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Celem  badań  było  określenie  możliwości  wykorzystania  dotychczasowych  

indeksów i wskaźników budowy w selekcji krów rasy simental pod kątem poprawy 

parametrów rozrodczych. Materiał do badań stanowiły krowy rasy simentalskiej z 

terenu województwa podkarpackiego, utrzymywane w 7 gospodarstwach. Wykonano 

podstawowe pomiary zoometryczne partii tułowia oraz wymienia, wyliczając indeks 

przebudowania zadu (IPZ), wysokości wpustu (IWW) i miednicy do klatki piersiowej 

(IMKP), oraz własne opracowane: wskaźnik wysokości wpustu (WWW) oraz indeks 

szerokości miednicy (ISM). Analiza wykazała, że wartość indeksów IWW oraz WWW 

była zdecydowanie wyższa u krów z gospodarstw wielkostadnych, natomiast  

indeksu ISM z gospodarstw małych. Wraz z rosnącą wartością WWW obserwuje się 

spadek szerokości zadu mierzonego w biodrach przy stałej wartości wymiaru 

szerokości w kulszach. Wskaźnik ten bezpośrednio związany jest z ilością zużytego 

nasienia w przeliczeniu na skuteczne pokrycie. Wartość indeksu ISM związana jest 

bezpośrednio z szerokością w biodrach badanych zwierząt oraz wysokością mierzoną 

w biodrach oraz w kulszach. Wzrost wartości indeksu do poziomu 15,1–20,0 

bezpośrednio związany jest z polepszeniem się wskaźników skuteczności pokrycia. Nie 

za- obserwowano związku pomiędzy badanym indeksem a przebiegiem porodu 

zwierząt. Wraz z kolejnym wycieleniem (I–IV) obserwujemy powolny wzrost wysokości 

zwierząt mierzony w biodrach oraz w kulszach. Nie stwierdzono zmian długości 

miednicy. Stwierdzono, że wiek zwierząt determinował przebieg porodu. Im krowy 

starsze, tym porody były łatwiejsze, przy nieznacznych wahaniach masy ciała 

rodzącego się cielęcia. Nie stwierdzono jednoznacznego związku z wyodrębnionymi 

pomiarami podstawowymi szerokości miednicy a ilością zużytego nasienia na 

skuteczne pokrycie. Odnotowano wzrost ilości zużytego nasienia na skuteczne 

pokrycie wraz ze wzrostem trudności w porodzie zwierząt. 
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The Simmental breed, like other breeds raised in our country, is subject not 

only to routine appraisal of conformation but also to assessment of rump traits 

which is indicative of calving ease and efficiency of the first inseminations. On 

many farms, such appraisal and also individual zoometric measurements let 

breeders choose such bulls for breeding which improve some selected rump 

traits. As demonstrated by studies of Brzozowski & Karczmarek in the 1980s 
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(1988), width of hips and also animal caliber could significantly affect 

parturition process. Later studies by Nogalski et al. (2000, 2001), Nogalski 

(2005) and Wójcik & Kruk (2008) confirmed that calving process and calf 

survivability were dependent on pelvis size and rump angle. As reported by 

Tyczka et al. (1996), there was an association between calving ease and rump 

width and angle (rp =0.397 and rp =0.218, respectively). Stillbirths and weak 

calves were born to cows with small pelvis size and young animals (McClintock 

et al., 2003). Nogalski (2003) indicated that pelvis area increased and rump 

angle decreased with rising height at withers. Thus, it is important to monitor 

changes in body size and pelvis area in the Simmentals. On the other hand, since 

many years, indices and parameters of animal conformation have been helpful in 

breeding selection. In particular, indices used since the 1990s, proposed by 

Tyczka et al. (1996) have to be mentioned. Studies on black- and red-white 

cattle indicated that these indices were very useful for evaluation of proper 

conformation of the rump and basic parameters of pelvis. As demonstrated by 

Nogalski et al. (2001), Nogalski (2005), Wójcik (2006), Wójcik & Choroszy 

(2007) and Wójcik & Kruk (2008), animals showing a low index of cardia 

height were characterized by more difficult parturitions. Analysis of the 

differences between height at pins and height at trochanter also indicated its 

association with calving process. However, it was found that the higher the 

difference the more difficult parturition. According to Wójcik (2006) there is a 

highly significant relationship between the length of pelvis and the course of 

calving (from r= –0.20 for oblique pelvic length to r= –0.22 for pelvic length). 

