
on the food volume content, the muscular bands can be very 
close and grouped or may expand and become less obvious 
forming pouches (Figure  4  ). 

 No differences were found between the sexes for each 
digestive organ: antrum: U  =  5.5, p  =  0.13; corpus and small 
intestine: U  =  10, p  =  0.52; caecum: U  =  6.5, p  =  0.31; gross 
intestine: U  =  9.0, p  =  0.40 (for all comparisons n  =  13, 8 males 
and 5 females). 

 Signifi cant correlations were found between body length 
and antrum region length (n  =  13, R 2   =  0.19, p  =  0.27) and with 
gross intestine length (n  =  13, R 2   =  0.16, p  =  0.04). The other 
organ length presented no signifi cant relation to body length 
(corpus: n  =  13, R 2   =  0.02, p  =  0.48, small intestine: n  =  13, 
R 2   =  0.09, p  =  0.09 and caecum: n  =  13, R 2   =  0.4, p  =  0.33). Thus, 
the relations between digestive tract organs, food categories 
and nutrient content were made using their relative measures.  

  Relation between food type mass, organic nutrients 

mass and digestive organs 

 With the exception of the models that relate proteins and glu-
cids with food types (Tables  5   and  6  ) and the models relating 
lipids with digestive organ length (Table  7  ), the null model 
evidence ratios of all models were three to four times higher, 
when compared with the second best model. Consequently, 

there is very poor evidence for them and they were not con-
sidered in our study. 

 The best model for glucids consumption was the fi rst, which 
combines roots and fruits. This model has w i  fi ve times greater 
than the second model, and such fi ndings indicate that roots and 
fruits are the main source of these organic nutrients (Table 6). 

 None of the models for consumed proteins mass can be 
considered as the best (Table 5). Evidence ratios are low, 
varying from 1.04 to 2.40 when the highest w i  is compared 
with the others. Although we can state that, concerning the 
three food types analyzed, evidence suggests that seeds and 
arthropods are slightly more important food types than animal 
matter with regard to protein consumption for this species. 

 Concerning the digestive organs, the best model was 
that between lipids mass consumption and small intestine 
and caecum length (Table 7), although the evidence ratios 
are not very high in comparison with the null model (small 
intestine: 1.39 and caecum: 1.38). With such evidence ratios, 
these relations should be considered as weak evidence in 
this regard.   

 Table 4      Absolute and relative measures of the digestive tract 
(n  =  13).  

Digestive tract organs Length (mm)  ±  SD Relative measure ( % )

Stomach 31  ±  7.19    3.26
Antrum region 21.77  ±  7.3    2.29
Corpus region 13.04  ±  2.72    1.37
Small intestine 743.61  ±  162.45    78.12
Caecum 39.46  ±  13.54    4.15
Gross intestine 102.85  ±  31.21    10.81
Total length 951.73  ±  179.73 100.00

Caecum

Gross
intestine

Small
intestine

 Figure 2    External view of the caecum. Lines represent 1 cm.    
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 Figure 3    Internal view of the caecum showing the folds extending 
throughout the gross intestine. Line represents 1 cm.    

  Discussion 

  Akodon cursor  is generally considered as insectivore-om-
nivore (Fonseca and Kierluff  1989 , Fonseca et al.  1996 , 
Emmons and Feer  1997 , Carvalho et al.  1999 ). Arthropods 
seems to be an important source for protein supply and can 
be considered important for diet differentiation of  A. cursor  
from that of other species, as described in other laboratory and 
fi eld studies (Carvalho et al.  1999 , Finotti  2003 ). However, 
in our study this species presented a very broad diet, with 
fruits and seeds being the major food types. One can state 
that these could be the result of fruits and seeds being better 
represented in the experiment. However, as we discarded the 
experiment where any item was totally consumed, this is not 
probable. Fruits and seeds are important for many rodent spe-
cies (Talamoni et al.  2008 ) and other small mammal species 
(Santori et al.  1997 , Ceotto et al.  2009 ). With regard to fi eld 
studies on rodent diet, these items are frequently underesti-
mated because rodents are seed predators (Vieira et al.  2006 ) 

and can grind seeds to small pieces, not detectable in fecal or 
stomach content samples (Carvalho et al.  1999 , Campos et al. 
 2001 ). Thus, it is possible that the importance of these food 
items in the  A. cursor  diet is being underestimated. 

