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Abstract

:

Bovine breeding began in Peru more than five centuries ago; since then, adaptation has started. Nowadays, Creole cattle are part of economic activities of Peruvian farmers, as they supply food and profits, among other things, for families in Andean region. Creole cattle have many strengths such as resistance to diseases, low nutrient requirements and easy adaptation to different levels of altitude and environmental conditions. However, even with all these attributes, they are not valued within production systems. Moreover, these valuable genetic resources are disappearing gradually in Perú. For this reason, this study aims to characterize the zoometry of Creole cows from the Southern Amazonas region of Peru. Biotype classification was performed by hierarchical cluster and multivariate factors analysis. Qualitative traits were analyzed with descriptive statistics and Duncan’s test (α = 0.05) was used to compare means among groups. Associations between qualitative traits were determined with Chi-square. We distinguished three biotypes of Creole cows with characteristics for meat and milk production. This information is helpful for future conservation programs for Creole cattle.
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1. Introduction


The origin of the Creole bovine in Peru started in 1493 when Christopher Columbus introduced the bovine species in America. Since then, adaptation to diverse Peruvian ecosystems has started [1]. Over the centuries, Creole bovine went through numerous random crosses generating not only diversity in phenotypes but also multiple adaptive advantages compared to specialized bovine breeds (Holstein, Brown Swiss, Angus, Simmental), such as lower nutrient requirements in their diet, lower disease susceptibility, higher fertility rates, and greater longevity under adverse environmental conditions [2]. However, creole bovine is undergoing genetic erosion due to the introduction of specialized breeds [3,4]. The identification of Creole bovines based on their diversity is conceptualized as phenotypes [5]. Their natural environment influences specific zoometric traits and gives evidence of diverse phenotypes such as coat coloring pattern, head characteristics, horns present or absent, body frame, among others [6]. Therefore, given such advantages and environmental variation in the American continent, the Creole bovine has been zoometrically characterized in countries such as Mexico [7,8], Chile [9], Argentina [10], Colombia [11], Ecuador [12], Uruguay [13,14], and Venezuela [2]. All these data constitute valuable information for identifying biotypes and their zootechnic indices.



In Peru, Creole bovine are of great interest for the rural farmers’ economy in Andean region, supplying food (meat and milk), profits, among others [15,16]. Although, introduction of specialized breeds such as Holstein, Jersey, Brown Swiss, Angus, Brangus, Simmental, intends to increase productivity, they are more susceptible to harsh environmental conditions. Therefore, multi-functionality, genetic value, and socio-economic relevance of Creole bovine, are advantages that should be preserved. In Amazonas region, one study was carried out in six dairy basins: Molinopampa and Olleros (Chachapoyas province), Florida, and Progreso (Bongará province) and Huambo and Limabamba (Rodríguez de Mendoza province), where the Creole bovine’s population was higher in quantity than specialized breeds such as Simmental, Holstein, and their crosses [17]. However, Creole bovine population is decreasing in Amazonas region, despite the fact that they provide economic resources for rural families, they require less investment in sanitary treatments than specialized breeds [18]. Also, they are very heterogeneous, represented by many morphotypes that have been scarcely studied [19]. For this reason, we aim to identify the zoometric characteristics of the southern Amazonas region’s Creole cows.




2. Materials and Methods


2.1. Location


This study was carried out in three provinces of the southern Amazonas region where Creole cows are raised: Chachapoyas, Luya, and Bongará (Table S1; Figure S1). In these districts, cows graze only Dactylis glomerata L, Trifolium repens, Pennisetum clandestinum, and Philoglossa mimuloides natural grassland.




2.2. Zoometric Indices


Zoometric indices from local Creole cows from Chachapoyas, Luya and Bongará (29, 37 and 29 cows, respectively) were registered. Measurements were recorded early in the morning at 7:00 to fasting animals following the guidelines of ARRIVE 2.0 (Animal Research: Reporting of In Vivo Experiments) available at https://arriveguidelines.org/ (accessed on 14 January 2021).



The cows were classified according to dental age (six teeth, eight teeth and full mouth) [20] and lactations number (first, fourth or more lactations) provided by the owners.