Thus, reduction of pelvic length increases risk of difficult calving. In Polish 

studies, animals characterized by easy calving had pelvic area higher than 1800–

1900 cm
2
 while the respective value in cows showing difficult calving was 

below 1762 cm
2
. Studies of Wójcik (2006) revealed that average width of hips of 

53–56 cm, trochanter of 49–51 cm and pins of 27–31 were optimal values for 

Polish Holstein-Friesian (phf) cows characterized by easy calvings. Reduction of 

pelvic width at three measured points from 0.61 cm to 1.49 cm increased the 

number of difficult parturitions. Easy calving was observed in cows having 

optimal pelvic length of 54.2 cm and oblique pelvic length of 60.4 cm. Studies 

of Bene et al. (2007) on the Simmental cattle demonstrated that pelvic length 

significantly depended on animal age and body weight (r=0.12 – 0.46). Studies 

of Choroszy & Brejta (2008) showed that the Simmentals were characterized by 

easy calving in spite of high birth weight of calves. Owning to proper rump 

conformation and wide pelvis, of the study group of 223 cows, 72% had easy 

calvings, 26% required slight assistance and only 1.7% were classified as 

difficult. The aim of the study was to investigate whether pelvic conformation 

indices and parameters can be used for selection of the Simmental cows for 

fertility parameters.  
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Material and methods 
 

The study was conducted on the Simmental cows (631 head) from the 

Podkarpackie voivodeship raised in 7 farms. Each farm participated in the milk 

productivity monitoring program (method A4) managed by the Polish Federation 

of Cattle Breeders and Dairy Farmers (PFHBiPM), and certified semen of bulls 

approved for reproduction was used for insemination. Basic zoometric 

measurements of trunk parts and udder were taken with the use of a zoometric 

stick, compass and measuring tape. The following measurements were taken: 

– height at sacrum, withers, hips, pins, 

– width of chest, hips, pins 

– pelvic length 

All zoometric measurements were taken by the same person at 15–180 days 

postpartum. Based on the obtained results of zoometric measurements, the 

following values were calculated: rump conformation indices (Litwińczuk et al., 

2005), cardia height index and pelvis to chest index (Tyczka et al. (1996), and 

cardia height indicator and pelvic width index (according to our method): 

 

Index of rump overbuilding 

IPZ = height at sacrum x 100/height at withers 

Index of cardia height 

IWW = height at hips – height at pins 

Pelvis to chest index  

IMKP =chest width x 100/width of hips 

Indicator of cardia height 

WWW = (height at hips – height at pins) x 100/height at hips 

Index of pelvis width 

ISM = (width of hips – width of pins) x 100/width of hips 

 

Records of the amount of semen per conception and calving ease scores 

according to a 3-point scale (1 – unassisted, 2 – assisted, 3 – difficult) were 

collected.  

Based on data from SYMLEK system managed by the Polish Federation of 

Cattle Breeders and Dairy Farmers, in each farm the number of calvings per 

every cow was analyzed in detail.  

The following groups were distinguished: cows after the first calving – 268 

head, cows after the second calving – 121 head, cows after the third calving – 90 

heads, cows after the forth calving – 68 head, cows after fifth and later calvings 

– 91 head. Statistical analysis of the obtained zoometric results was performed 

using the following model:  

 

Yijk  = µ + ai + bj + ck  + eijkl 
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where: 

Yijk – the studiet trait, 

µ – the mean, 

ai – the effect of factor (farm: 1–7), 

bj – the effect of factor (sire number), 

ck – the effect of factor (parity: I–VI), 

eijkl – random error. 

 

Due to different group sizes, statistical analysis was performed using the 

LSM procedure and SAS v. 93 statistical package.  

In addition, phenotypic Pearson’s correlations between the chosen zoometric 

measurements were calculated and their association with conformation indices 

was evaluated. 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

  

Fig. 1. Measurements of rump height Fig. 2. Measurements of pelvis 

 

Principles of making selected zoometric measurements 

 

Results 
 

The obtained rump conformation indices of the Simmental cows in every 

farm under study are presented in Tab. 1. The values of index of rump 

overbuilding (IPZ) ranged from 101.56 to 105.95, AVG 102.36. The highest IPZ 

values were noted in farm 2 (105.95) and the lowest in farm 7 (101.56). 

Significances of differences between the indices calculated for individual farms 

are listed in Tab. 1 and most of them are highly statistically significant. The 
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highest value of pelvis to chest index (IMKP) was observed in cows from farm 3 

with a relatively small herd of 64.97 head, while in large farms IMPK value 

ranged from 61.33–61.87 (farms 6 and 7). The average value for all farms was 

61.87. The difference between height at hips and height at pins defined as cardia 

height index (IWW) was decidedly higher in cows from farm 7 (8.06) while its 

lowest value was noted in farm 1 (4.72). Differences in this index between farms 

were highly statistically significant in a majority of cases (P≤0.01). Analysis of 

pelvic width index (ISM) demonstrated that the highest values were 

characteristic of cattle form small farms (1–5) while these values were lower in 

large herd farms. The highest values were noted in farm 1 (10.05) and the lowest 

in farm 7 (5.33). Cardia height index in the study cows averaged 5.31 ranging 

from 3.09 to 5.97. The highest values were noted in cows from farm 7. Large 

herd farms were characterized by high IWW value compared with small farms.  
 