 Additionally, in laboratory food experiments where food 
offer is standardized, food choice is basically refl ecting the 
nutritional needs and/or the energetic demands of the individu-
als ( Périssé   et al. 1989 , Ast  ú a de Moraes et al. 2003 ) without 
the restrictions posed by food accessibility and availability. 
These studies can contribute to elucidate some aspects about 
the effects of these restrictions on fi eld diet studies. For exam-
ple, Castellarini et al.  (1998) , who carried out fi eld studies 
and cafeteria experiments with  Calomys venustus  (Rodentia, 
Muridae), showed that when two different food types, each one 
more consumed in a different season in the fi eld, are equally 
offered at the same time in the laboratory, individuals choose 
the one preferred, concluding that diet seasonal variation is the 
result of scarcity or competition for a determined food type. 
Based on fi eld evidence and the results found here, we can 
state that  Akodon cursor  can be considered omnivorous, simi-
lar to other small mammal species (Landry  1970 , Graipel et al. 
 2003 , Talamoni et al.  2008 ).  A priori  traditional species clas-
sifi cation in categories such as insectivorous, carnivorous and 
herbivorous do not make sense for this and other small mam-
mal species (Ast  ú a de Moraes et al. 2003 , Finotti  2003 ). 

 Analysis of the nutritional content of selected food items 
can also furnish important information in comparing the diet 
of  Akodon cursor  with the diet of other species, as species can 
present differences in quality of food items of a determined 
food type (seeds, arthropods, fruits). For  A. cursor , fruits, 
along with roots, were important glucids (non-structural car-
bohydrates) sources as selected items of this food type are 
those with a higher content of sugar (fructose) (Franco  1987 ). 
Seeds were important for protein supply and the most pre-
ferred seed (sunfl ower seeds) has a higher protein content 
compared with other seeds (Franco  1987 ). Seeds are impor-
tant water and lipid sources for rodents (Schmidt -Nielsen 
1996 ) and granivory is considered an important strategy of 
desert rodent species (Mares and Rosenzweig  1978 , Murray 
 1994 ). To the best of our knowledge, its importance as a pro-
tein source has never been demonstrated. 

A B

 Figure 4    Internal views of the gross intestine. Note the different aspects of muscular bands: (A) empty portion, (B) portion full of digested 
food. Lines represent 1 cm.    
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 Non-preferred food items are also important to understand 
complete nutritional status of a species. Although no animal 
items and leaves were considered preferred, they are even-
tually eaten, indicating that they can function as a supple-
mentary resource, and more precisely animal items are an 
important protein source. 

 The digestive tract of  Akodon cursor  did not present clear 
changes at the macroscopic level. Hume  (1982)  states that 
there is a direct relationship between an animal ’ s diet and its 
digestive morphology. However, other studies indicate that, 
in some taxa, this relationship is less clear, due to the plastic-
ity and variability of the relative size of different parts of the 

digestive tract (Derting and Bogue  1993 , McClelland et al. 
 1999 , Sabat and Bozinovic  2000 , del Valle et al.  2006 ). This 
appears to be the case for  A. cursor . 

 Although the models among the small intestine and cae-
cum length and lipids consumption were considered the best, 
they presented very low evidence ratios compared to the null 
model. For the small intestine, it is reasonable to expect this 
relation as fat digestion occurs, mainly, in this organ (Grass  é  
1973 , Schmidt -Nielsen 1996 ), but for the caecum this func-
tion is not expected. The function of the caecum as a fer-
menting chamber for fi ber digestion is well documented for 
some mammal taxa (Louw  1993 ). However, for rodents and 

 Table 5      Models for proteins mass (g) and food types.   