2.2.1. Coat Coloring Pattern


The coat coloring pattern was classified as simple (one color), compound (more than two defined colors, including spots), or mixed (gradient color scheme with no defined limits). The coat color was registered as black (A), reddish bay (B), light brown (C), dark brown or muddy (D, E), white moor (F), brindle (G), black overo “callejón” (H), smoky “cardeno” (I), mulatto (J), pinto (K) [21,22]. In addition to these, local color denominations were registered, such as nevado rosillo (L), jalmada (M), frijol (N), casullo (O) or bay (P) (Figure 1). Also, we distinguish the hoof (dark or light), and horns tip (black, dark, or amber) colors, and the presence or absence of horns [21,22].




2.2.2. Quantitative and Qualitative Traits


Local farmers use Creole bovine for mixed purposes (tractive force, milking, and meat) and they manage the selection criteria. Therefore, Creole bovines do not have a standard linear breeding description. So, we used the morphometric traits from the Fleckvieh bovine linear breeding description (Fleckscore) available on the web https://www.fleckscore.com/ (accessed on 18 November 2020) and [23,24]. Defects in udder, frame, and feet and leg were also registered (Table S3). Moreover, measurements of structure (hight at cross, body depth, hip width, back length, and rump length), udder (teats length, teats thickness, fore udder length, udder depth, central ligament), musculature (concave, slightly concave, straight, slightly convex/normal, convex/thin) and feet and legs (hock angularity, hock development, and pasterns) were considered (Table S2). Finally, a body condition score was used to assess the nutritional status (Table S4) [24].





2.3. Statistical Analysis


Creole cows were classified into biotypes in a dendrogram by hierarchical grouping of qualitative and quantitative traits using cluster analysis. Ward’s algorithm and Mahalanobis distance were used to construct the tree, and then a cut at 60% of the largest distance was made to establish the clusters. Through a multivariate factor analysis, we got the correlations between the analyzed traits. The Kaiser-Meyer-Olkin assumption (KMO = 0.4) was evaluated, indicating a relative sub structuration in the study population, and partial correlation between the identified variables. According to Bartlett sphericity test (p < 0.001), it is suitable to apply the factorial model in multivariate analysis. To compare biotypes, an ANOVA (p < 0.05) and Duncan’s multiple comparisons test was used to check differences between clusters. Associations among traits were determined with Chi-square test (95% confidence interval). In addition, quantitative and qualitative traits according to age and lactation were analyzed with descriptive statistics, ANOVA, Duncan’s test (α = 0.05), and Chi-square test. All statistical analyzes were carried out in SPSS v.15 program.





3. Results and Discussion


3.1. Byotipe Classification


In this study, three biotypes of Creole cows were differentiated: biotypes I, II, and III grouped 46, 20, and 29 cows, respectively (Figure 2). The validation of biotypes differences by analysis of variance of hypothesis test, was highly significant (p < 0.001), which showed that there were differences among biotypes (Table S5). South American creole bovine has evolved by natural selection and adapted to different conditions such as humid tropical forests, subtropical dry forests, and mountainous and Patagonian steppe. Nowadays, most South and Central American countries have Creole bovine with specific characteristics (milk, meat, or dual purpose) with broad genetic diversity and phenotypic variability. Unfortunately, in recent years, there has been a drastic reduction in their population [25,26]. Similarly, four biotypes of Creole bovine were identified in the Patagonian (Northeast of Argentina), differentiating northern animals from the southern ones [27].



Moreover, in another research Chilean Patagonian Creole bovines were grouped according to their meat or milk production characteristics [28]. In our case, we found Creole cows from the Amazonas region that have a slight inclination for meat and dual purpose (meat and milk). Same as ours, three Creole bovine biotypes from Argentina showed differences in head width, head length, thoracic perimeter, total length, anterior rump width, and rump length [29].



Highly significant differences were found between biotypes found for quantitative traits. Biotype I has greater teats length, fore udder length, central ligament, and heels. Biotype III is characterized by its superiority in body depth, back length, teats thickness, and pelvic tilt with respect to other biotypes (Table 1). Udder depth and body condition did not influence the clusters formation, so the values of these traits were not significantly different among groups.



We found four significant and highly significant associations of qualitative traits according to identified biotypes (Table 2). A greater number of biotype I cows have a simple coloration pattern, while in biotype III there is a greater presence of compound color. Creole bovines are characterized by peculiar morphometry and morphology, such as coat color diversity and large horns [30]. Although it is true in this study, the horns’ length was not measured, they were observed in 100% of the population, which agrees with the reports for Uruguayan bovine [30].