 
Table 1. Means (x) and standard deviation (sd) for selected conformation indices of 

Simmental cows in different farms 
 

 

Farm n 

Index Indicator 

IPZ 

x /sd 

IMKP 

x /sd 

IWW 

x /sd 

ISM 

x /sd 

WWW 

x /sd 

1 47 
103,00 Aba 

2,11 

59,84 ABCa 

6,77 

4,72 ABCa 

6,73 

10,05 ABCD 

6,47 

3,09 ABC 

5,08 

2 57 
105,95 ACDEF 

4,07 

61,90 bcd 

3,93 

6,05 DEab 

2,38 

9,51 EFGH 

4,23 

4,40 DEF 

1,67 

3 16 
102,17 D 

2,09 

64,97 ADbe 

4,49 

4,85 FGH 

2,35 

7,52 AEa 

3,50 

3,73 ADa 

1,99 

4 21 
101,76 Ea 

1,59 

64,91 BEcf 

6,44 

5,52 IJc 

2,33 

7,71 IJKa 

3,33 

3,99 GHa 

1,73 

5 55 
102,59 C 

2,40 

64,12 CFdg 

4,82 

7,59 ADFI 

2,74 

6,78 BFIb 

3,92 

5,68 BEG 

2,12 

6 122 
102,55 FG 

2,71 

61,87 aefg 

6,18 

7,00 BGbc 

3,19 

5,90 CGJ 

3,10 

5,13 CFH 

2,37 

7 319 
101,56 BCG 

1,48 

61,33 DEF 

7,18 

8,06 BCEHJ 

2,31 

5,33 DHKb 

2,19 

5,97 CFH 

1,66 

Average 
637 102,36 61,87 7,21 6,42 5,31 

 2,53 6,54 3,24 3,65 2,44 

 

In columns between farms for AA – P≤0.01, aa – P≤0.05. 

IPZ – Index of rump overbuilding, IMKP – Index of pelvis to chest, IWW – Index of cardia 

height, ISM – Index of pelvis width, WWW – Indicator of cardia height. 
 

 

 

 

Analysis of basic zoometric measurements of pelvis and fertility parameters 

versus WWW value is presented in Tab. 2. According to our studies, as WWW 

value rose, rump width at hips declined while width of pins remained constant. 
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Cardia height indicator was also directly associated with the amount of semen 

per conception, namely, as WWW rose, the number of inseminations increased 

from 1.63 units to 1.94. The increase in WWW value had also a positive effect 

since it was linked with reduction of the number of assisted calvings for the 

benefit of unassisted calvings.  
 

 

 Table 2. Means (x) and standard deviation (sd) for selected conformation traits and 

reproductive parameters of Simmental cows depending on WWW value 

 

WWW n 

Height (cm) Width (cm) 
Length 

 of pelvis 

(cm) 

x /sd 

Number 

of insemi-

nations per 

conception 

x /sd 

Partu-

rition 

type  

(pts) 

x /sd 

Calf  

weight  

(kg) 

x /sd 

at hips 

x /sd 

at pins 

x /sd 

at hips 

x /sd 

et pins 

x /sd 

–9,0–0,0 19 133,84 137,73 A 54,32 Bbd 48,63 46,89 1,55 1,77 44,44 

  4,79 4,96 2,81 2,31 5,31 0,83 0,42 4,48 

0,1–3,0 58 135,25 132,15 A 52,98 A 49,53 a 43,26 1,44 1,49 40,78 Aab 

  4,59 4,50 2,92 2,87 4,76 0,76 0,59 4,41 

3,1–6,0 320 134,77 128,38 A 52,43 ab 49,20 42,60 1,54 1,43 41,60 A 

  5,40 5,05 3,39 3,28 4,32 0,89 0,58 3,85 

6,1–9,0 209 135,13 125,57 A 52,66 cd 49,92 b 43,88 1,76 1,42 40,96 a 

  4,58 4,34 3,30 3,13 4,81 0,96 0,58 4,37 

9,1–12,0 31 136,90 123,16 A 51,10 ABac 48,45 ab 43,74 1,96 1,30 41,77 b 

  5,64 5,37 3,57 3,71 4,31 1,23 0,46 3,49 

 

In columns between indicators for AA – P≤0.01, aa – P≤0.05. 

 

 

 

The ISM index was directly associated with width of hips of the study 

animals (Tab. 3). The studies showed that with ISM increase the height of 

animals at hips and pins rose, as well. In the former case from 132.14 cm to 

137.72 cm and from 124.43 cm to 131.78 cm. The increase in ISM index to the 

level 15.1–20.0 was directly related to improvement of insemination efficiency. 