Proteins n K AIC c  Δ  i exp(-0.5  ×   Δ  i ) w i r 2 

Seeds 84 3 4.21 0 1 0.14 0.19
Arthropods 84 3 4.28 0.07 0.96 0.14 0.20
Seeds and animal matter 84 4 4.39 0.18 0.91 0.13 0.28
Seeds and arthropods 84 4 4.41 0.20 0.90 0.13 0.26
Null 84 2 4.48 0.26 0.88 0.12 0.07
Animal matter 84 3 4.48 0.26 0.88 0.12 0.05
Seeds, arthropods and animal items 84 5 4.63 0.42 0.81 0.11 0.4
Arthropods and animal items 84 4 4.72 0.51 0.78 0.11 0.13
All food types 84 8 5.97 1.75 0.42 0.058 0.46

   n  ,   sample size; k  ,   number of parameters; AIC c   ,   Akaike ’ s information criterion for small sample sizes;  Δ  i   ,   difference between the AIC of the 
best model and that of model i (AIC i -min AIC); exp(-0.5  ×   Δ  i )  ,   estimate of likelihood; w i   ,   Akaike ’ s weight (estimate of likelihood of the model 
i divided by the sum of the likelihoods estimate); r 2   ,   coeffi cient of determination.   

 Table 6      Models for glucids mass (non-structural carbohydrates) (g) and food types.   

Non-structural carbohydrates n K AIC c  Δ  i exp(-0.5  ×   Δ  i ) w i r 2 

Roots and fruits 84 4 3.48 0 1 0.41 0.18
Null 84 2 6.57 3.10 0.21 0.09 0.00
Seeds 84 3 6.63 3.15 0.21 0.09 0.13
Roots 84 3 6.73 3.25 0.20 0.08 0.16
Seeds and roots 84 4 6.77 3.30 0.19 0.08 0.33
Fruits 84 3 6.81 3.34 0.19 0.08 0.04
Seeds and fruits 84 4 6.92 3.44 0.18 0.07 0.17
Seeds, roots and fruits 84 5 7.12 3.64 0.16 0.07 0.35
All food types 84 8 8.59 5.12 0.08 0.03 0.36

   n  ,   sample size; k  ,   number of parameters; AIC c   ,   Akaike ’ s information criterion for small sample sizes;  Δ  i   ,   difference between the AIC of the 
best model and that of model i (AIC i -min AIC); exp(-0.5  ×   Δ  i )  ,   estimate of likelihood; w i   ,   Akaike ’ s weight (estimate of likelihood of the model 
i divided by the sum of the likelihoods estimate); r 2   ,   coeffi cient of determination.   

 Table 7      Models for lipids mass (g) and digestive organs length.   

Lipids n K AIC c  Δ  i exp(-0.5  ×   Δ  i ) w i r 2 

Small intestine 12 3    9.10    0 1 0.37 0.11
Caecum 12 3    9.11    0.01 0.99 0.36 0.13
Null 12 2    9.76    0.67 0.72 0.26 0
Small intestine and caecum 12 4 17.00    7.90 0.02 0.01 0.04
All organs 12 7 48.01 38.92 0.00 0.00 0.48

   n  ,   sample size; k  ,   number of parameters; AIC c   ,   Akaike ’ s information criterion for small sample sizes;  Δ  i   ,   difference between the AIC of the 
best model and that of model i (AIC i -min AIC); exp(-0.5  ×   Δ  i )  ,   estimate of likelihood; w i   ,   Akaike ’ s weight (estimate of likelihood of the model 
i divided by the sum of the likelihoods estimate); r 2   ,   coeffi cient of determination.   
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marsupials, this remains a controversial point (Santori  1995 , 
Santori et al.  2004 ). The caecum of  Akodon cursor  shows a 
very simple structure and is very different from the caecum 
of animals known as herbivores. As a hypothesis to be tested, 
we can state that, for this species, it may function as an organ 
where the digestion of fat, which begins in the small intestine, 
continues. 

 It is important to state that these relative lengths better rep-
resent the size of some organs as the small and gross intes-
tines. For other organs, such as stomach and caecum, this may 
not be a good measure. Measures of volume of these organs 
and studies of different food type digestibility are essential to 
understand their role in digestion (Crowe and Hume  1997 , del 
Valle et al.  2004, 2006 , Santori et al.  2004 ). 

  Akodon cursor  is basically omnivorous, uses a large range 
of food items and has an omnivore digestive tract. These 
results can serve as a basic framework where diet fi eld sea-
sonal and geographical variation can be analyzed. Laboratory 
approaches that allow the measure of diet items consumed 
and their nutritional quantities on other species may enhance 
our understanding of the differences between species with a 
very strong alimentary niche superposition.   
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