Front teat placement was significantly associated with biotypes (p < 0.01), biotype II is characterized by slightly protruding teats, biotype III by centered teats, and biotype I by slightly inwardly tucked teats. Rear teat orientation is also significantly associated with biotypes, biotype II presents inside teats and biotype I presents slightly tucked teats. Hock cleanliness was significantly associated with biotypes, where biotype II presents slightly undefined hock cleanliness and biotype III presents clear hock (Table 2).



The description of defects associated with biotypes is detailed in Table 3. Backline impressed, kidney impressed, rump arched, and rolled hoof are associated with biotype III bovines; and chest narrow is associated with biotype II bovines.



Based on Table 4 resulting from multivariate analysis, the variables can be reduced to six factors or components and explained total accumulative variance of 92.1%. The first component explained 49%, 18% for the second component, 9% for the third component, 6.5% for the fourth component, 5% for the fifth component, and 4% for the sixth component.



Correlation matrix of principal components is detailed in Table 5. The first component highly correlated with fore udder length and udder depth. For the second component, traits with the highest correlation are hip width and rump length. The third component correlates highly with raised to sacrum and rump arched, but body depth shows negative and high correlation. Fourth component correlates highly with hock angle and pelvic tilt, back length, and udder depth, and fifth component correlates highly with coat color and coloring pattern. Lastly, sixth component is highly correlated with back length and pasterns.



According to Table 5, biotype III can be explained up to 67% by traits of components 1 and 3, biotype II is explained up to 66% by traits of components 1, 2, and 6 and the biotype I can be explained up to 67% by traits of components 1, 4. and 5.




3.2. Age and Lactation of Creole Cow


According to https://www.fleckscore.com/ (accessed on 18 November 2020), the age of Creole cows was significantly associated (p < 0.01) with muscularity, fore udder attachment, and front teats placement (Table 6). As expected, more than 60% of six- and eight- teeth cows and more than 40% of full-mouth cows had straight muscularity. More than 65% of six-teeth cows and more than 50% of eight-teeth cows had a fore udder attachment of 30–40°. Furthermore, more than 40% of full-mouth cows had a fore udder attachment of 40–50°. Finally, 38.7% and 48.8% of eight-teeth and full-mouth cows had centered teats, respectively.



Table 4 shows associations of qualitative zoometric traits according to number of lactations. A more significant number of animals with slightly protruding, centered and inward teats were found in second lactation Creole cows (p < 0.01), and more than 60% of third-lactating cows had front teats placement slightly inward. Among the regions of western hemisphere, the characteristics of milking ease, stature, and body condition of the Creole cows differ significantly. Compared to animals initially imported, these differences are due to time, natural selection, and breeding preferences of local breeders [31]. Non-significant associations according to age and lactation are detailed in Table S6).



The Creole cows’ age is significantly associated with absence of defects such as chest narrow, loosely shoulders and front legs distorted (p < 0.05) (Table 7 and Table S7). More than 50% of six-teeth cows did not have chest narrow defect. In the same way, more than 70% and 85% of eight-teeth animals and full-mouth animals did not have chest narrow defect. Moreover, more than 60% of six-teeth animals and full-mouth and more than 85% of eight-teeth cows did not present loosely shoulder defect. Finally, 100% of eight-teeth and a full-mouth and more than 90% of Creole cows do not have front legs distorted defect (p < 0.05). On the other hand, all defects were seen in all animals in different percentages.



The presence of defects in Creole cows could be due to absence of selection programs, and also because these animals are displaced to harsh areas with predomination of woody plants, cacti, and native pastures with low levels of nutrients [32,33]. Such is the case of creole cattle within Copper Canyon in Chihuahua, Mexico, isolated by the unlimited road infrastructure. Isolation caused groups with similar characteristics within groups, but different among groups, originating an adaptation process. It was reported that Creole cows show ease of adaptation and survival to harsh conditions, and they can survive with high stress and low nutrients levels [34]. Moreover, all these environmental characteristics cause defects such as short stature or irregular conformation, among others [35]. Lactation number was not associated (p > 0.05) with any of structural defect traits (Table S7).