At ISM close to zero the amount of semen per conception was at the level of 

1.86 units while at ISM above 15 only 1.17 units were used. No association was 

observed between ISM and calving ease in the study animals, which stayed 

between 1.43 and 2.00. Birth weight of calves gradually increased with the rise 

of ISM, reaching from 40.95 kg to 42.78 kg at the highest index value.  
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Table 3. Means (x) and standard deviation (sd) for selected conformation traits and 

reproductive parameters of Simmental cows depending on ISM value 

 

ISM 

 

 

n 

Height (cm) Width (cm) 

Length  

of pelvis 

 (cm) 

x /sd 

Number  

of 

insemi- 

nations 

per 

concept-

tion 

x /sd 

Partu- 

rition  

type 

(pts) 

x /sd 

Calf 

weight 

(kg) 

x /sd 

at hips 

x /sd 

at pins 

x /sd 

at hips 

x /sd 

at pins 

x /sd 

-5,0-0,0 7 132,14ab 

4,67 

124,43 

3,69 

49,57EF 

2,94 

50,71Cc 

2,87 

45,43D 

6,70 

1,86 

1,21 

2,00abc 

0,58 

42,00 

3,92 

0,1-5,0 281 134,01 

4,88 

126,27ab 

4,86 

51,56ABC 

3,35 

49,65Aa 

3,33 

42,77A 

4,53 

1,70A 

1,00 

1,43a 

0,63 

40,95a 

4,36 

5,1-10,0 273 135,75 

5,17 

128,64a 

5,71 

53,29ADa 

3,15 

49,75ADa 

3,09 

43,68B 

4,53 

1,63a 

0,91 

1,40b 

0,51 

41,51 

3,83 

10,1-15,0 54 136,00a 

4,62 

130,70b 

5,10 

53,35BDE 

2,72 

47,52BDE 

2,25 

42,15C 

4,34 

1,39 

0,78 

1,50c 

0,50 

42,06 

3,74 

15,1-20,0 18 137,72b 

5,02 

131,78 

5,86 

54,72CFa 

2,35 

46,78CFa 

1,83 

46,17ABCD 

5,10 

1,17Aa 

0,35 

1,61 

0,49 

42,78a 

4,53 

 

In columns between index for AA – P≤0.01,  aa – P≤0.05. 

 

 
 

Analysis of individual indices in relation to parity indicated that the highest 

IPZ value was observed in III parity cows (102.54), and the lowest in IV parity 

ones (101.98). However, the differences between the groups were not 

statistically significant (Tab. 4). The highest values of IMKP index were noted 

in first parity cows (62.23) and the lowest in IV parity cows (60.26), which was 

confirmed by statistical analysis. Slightly higher IWW values are characteristic 

of cows until and including the fourth parity. Subsequent calvings resulted in a 

drop in this index. Nonetheless, the highest IWW value was seen in third parity 

cows (7.84) and the lowest in fifth parity (6.44). The differences between the 

groups were largely confirmed by statistical analysis at P≤0.05. ISM index rose 

with parities from 5.96 after the first calving to 7.36 after the fifth one. In the 

case of WWW index, usually no marked changes were noted with successive 

calvings but IWW did change. Its highest value was observed after the third 

calving (5.78) and the lowest after the fifth one (4.78).  

The height at hips and pins slowly rose with calvings (I–IV) (Tab. 5), 

reaching 136.46 cm and 129.37 cm in fourth parity cows. Further use of animals 

and later calvings resulted in reduction of these heights significantly below the 

values observed after the first calving. Rump widths at hips and pins were not 

age-dependent. Both after the first and fifth calving, cows had the same width of 

hips or pins of ca. 52 cm and 49 cm, respectively. In the study period, no parity-

related changes were noted in pelvis length. Likewise, there was no significant 

influence of animal age on insemination efficiency index. Both, cows in the 
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second and fifth lactation needed on average 1.7 units of semen per conception. 

However, age of animals determined calving ease. The older cows were the 

easier parturitions they had (from 1.58 to 1.28), with slight fluctuations of birth 

weight. A significant increase in birth weight (43.97 kg) resulted in increased 

calving difficulty (1.67) which was observed after the fourth lactation. 
 

 

Table 4. Means ( x ) and standard deviation (sd) for selected conformation indices of 

Simmental cows depending on number of calving 

 

Number  

of calving 
n 

Index Indicator 

IPZ 

x /sd 

IMKP 

x /sd 

IWW 

x /sd 

ISM 

x /sd 

WWW 

x /sd 

I 271 
102,44 

2,47 

62,23a 

5,03 

7,26a 

2,62 

5,96A 

2,94 

5,36a 

1,96 

II 123 
102,43 

2,31 

61,76bc 

10,14 

7,07 

4,09 

6,45B 

4,37 

5,23 

3,09 

III 91 
102,54 

3,49 

61,94d 

5,39 

7,84 

3,00 

6,72C 

3,86 

5,78 

2,25 

IV 68 
102,29 

2,27 

61,00d 

5,51 

7,05 

4,05 

6,76D 

3,35 

5,15 

2,95 

V 50 
102,06 

2,31 

60,69c 

5,73 

6,44a 

3,56 

7,36ABCD 

4,39 

4,78a 

2,58 

VI 34 
101,98 

2,16 

60,26ab 

6,57 

6,70 

3,05 

7,13 

4,46 

5,01 

2,21 

 
In columns between number of calving for AA – P≤0,01,  aa – P≤0,05. 

IPZ – Index of rump overbuilding, IMKP – Index of pelvis to chest, IWW – Index of cardia height, 

ISM – Index of pelvis width, WWW – Indicator of cardia height. 