From fourteen quantitative traits evaluated, only rear udder length was significantly different among ages (p < 0.05), being higher in six-teeth cows than eight-teeth and full-mouth cows (Table 8 and Table S8). The height at cross (125 cm), body depth (70 cm), hip width (45.6), back length (89 cm), and rump length (45 cm) were similar among ages. Research about zoometric evaluation of Creole bovine from Áncash region reported 115 cm in height at withers [36], similar to Creole bovine from Puno region [37] with height 118 cm. Creole cows from Amazonas region has height at cross 125.2 cm, similar to six-teeth and full-mouth Creole cows (122 cm and 124 cm; respectively) from Puno region [37]. Hip width (45.6 cm) and back length (89.1 cm) of Creole cows are higher than hip width and height at withers of Creole bulls of Mixtec region of Mexico (32.8 cm and 66.1 cm, respectively) [7]. Rump length was similar to Chinampo Creole bovine from Mexico (45 cm) [8], and six-teeth and full-mouth (43 cm) in Creole bovine from the Puno region [37]. Quantitative traits are necessary for biotype classification, such as hip width and length, which facilitate easy calving and potential winning of muscle mass [38].



Differences between Creole cows of Amazonas region and Creole bovines from other origins could be due to agroclimatic and nutritional factors. Moreover, phenotypic differences between bovines of different latitudes and altitudes could be due to environmental conditions, breeding purpose, functionality, distances among groups, and adaptation to the agroclimatic factors [5,39].



Regarding the mammary system, Creole cows from Amazonas region have averages of 5.7, 2.7, 14.1, 18.4, and 2.2 cm for teat length, teat thickness, fore udder length, udder depth, and central ligament, respectively. Hoof height varied from 2.6 to 2.8 cm, rump angle was 5 cm, and body condition of 2.7 points (BC2). This poor body condition was due to limited technical management and food quality intake, leading to low daily weight gains [12]. A body condition score from 1 to 2.5 is associated with parasites accumulators; meanwhile, animals with body condition score higher than 3 points are considered resilient to diseases [40].



According to lactations number, differences between hip width and rump length were significant (p < 0.05). Cows with more than two lactations have 2 cm wider hip than first-lactating cows (Table 8). Similar phenomenon happens when evaluating rump length. Cows with more than two lactations have greater rump length than first-lactating cows (p < 0.05). Regarding the hip width, Mixtec bovine has average hip width of 32.82 cm [7], lower than Creole cows from Amazonas region; this is possible because of different phenotypes and genetic variations [41]. Differences could also be due to natural selection that bovines have undergone; natural selection of bovine with more environmental adaptation skills to wild areas and rough conditions is essential for survival [42,43].



After evaluating the effect of age and lactations number of Creole cows on qualitative and quantitative traits, we determined their association with the classified biotypes through cluster analysis. We found no significant association between age and biotype or lactations number with biotype (Table 9), which supports the hypothesis that our classification of Creole cow biotypes from the Amazon region does not necessarily correspond to these two factors.





4. Conclusions


Three biotypes of Creole cows from the southern Amazonas region were found. Biotype I grouped Creole cows with greater teat length, fore udder length, central ligament length, and heel length, while biotype III grouped Creole cows with superiority in body depth, back length, teats thickness and inclination tilt. However, biotype II animals are associated with a simple coloration pattern, slightly protruding teats, and slightly indefinite hock cleanliness. Multivariate factor analysis contributed to reducing the variables in six components, where biotype III can be explained by traits of components 1 and 3 (67%), biotype II by traits of components 1, 2, and 6 (66%) and biotype I by traits of components 1, 4 and 5 (67%).



Six-tooth Creole cows had greater rear udder length and first-lactation cows had lower hip width and rump length. In addition, age was associated with muscularity, fore udder attachment and front teat placement, and lactation was associated with front teat placement. However, age and lactation number groups were not associated with biotype groups conformed.



This research allowed us to differentiate the Creole cows of the southern Amazonas region. We observed cows with meat potential (with greater body depth and back length), dairy potential (animals without udder defects, suitable udder attachment, and well positioned teats), and dual purpose. The phenotypic variability observed in this study could be related to polymorphisms associated with production parameters; therefore, molecular analyses will be needed to reinforce this characterization. Moreover, this work contributes to generating information for future conservation programs and using this valuable genetic resource.
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Figure 1. Coat coloring patterns of Creole cows from the southern Amazonas region. 
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Figure 2. Dendrogram that uses the Ward method. Re-scaled distance cluster combination. 
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Table 1. Quantitative traits of Creole cow biotypes from Amazonas region, Peru 1.
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	Traits (cm)
	Biotype I
	Biotype II
	Biotype III
	p-Value





	Raised to sacrum
	128.1 ± 1.0 a
	124.8 ± 1.3 a
	117.9 ± 1.4 b
	0.000 **



	Body depth
	68.0 ± 0.8 b
	65.7 ± 0.9 b
	76.3 ± 1.5 a
	0.000 **



	Hip width
	47.1 ± 0.5 a
	45.6 ± 0.6 a
	42.2 ± 0.8 b
	0.000 **



	Back length
	84.5 ± 1.1 b
	81.9 ± 0.8 b
	100.0 ± 2.1 a
	0.000 **



	Rump length
	46.5 ± 0.5 a
	45.6 ± 0.4 a
	43.0 ± 0.6 b
	0.000 **



	Teats length
	6.0 ± 0.2 a
	5.0 ± 0.3 b
	5.4 ± 0.3 ab
	0.012 *



	Teats thickness
	2.7 ± 0.1 ab
	2.5 ± 0.1 b
	2.8 ± 0.1 a
	0.040 *



	Fore udder length
	14.9 ± 0.4 a
	12.8 ± 0.8 b
	12.8 ± 0.6 b
	0.005 **



	Udder depth
	18.2 ± 0.7 a
	19.2 ± 1.3 a
	20.2 ± 0.8 a
	0.226



	Central ligament
	2.4 ± 0.1 a
	1.6 ± 0.3 b
	2.1 ± 0.2 ab
	0.016 *



	Heels
	3.0 ± 0.1 a
	2.2 ± 0.2 b
	2.3 ± 0.2 b
	0.002 **



	Pelvic tilt
	4.0 ± 0.3 b
	4.6 ± 0.5 ab
	5.5 ± 0.4 a
	0.009 **



	Body condition
	2.7 ± 0.05 a
	2.6 ± 0.1 a
	2.8 ± 0.05 a
	0.216







1 Duncan’s multiple comparisons with an alpha level of 0.05 in SPSS v. 15. Different letters superscript in rows (a,b) indicate significant differences. * Significant at the level p < 0.05. ** Highly significant at the level p < 0.01.
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Table 2. Qualitative traits of Creole cow biotypes from Amazonas region, Peru (%) 1.
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Traits

	
Biotype I

	
Biotype II

	
Biotype III

	
p-Value






	
Coat coloring pattern

	
Simple

	
46.4

	
28.6

	
25.0

	
0.033 *




	
Compound

	
40.6

	
9.4

	
50.0




	
Mixed

	
57.1

	
25.7

	
17.1




	
Coat color

	
Black

	
47.1

	
23.5

	
29.4

	
0.586




	
Reddish bay

	
41.7

	
41.7

	
16.7




	
Light brown

	
0.0

	
0.0

	
100.0




	
Dark brown

	
56.3

	
6.3

	
37.5




	
White moor

	
60.0

	
0.0

	
40.0




	
Brindle

	
50.0

	
30.0

	
20.0




	
Black overo (Callejón)

	
100.0.

	
0.0

	
0.0




	
Smoky cardeno

	
100.0

	
0.0

	
0.0




	
Mulatto

	
25.0

	
25.0

	
50.0




	
Pinto

	
42.9

	
21.4

	
35.7




	
Nevado rosillo

	
0.0

	
0.0

	
100.0




	
Jalmada

	
25.0

	
25.0

	
50.0




	
Frijol

	
100.0

	
0.0

	
0.0




	
Casullo

	
50.0

	
50.0

	
0.0




	
Bay

	
50.0

	
50.0

	
0.0




	
Hoof color

	
Dark

	
47.9

	
26.0

	
26.0

	
0.055




	
Clear

	
50.0

	
4.5

	
45.5




	
Horn tip color

	
Blanck

	
50.0

	
19.7

	
30.3

	
0.919




	
Dark

	
38.5

	
23.1

	
38.5




	
Amber

	
50.0

	
25.0

	
25.0




	
Muscularity

	
Concave

	
66.7

	
22.2

	
11.1

	
0.542




	
Slightly concave

	
60.0

	
10.0

	
30.0




	
Straight

	
40.0

	
26.0

	
34.0




	
Slightly convex/normal

	
50.0

	
18.8

	
31.3




	
Fore udder attachment

	
10–20

	
54.5

	
27.3

	
18.2

	
0.162




	
20–30

	
20.0

	
60.0

	
20.0




	
30–40

	
41.5

	
26.8

	
31.7




	
40–50

	
55.6

	
3.7

	
40.7




	
50–60

	
66.7

	
11.1

	
22.2




	
60–70

	
50.0

	
50.0

	
0.0




	
Front teat placement

	
Very protruding

	
31.8

	
50.0

	
18.2

	
0.000 **




	
Centered

	
43.2

	
8.1

	
48.6




	
Slightly inward

	
53.3

	
6.7

	
40.0




	
Inward

	
76.5

	
23.5

	
0.0




	
Very inward

	
50.0

	
25.0

	
25.0




	
Rear udder length (cm)