 

 

 

Contrary to association of the analyzed indices and indicator with many 

traits, in the present studies on insemination efficiency no unequivocal 

association was found between basic pelvis width measurements and the amount 

of semen per conception (Tab. 6). The height at hips ranged from 133 cm to 135 

cm and height at pins from 125 cm to 128 cm. In the present studies, also pelvis 

length did not significantly affect insemination effects. On the other hand, the 

amount of semen per conception increased with calving difficulty. The higher 

the score the more semen had to be used in the next breeding period.  
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Table 5. Means ( x ) and standard deviation (sd) for selected conformation traits and 

reproductive parameters of Simmental cows depending on number of calving 

 

Number  

of  

calving 

Height (cm) Width (cm) 
Length 

of pelvis  

(cm) 

x /sd 

Number  

of  

insemi- 

nations 

 per  

conception 

x /sd 

Partu-

rition 

 type 

(pts) 

x /sd 

Calf  

weight 

(kg) 

 

x /sd 

at hips 

x /sd 

at pins 

x /sd 

at hips 

x /sd 

at pins 

x /sd 

I 

n=271 

134,87a 

5,02 

127,63A 

5,40 

52,07Aabc 

3,35 

49,17 

3,27 

42,64 

4,27 

1,49 

0,74 

1,58 

0,65 

40,15 

3,81 

II 

n=123 

134,94 

4,62 

127,87 

5,66 

52,66a 

3,22 

49,51 

3,10 

43,55 

4,72 

1,76 

1,01 

1,32 

0,50 

41,86 

3,93 

III 

n=91 

135,46bc 

4,82 

127,62 

5,09 

52,79b 

3,09 

49,51 

3,02 

43,97 

4,86 

1,78 

1,02 

1,30 

0,46 

42,59 

4,14 

IV 

n=68 

136,43ABa 

5,24 

129,37Aab 

5,55 

53,34c 

3,42 

49,99 

3,24 

44,26 

4,79 

1,76 

1,04 

1,28 

0,45 

41,66 

3,95 

V 

n=50 

134,06Ab 

5,77 

127,62a 

5,71 

52,78 

3,22 

49,22 

3,31 

43,56 

5,23 

1,72 

1,07 

1,28 

0,45 

42,78 

3,76 

VI 

n=34 

133,74Bc 

5,95 

127,03b 

6,39 

53,41A 

3,90 

49,88 

3,49 

42,82 

4,67 

1,45 

1,15 

1,67 

0,48 

43,97 

4,78 

 
In columns between number of calving for AA – P≤0.01,  aa – P≤0.05. 

 

 

 

 

Table 6. Means ( x ) and standard deviation (sd) for selected conformation traits and 

reproductive parameters of Simmental cows depending on number of inseminations 

 per conception 

 

 

Number of  

inseminations  

per 

 conception 

 

n 

Height (cm) Width (cm) Length  

of  

pelvis 

 (cm) 

x /sd 

Partu- 

rition  

type 

(pts) 

x /sd 

Calf  

weight 

(kg) 

x /sd 
at hips 

x /sd 

at pins 

x /sd 

at hips 

x /sd 

at pins 

x /sd 

1 375 134,77 

5,11 

127,93a 

5,64 

52,51 

3,32 

49,24 

3,15 

43,07 

4,76 

1,48a 

0,57 

41,42 

4,32 

2 162 135,87a 

4,76 

128,03b 

5,04 

52,80 

3,41 

49,86 

3,38 

43,78 

4,38 

1,33A 

0,47 

41,08 

3,79 

3 65 134,95b 

5,53 

128,11A 

6,31 

52,42 

3,14 

49,33 

3,13 

43,05 

4,50 

1,45 

0,53 

41,45 

3,88 

4 28 133,61ab 

5,12 

125,11Aab 

4,08 

52,18 

3,53 

49,43 

3,20 

43,43 

4,60 

1,54Aa 

1,00 

43,14 

3,29 
 

In columns for AA – P≤0.01,  aa – P≤0.05. 
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Table 7. Phenotypic correlations between some of the measured conformation 

traits and conformation indicators and indices 

 

Indicator/Index 
Height  

Chest  

circumference at sacrum at withers at hips at pins 

IPZ 0,25 xx -0,38 xx 0,09 x 0,18 xx -0,07x 

IWW 0,03 0,13 xx 0,19,xx -0,42 xx 0,01 

IMKP 0,03 0,10xx 0,05 0,01 -0,09xx 

WWW -0,03 0,06 0,11xx -0,49xx -0,02 

ISM 0,21xx 0,06x 0,14xx 0,27xx 0,01 

 

xx – P≤0,01, x – P≤0,05. 

IPZ – Index of rump overbuilding, IMKP – Index of pelvis to chest, IWW – Index of cardia 

height, ISM – Index of pelvis width, WWW – Indicator of cardia height. 

 

 

The zoometric measurements in the Simmental cows presented in Tab. 7 

showed highly statistically significant relationships with the indices and 

indicators. The strongest highly significant negative association was observed 

between WWW indicator and height at pins (r= –0.49) while the positive one 

between IPZ and height at sacrum (r=0.25). The remaining phenotypic 

correlations are presented in Tab. 7. 