	
13.00

	
47.1

	
20.7

	
32.2

	
0.509




	
14.00

	
62.5

	
25.0

	
12.5




	
Rear teat orientation

	
Slightly out

	
38.5

	
30.8

	
30.8

	
0.039 *




	
Perpendicular

	
46.3

	
16.7

	
37.0




	
Slightly tucked

	
66.7

	
14.3

	
19.0




	
Inside

	
0.0

	
100.0

	
0.0




	
More inward

	
50.0

	
25.0

	
25.0




	
Rear teat placement

	
More out

	
100.0

	
0.0

	
0.0

	
0.124




	
Outside

	
100.0

	
0.0

	
0.0




	
Slightly out

	
59.1

	
9.1

	
31.8




	
Centered

	
48.1

	
22.2

	
29.6




	
Slightly tucked

	
16.7

	
16.7

	
66.7




	
Into

	
28.6

	
57.1

	
14.3




	
More inward

	
0.0

	
50.0

	
50.0




	
Hock development

	
Full

	
50.0

	
0.0

	
50.0

	
0.012 *




	
Slightly undefined

	
43.2

	
36.4

	
20.5




	
clear

	
50.0

	
11.1

	
38.9




	
Very defined

	
100.0

	
0.0

	
0.0




	
Pasterns

	
Flexible

	
52.6

	
15.8

	
31.6

	
0.969




	
Slightly flexible

	
46.3

	
22.2

	
31.5




	
Tight

	
50.0

	
22.7

	
27.3








1 Asymptotic (two-sided) significance using Pearson’s chi-square in SPSS v. 15. * Significant at the level p < 0.05. ** Highly significant at the level p < 0.01.
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Table 3. Presence of defects in Creole cows biotypes from Amazonas region, Peru (%) 1.
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	Trait
	Biotype I
	Biotype II
	Biotype III
	p-Value





	Backline impressed
	27.6
	24.1
	48.3
	0.016 *



	Kidney impressed
	28.6
	21.4
	50.0
	0.017 *



	Chest narrow
	39.1
	52.2
	8.7
	0.000 **



	Rump narrow
	31.3
	18.8
	50.0
	0.164



	Rump arched
	34.8
	4.3
	60.9
	0.001 **



	Loosely shoulder
	57.7
	7.7
	34.6
	0.145



	Front legs distorted
	50.0
	50.0
	0.0
	0.487



	Hindfoot outwards
	53.1
	21.9
	25.0
	0.232



	Rolled hoof
	0.0
	0.0
	100.0
	0.009 **



	Splayed hoof
	33.0%
	16.7
	50.0
	0.561



	Presence or absence of edema
	0.0
	100.0
	0.0
	0.150



	Staged udder
	55.6
	8.3
	36.1
	0.059



	Teats distance close
	45.3
	25.0
	29.7
	0.389



	Teats crumbly
	0.0
	50.0
	50.0
	0.358



	Front teats spread out
	40.0
	40.0
	20.0
	0.557



	Front teats spread forward
	0.0
	0.0
	100.0
	0.317







1 Asymptotic (two-sided) significance using Pearson’s chi-square in SPSS v. 15. * Significant at the level p < 0.05. ** Highly significant at the level p < 0.01.
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Table 4. Total accumulated variance according to multivariate factor analysis.
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	Component *
	Total
	Variance (%)
	Accumulated (%)





	1
	171.8
	49.1
	49.1



	2
	64.3
	18.4
	67.5



	3
	31.4
	9.0
	76.5



	4
	22.6
	6.5
	82.9



	5
	17.6
	5.1
	88.0



	6
	14.1
	4.0
	92.1







* Extraction method: principal components.
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Table 5. Correlation matrix of initial traits according to selected components.
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Traits

	
Components *




	
1

	
2

	
3

	
4

	
5

	
6






	
Age

	
0.137

	

	
−0.151

	
0.192

	

	
0.260




	
Lactation

	

	
0.131

	
−0.180

	
−0.118

	

	




	
Coat coloring pattern

	

	

	
0.147

	

	
0.546

	




	
Coat color

	
0.109

	
−0.167

	
0.104

	
0.108

	
0.967

	




	
Hoof color

	
0.102

	
−0.167

	

	
0.120

	

	




	
Horn tip color

	

	
0.109

	

	

	

	
−0.175




	
Raised to sacrum (cm)

	
0.500

	
0.473

	
0.611

	
0.151

	

	
−0.344




	
Body depth (cm)

	
0.185

	

	
−0.736

	
0.648

	

	




	
Hip width (cm)

	

	
0.915

	
0.224

	

	

	
0.210




	
Back length (cm)

	
0.136

	
−0.272

	
−0.282

	
0.624

	
−0.119

	
0.651




	
Rump length (cm)

	
0.281

	
0.800

	
0.161

	

	

	
0.124




	
Muscularity

	

	

	
−0.234

	

	

	




	
Fore udder attachment

	

	

	

	

	

	
0.275




	
Front teat placement

	
−0.110

	
0.110

	
0.164

	

	
0.121

	




	
Teats length (cm)

	
0.301

	
0.158

	
0.145

	

	

	




	
Teats thickness (cm)

	
0.427

	

	

	
0.149

	

	
0.223




	
Fore udder length (cm)

	
0.680

	

	

	
−0.166

	

	
−0.117




	
Rear udder shed (cm)

	
0.422

	

	

	

	

	




	
Udder depth (cm)

	
−0.754

	
−0.118

	
0.360

	
0.478

	

	
−0.107




	
Central ligament (cm)

	
0.394

	
0.260

	

	

	

	
0.107




	
Rear teats orientation

	

	

	
0.222

	

	

	




	
Rear teats placement

	
−0.251

	

	

	

	

	




	
Hock angle (°)

	

	
0.103

	

	
−0.350

	

	




	
Hock cleaning

	

	
0.175

	

	

	

	
0.236




	
Pasterns

	
−0.142

	

	
0.171

	

	

	
−0.320




	
Heels (cm)

	
0.154

	
0.231

	

	
−0.188

	

	




	
Backline impressed

	
0.211

	

	

	
−0.161

	

	
−0.272




	
Kidney impressed

	
0.181

	

	

	
−0.155

	

	
−0.261




	
Chest narrow

	

	

	

	
0.327

	

	
0.217




	
Rump narrow

	

	
0.294

	

	
−0.115

	

	




	
Rump arched

	

	
0.232

	
0.491

	

	

	
−0.146




	
Loosely shoulder

	
−0.225

	

	
−0.116

	

	

	




	
Front legs distorted

	
0.271

	

	
0.105

	

	
−0.128

	




	
Hindfoot outwards

	

	

	
−0.142

	

	
0.165

	




	
Rolled hoof

	

	
0.140

	
0.362

	

	

	




	
Splayed hoof

	

	
0.180

	

	

	

	




	
Udder with edema

	

	

	

	

	
−0.127

	




	
Staged Udder

	
−0.372

	
0.156

	

	
−0.139

	

	




	
Narrow lateral distance between nipples

	
0.263

	

	
−0.205

	

	

	
−0.122




	
Teats crumbly

	
0.103

	

	

	
−0.170

	

	




	
Front teats spread out

	
0.163

	

	
−0.108

	
0.113

	

	




	
Front teats spread forward

	

	

	

	
−0.233

	
0.148

	
−0.164




	
Pelvic tilt (cm)

	

	
−0.167

	
−0.209

	
0.353

	
−0.202

	




	
Body condition

	

	

	

	
0.318

	

	








* Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization.
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Table 6. Significant qualitative traits of Creole cows (N = 95) according to age and lactation (%) 1.
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Age

	
Six-Teeth

	
Eight-Teeth

	
Full-Mouth

	

	
p-Value






	
Muscularity

	




	
Concave

	
4.8

	
12.9

	
4.7

	

	
0.032 **




	
Slightly concave

	
28.6

	
16.1

	
27.9

	




	
Straight

	
61.9

	
67.7

	
41.9

	




	
Slightly convex/normal

	
4.8

	
3.2

	
25.6

	




	
Fore udder attachment (°)

	




	
10 to 20

	
4.8

	
19.4

	
7.0

	

	
0.007 **




	
20 to 30

	
4.8

	
9.7

	
0.0

	




	
30 to 40

	
66.7

	
51.6

	
32.6

	




	
40 to 50

	
23.8

	
6.5

	
44.2

	




	
50 to 60

	
0.0

	
9.7

	
14.0

	




	
60 to 70

	
0.0

	
3.2

	
2.3

	




	
Front teat placement

	




	
Very protruding

	
42.9

	
25.8

	
11.6

	