 
 

Table 8. Phenotypic correlations between some of the measured conformation 

traits and conformation indicators and indices 

 

Indicator/Index 
Width  

Length of pelvis  
at hips at pins 

IPZ 0,00 -0,11 xx -0,02 

IMKP -0,52 xx -0,45 xx -0,20 xx 

IWW -0,06 0,06 0,03 

WWW -0,09xx 0,03 0,01 

ISM 0,22xx -0,29xx 0,05 

 
xx – P≤0,01, x – P≤0,05. 

IPZ – Index of rump overbuilding, IMKP – Index of pelvis to chest, IWW – Index of cardia 

height, ISM – Index of pelvis width, WWW – Indicator of cardia height. 

 

 

The strongest relationship (r = 0.52) was noted between width of hips and 

IMKP index (Tab. 8). The IMPK index was also linked with width of pins (r= –

0.45) and pelvis length (r= –0.20). 
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The studies demonstrated that pelvis width was strongly correlated also with 

ISM index (r=0.22 in hips and r= –0.29 in pins). The remaining relationships 

were not confirmed by statistical analysis and were very low, as presented in 

Tab. 8. 

Highly significant associations were found between indexes and indicators of 

the Simmental cow conformation, calculated in this study (Tab. 9). The highest 

and significant relationships were revealed between IWW and WWW indicator 

(r=0.99). Notable is also an association of ISM index with WWW (r= –0.24) and 

with IPZ (r=0.22) and IMKP (r= –0.13). 
 

 
Table 9. Phenotypic correlations between some of the conformation indicators and 

indices 
 

 

 WWW IPZ IMKP IWW 

ISM –0,24xx 0,22xx –0,13xx –0,22xx 

 WWW –0,16xx 0,07x 0,99xx 

 IPZ –0,15 xx –0,16 xx 

 IMKP 0,08x 

xx – P≤0,01, x – P≤0,05. 

IPZ – Index of rump overbuilding, IMKP – Index of pelvis to chest, IWW – Index of cardia height, 

ISM – Index of pelvis width, WWW – Indicator of cardia height. 

 

 

 

Discussion 
 

The values of some cow conformation indices (Tab. 1) calculated for each 

farm separately were similar to those published by Wójcik (2002) for phf cows. 

In particular, average rump overbuilding index (IPZ) obtained in Simmental 

cows (102.3) remained at the same level as in phf cattle (102.5) in the first 

lactation period whereas IWW values were slightly higher. The obtained IPZ 

values did not diverge from data presented in the literature review by Grodzki 

(2002) for cb and hf dairy cattle breeds (101–103). It was found that IPZ was 

statistically significantly dependent not only on the farm and its size but also on 

sire’s country of origin. On the other hand, the effect of cow age was not 

significant (Tab. 4). The IPZ index was directly associated with calving ease and 

rump position in dairy cattle (Nogalski, 2005; Wójcik & Choroszy, 2007). 

Studies of Wójcik (2006) demonstrated that both IPZ and IMPK were highly 

significantly correlated with rump position and width (to r=0.18). Lack of 

differences in IPZ index between parities has not been confirmed by previous 

studies of the above-mentioned author on phf cows. On the other hand, 

statistically significant associations of IPZ and IWW indices with calving ease 

were confirmed by Wójcik & Czaja (2000), Wójcik (2006), Nogalski et al. 
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(2001) and Nogalski (2005). However, these indices were much lower in the 

Simmental than in phf cattle. As reported by Przysucha & Grodzki (2007), 

calving ease in the Simmental cows was dependent on body conformation, body 

weight and sex of calves, while in dams, besides the above-mentioned pelvis 

dimensions (Benyshek & Little, 1982), also on hormonal status responsible for 

parturition progress. It is also important to note that the relationship between 

rump height and width parameters and calving quality could range from r= –0.32 

to r= –0.35, according to Nogalski et al. (2001). As demonstrated by Choroszy et 

al. (2006), calving ease did not depend on housing system because 76–77% 

cows had easy calving when housed in both tied up and freestall system.  

Marked differences were noted in IMKP and IWW between farms (Tab. 1). 

While average IMKP amounted to 61.87, the variability range was from 59.84 to 

64.91. For IWW the mean was 7.21 and variability ranged from 4.72 to 8.06. 

The differences between the farms were confirmed in a majority of cases by 

statistical analysis. It is also significant that IWW and IMKP values were age-

dependent (Tab. 4). The studies indicated reduction of IMKP value from 62.23 

to 60.26 with parity, which was confirmed by statistical analysis. IWW also 

statistically significantly decreased with parity from 7.05 to 6.70. The parity-

dependent reduction was noted also for the indicator WWW which slightly 

decreased from the third calving. The studies indicated that IWW and IMKP 

were directly associated with pelvis conformation and calving ease because they 

are decisive for rump angle (Wójcik & Choroszy, 2007). These authors 

demonstrated significant changes in rump position before and after calving in 

dairy cows. The use of this index as a tool in breeding selection of the 

Simmental cows is justified not only in the case of pelvis conformation (like 

other indices) but also for milk efficiency of cows.  