	
0.006 **




	
Centered

	
23.8

	
38.7

	
48.8

	




	
Slightly inward

	
0.0

	
9.7

	
27.9

	




	
Inward

	
33.3

	
22.6

	
9.3

	




	
Very inward

	
0.0

	
3.2

	
2.3

	




	
Lactation

	
1st Lact

	
2nd Lact

	
3rd Lact

	
≥4th Lact

	
p-Value




	
Front teat placement




	
Very protruding

	
13.6

	
72.7

	
9.1

	
4.5

	
0.007 **




	
Centered

	
18.4

	
42.1

	
28.9

	
10.5




	
Slightly inward

	
13.3

	
20.0

	
66.7

	
0.0




	
Inward

	
16.7

	
77.8

	
5.6

	
0.0




	
Very inward

	
0.0

	
50.0

	
50.0

	
0.0








1 Asymptotic (two-sided) significance using Pearson’s chi-square in SPSS v. 15. ** Highly significant at the level p < 0.01.
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Table 7. Presence of significant defects in structural traits of Creole cows (N = 95) according to age (%) 1.
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	Defects
	Six-Teeth
	Eight-Teeth
	Full-Mouth
	p-Value





	Chest narrow
	42.9
	25.8
	14
	0.039 *



	Loosely shoulder
	38.1
	12.9
	39.5
	0.034 *



	Front legs distroted
	9.5
	0.0
	0.0
	0.027 *







1 Asymptotic (two-sided) significance using Pearson’s chi-square in SPSS v. 15. * Significant (p < 0.05).
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Table 8. Significant quantitative traits of Creole cows (N = 95) according to age and lactation 1.
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	Traits (cm)
	6 Teeth
	8 Teeth
	Full-Mouth
	Total
	p-Value





	N
	21
	31
	43
	95
	



	Rear udder length
	13.2 ± 0.4 a
	13.0 ± 0.2 b
	13.0 ± 0.2 b
	13.1 ± 0.3
	0.020 *



	Traits (cm)
	1st Lact
	2nd Lact
	≥3rd Lact
	Total
	p-Value



	N
	15
	50
	30
	95
	



	Hip width (cm)
	42.9 ± 4.4 b
	46.5 ± 4.6 a
	45.4 ± 3.8 a
	45.6 ± 4.4
	0.022 *



	Rump length (cm)
	43.8 ± 3.2 b
	46.1 ± 3.2 a
	45.0 ± 2.8 ab
	45.4 ± 3.2
	0.034 *







1 Duncan’s multiple comparisons with an alpha level of 0.05 in SPSS v. 15. Different letters superscript in rows (a,b) indicate significant differences. * Significant at the level p < 0.05.
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Table 9. Association of age and lactation with Creole cows biotypes (frequency values, %) 1.






Table 9. Association of age and lactation with Creole cows biotypes (frequency values, %) 1.





	
Variable

	
Category

	
Biotype I

	
Biotype II

	
Biotype III

	
p-Value






	
Age

	
Six-teeth

	
23.9

	
40.0

	
13.8

	
0.062




	
Eight-teeth

	
28.3

	
40.0

	
24.1




	
Full-mouth

	
47.8

	
20.0

	
62.1




	
Total

	
100.0

	
100.0

	
100.0




	
Lactation

	
1st Lact

	
8.7

	
15.0

	
31.0

	
0.164




	
2nd Lact

	
56.5

	
65.0

	
34.5




	
3rd Lact

	
26.1

	
15.0

	
34.5




	
≥4th Lact

	
8.7

	
5.0

	
0.0




	
Total

	
100.0

	
100.0

	
100.0








1 Asymptotic (two-sided) significance using Pearson’s chi-square in SPSS v. 15.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
=F
=
=E
=S
=1
=
==
=
1=
(==
=T
=7
=
1=
el o]
=
=
ER
=1
17
(==
=
i
=
=0
==
s
=
k=1
Y-
=
E=TF =
S
a7
=
=1
=
==
=
==
=1
=
=
b §
=
y_
=
==
=
==
==
3
LR
E=T §
o
=
==
==
=
==
=
=S
==
=53
o=
el =
==
=7
=
(=T
=1
1=
S
=0

1

==
1 =
=
1 =4
==

-

gti

-

I

dl

=2

=25

B1

B2

== W77

B3






nav.xhtml


  diversity-13-00510


  
    		
      diversity-13-00510
    


  




  





media/file0.png





media/file2.png





media/file3.jpg





media/file1.jpg