Studies on black- and red-white cattle indicated that these indices were 

helpful in evaluation of correct rump conformation. As demonstrated by studies 

of Nogalski et al. (2001), Nogalski (2005), Wójcik (2006), Wójcik & Choroszy 

(2007) oraz Wójcik & Kruk (2008), animals with low cardia height index 

(IWW) were characterized by decidedly more difficult calvings. Analysis of the 

difference between height at pins and height at trochanter also showed 

relationship with calving ease. The higher the index value was the more difficult 

calving was observed. 

In the present studies, a new calculation method of IWW index was 

proposed, which was presented in Material and methods. The proposed indicator 

WWW allows for precise evaluation of cardia height. Data presented in Tab. 2 

show the use of this indicator for segregation of the study material. The 

Simmental cattle with low WWW were characterized by low position of hips 

(133.84 cm) and the highest at pins (137,73 cm) with the longest pelvis (46,89 

cm). As a result, the rump position was defined as raised. As a consequence of 

such conformation, the amount of semen per conception was low (1.55 units) but 

the calving ease score was the highest (1.77) indicating the need for human 

assistance. According to Wójcik (2006), there are highly significant relationships 
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between pelvis length and calving ease amounting to from r= –0.20 for oblique 

pelvis length to r= –0.22 for pelvis length. High value of this indicator in a cow 

characterized the rump defined as sloping, i.e. hips (136.9 cm) were placed 

higher than pins (123.16 cm). Consequently, in spite of small pelvis width at 

hips (51.10 cm) and medium pelvis length, clavings were easy. However, for 

this conformation, the amount of semen per conception was the highest (1.96 

units).  

The introduction of a new index describing pelvis width in cows 

demonstrated that it can be helpful in breeding selection of cattle for calving 

ease and reduced semen use for insemination (Tab. 3). The studies showed that 

the ISM increase was accompanied by the rise in height at hips (to 137.72 cm) 

and at pins (131.78 cm), and in width of hips (to 54.72 cm). Studies of Wójcik 

(2006) revealed that the average width of hips of 53–56 cm, trochanter of 49–51 

cm and pins of 27–31 cm was optimal for cows having easy calvings. Reduction 

of pelvis width at three measurement points from 0.61 cm to 1.49 cm increased 

the number of difficult calvings. However, ISM increase was also accompanied 

by a decrease in pelvis width at pins (46.78 cm). Low values of this index were 

directly associated with a higher amount of semen per conception (1.86 units) 

and a drop of the number of unassisted calvings (2.00 pt). A highly significant 

variability of pelvis length in relation to this index was observed. Pelvis length 

ranged from 42.77 cm to 46.17 cm. As demonstrated by Wójcik (2006) easy 

calvings were seen in cows having optimal pelvis length of 54.2 cm and 

oblique pelvis length of 60.4 cm, which was confirmed by later studies 

(Wójcik & Choroszy, 2007) as a very highly significant relationships. In the 

present studies, pelvis length was much smaller. Studies of Bene et al. (2007) 

on the Simmental cattle showed that pelvis length was significantly dependent 

on animal age and body weight (r=0.12–0.46). Investigations of Choroszy and 

Brejta (2008) revealed the Simmental cattle were characterized by easy calvings 

in spite of high birth weight of calves. Correct rump conformation and wide 

pelvis caused that of the study group of 223 cows, 72% had easy calving and 

25% slightly assisted calving while only 1.7% calvings were classified as 

difficult.  

Based on the present studies, it was found that cow age at consecutive 

calvings (parity) significantly and highly significantly influenced height at hips 

and at pins, however, these values were very close (Tab. 5). Results of studies by 

Litwińczuk et al. (2006) and Stanek (2006) confirmed that age could affect basic 

conformation traits. There was also a statistically significant age-dependence of 

pelvis width (at hips) though with no inter-group differences. Monitoring of 

changes in pelvis width (at hips and pins) is essential for the course of 

consecutive calvings as demonstrated by Brzozowski & Kaczmarek (1988), 

Jankowska et al. (2005) and Wójcik & Kruk (2008). Nogalski (2003) and 

Jankowska et al. (2005) indicated that pelvis area increased and rump angle 

decreased with the rise in height at withers. Hence, it is important to monitor 

changes in body size and pelvis area in the Simmental cattle. The fourth parity 
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cows attained the highest pelvis height, width and length which was reflected in 

calving ease score of 1.28. Thus, animals with such average values of pelvis 

conformation were characterized by the highest number of easy calvings. It is 

worth noting that the amount of semen per conception increased till the third 

lactation (1.78 units) and then decreased with the animal age to 1.45 units. 

Analysis of the amount of semen per conception versus pelvis conformation 

described by three measurements (height, width and length) demonstrated the 

lack of unequivocal association between the latter two (Tab. 6). Nonetheless, the 

highest amount of semen per conception was needed in the group, where cows 

showing the greatest difference between height at hips and pins (ca. 8.50 cm) 

which indicates rump conformation defined as sloping. At the same time, these 

cows were characterized by the narrowest rump, which, however, was not 

confirmed by statistical analysis. Studies by Kruk et al. (2010) clearly indicated 

a relationship between measurements expressed as conformation indices and 

fertility indicators. Each increase in IPZ by one point resulted in improvement of 

fertility indicators (amount of semen per conception). It is important that calving 

ease score was highly significantly and significantly predictive of the amount of 

semen per next conception. When calving was scored 1.54 (requiring human 

assistance), the amount of semen per conception amounted to 4 units. Difficult 

calvings could result from the highest birth weight of calves in those groups 

(43.14 kg), as confirmed by studies of Przysucha & Grodzki (2007). However, 

statistical significance of differences between the groups was not confirmed.  

The studies showed highly significant relationships between the 

conformation traits of Simmental cattle and the calculated indices and indicators 

both in terms of height and width measurements (Tab. 7 and 8). It was 

particularly conspicuous for IPZ and ISM association with height at sacrum 

(r=0.21–0.25). These indices were also significantly related to height at pins 

(r=0.18–0.27). Interrelations between them were at the level r=0.22 (Tab. 9). The 

strongest albeit negative relationships were observed between height at pins and 

IWW index and WWW indicator (from r= –0.42 to r= –0.49). Most of the 

remaining relationships between the indices and height measurements were 

highly statistically significant but these values were very low. Earlier studies of 

Wójcik & Czaja (2003) and Kruk et al. (2010) also demonstrated significant 

relationships between pelvis conformation traits and body size (r= 0.12–0.65) 

and between IPZ and IWW at r=0.02. Owning to highly significant and marked 

values of coefficient of correlation between animal width traits including rump 

width traits and IMKP index, it is possible to use this index in breeding selection 

of cows. IMKP value for width of hips and pins ranged from r= –0.52 to r= –

0.20. Noteworthy is a highly significant relationship between ISM index and 

width of hips and pins (r= –0.29 to r= –0.22). There was a statistically 

significant negative relationships between these indices at r= –0.13. Since the 

relationship between IWW index and WWW indicator was very high (r=0.99) 

and statistically significant, they can be used interchangeably in breeding 

selection, depending on availability of data on cow conformation. 
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In conclusion, it was found that the indicator of cardia height (WWW) was 

directly associated with the amount of semen per conception. The increase in 

this indicator caused a rise in the number of insemination procedures and a 

decrease in the number of assisted calvings. The increase in ISM index was 

directly associated with improvement of insemination efficiency indices. In the 

study period, no changes in pelvis length with parity were seen; parity also did 

not significantly affect insemination efficiency index. The older the cows the 

easier calvings were observed, with slight fluctuations of calf birth weight. No 

unequivocal relationship was seen between basic pelvic width measurements and 

the amount of semen per conception. However, the amount of semen per 

conception increased with increased calving difficulty. The higher the calving 

ease score the more semen was needed per conception in the next breeding 

period. The relationships between zoometric measurements in the Simmental 

cows and the indexes and indicators were highly statistically significant. The 

most significant negative relationship was noted between WWW indicator and 

height at pins (r= –0.49), while the highest positive correlation was observed 

between IPZ and height at sacrum (r=0.25). It demonstrates that the studied 

indices and indicator can be helpful in breeding selection of cows for improved 

fertility and calving ease. 
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Fertility parameters of simmental cattle based body conformation 

indices and parameters 

 

SUMMARY 

 

The aim of the study was to determine the possibility of using the existing body 

conformation indices and indicators in selection of Simmental cows for improved 

reproductive parameters. Subjects were Simmental cows from the Podkarpackie 

province, which were kept in 7 farms. Basic zoometric measurements of trunk and udder 

were made by calculating the indices of rump overbuilding (IPZ), cardia height (IWW) 

and pelvis to chest (IMKP), as well as the author’s own indicator of cardia height 

(WWW) and pelvic width index (ISM). The analysis showed that IWW and WWW were 

markedly higher in cows from large-herd farms, and ISM in cows from small farms. The 

increase in WWW value is accompanied by a decrease in rump width measured at hips, 

with a constant value of the height at pins. This indicator is directly related to the semen 

dose per effective insemination. In the studied animals, ISM value is directly associated 

with the width at hips as well as with the height at hips and at pins. The increase in the 

value of the index to 15.1–20.0 is directly related to improved conception rate. No 

relationship was observed between the studied index and the parturition process. With 

each successive calving (I–IV), the height of the animals measured at hips and at pins 

was observed to increase slowly, with no changes observed in pelvic length. The age of 

animals was found to determine the parturition process. The older the cows, the easier 

the parturitions, with slight changes in the body weight of the calf being born. No 

conclusive relationship was found between the basic measurements of pelvic width and 

the semen dose per effective insemination. The semen dose per effective insemination 

increased as calving difficulty increased. 
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