Fetal dystocia: aetiology and incidence 
The two broad divisions of fetal dystocia are feto​maternal disproportion and faulty fetal disposi​tion .Traditionally, the former type of dystocia was referred to as fetal oversize, with relative oversize being considered to occur when the fetus was of normal size for the species/breed but the birth canal was inadequate, and absolute oversize when the fetus was excess​ively large, including some fetal monsters . The reason for the change is that sometimes it is difficult to differentiate between the two catagories of oversize, or the dystocia is due to a combination of both. 

FETOMATERNAL DISPROPORTION 
Fetomaternal disproportion is a common cause of dystocia which is highly species- and breed-related. Under the section entitled ‘Types of dystocia within species’, you will have seen that, whilst fetomaternal disproportion is a major cause of dystocia in cattle and to a lesser extent the dog and cat, nevertheless it can occur in all species if the circumstances are right. Simplistically, fetomaternal disproportion occurs if the fetus is larger than normal – it might simply be one of increased mass or conformation – or the pelvic canal is too small or the incorrect shape. 

Cattle 
Since fetomaternal disproportion is the com​monest cause of dystocia in cattle, particularly in heifers, it is not surprising that there is a very extensive literature on the subject extending over many years. Despite having dismissed the use of the traditional divisions of fetal oversize in favour of the all-embracing concept of fetomaternal dis​proportion, in discussing the aetiology of the dis​order we will firstly consider those factors that are associated with the development of a larger-than​normal fetus, and secondly those factors that influence the ability of the dam to give birth to a normal fetus. 

Calf birth weight 
In a fundamental consideration of fetal develop​ment it must be remembered that the fetus grows by both hyperplasia and hypertrophy of its con​stituent tissues. Prior and Laster (1979) have shown that in cattle, growth by hyperplasia is more important in early gestation, but decreases rapidly towards the end of pregnancy, whereas growth by hypertrophy continues to increase with advancing gestation. Retardation of growth at any stage of gestation would have a permanent effect on postnatal development, but because the rel​ative proportion of growth by hyperplasia gets smaller as fetal age increases, retardation of growth in late gestation has less effect on sub​sequent postnatal development. Actually, the growth by hyperplasia that does occur in late gestation is mainly in muscle. Prior and Laster (1979) and Eley et al. (1978) found that bovine fetal growth was fastest at 232 days of gestation, but the two research groups’ findings differed in the amount of the daily increase, 331 g and 200 g, respectively. By the end of gestation, the increase in fetal weight had declined to 200 g daily. The first group also ascertained that, when pregnant heifers were fed varying diets to produce low, medium and high maternal weight gains there was no resultant difference in fetal birth weights among the three categories. 

Calf birth weight is the single most important factor affecting the incidence of dystocia (Meijering, 1984; Morrison et al., 1985; Johnson et al., 1988). Each kilogram increase of birth 

weight increased the rate of dystocia by 2.3%.The larger the calf, the greater the chance of a difficult calving .A number of factors have been shown to affect calf birth weight; they are as follows. 

Breed of sire. In cross-breeding programmes, where beef sires are used on dairy heifers and cows, the selection of the most appropriate sire breed is important for ease of calving and low calf mortality rates. There are some interesting effects of cross​breeding which are shown in some classical studies reported nearly 50 years ago. In general it has been found that when the parents are of disparate size, e.g. Friesian bull and Jersey cow, the birth weight of the cross-bred Friesian–Jersey calf is near the mean of the body weight for the purebred Friesian and purebred Jersey calves.When the reciprocal crosses are made, however, it can be seen that the dam exerts an influence towards its own birth weight. Hilder and Fohrman (1949) demonstrated this influence on calf birth weight for Friesian–Jersey crosses, and Joubert and Hammond (1958) demonstrated it for South Devon–Dexter crosses . Some more recent examples are cited below. 

In the USA, Laster et al. (1973) surveyed dys​tocia rates and subsequent fertility following the mating of 1889 Hereford and Angus cows to bulls of the Angus, Charolais, Hereford, Jersey, Limousin, Simmental and South Devon breeds. Calves sired by the Simmental, South Devon, Charolais and Limousin bulls caused significantly more dystocia – 32.66, 32.34, 30.9 and 30.78%, respectively – than calves sired by Hereford, Angus and Jersey bulls, 15.78, 9.9 and 6.46%, respectively. In the study by McGuirk et al. (1999), the easiest-calving sire breeds in heifers were the Belgian Blue and Aberdeen Angus, and the most difficult were the Blonde d’Aquitaine, Simmental and Piedmontese whereas for cows the easiest were the Hereford and Aberdeen Angus and the most difficult were the Blonde d’Aquitaine, Simmental and Charolais .The results in heifers for the Belgian Blue sires was very surp​rising, since muscular hypertrophy or ‘double muscling’ is commonly seen in this breed; however, the number of sires from this breed were small, and perhaps the dams were selected for good size. For practical animal breeding one would never recommend the use of a sire of this breed on heifers. In this inherited anomaly, there is excessive development of muscles, particularly of the hindquarters but also of the loins and fore​quarters; the skin is thin and the limb bones tend to be shorter. It is of varying severity, and is favourably regarded by both farmers and butchers because of the greatly increased proportion of meat in the carcass. When marked, however, it is the cause of severe dystocia, particularly in heifers. Muscular hypertrophy has been described in the South Devon breed by MacKellar (1960), and it is well known in the Belgian Blue, Charolais, Piedmontese and White Flanders breeds. Mason (1963) has described it in the grandsons of a Friesian bull imported into Britain.Vandeplassche (1973) has stated that 50% of oversized calves in Belgium are due to double muscling, and that the condition is a frequent indication for the caesarean operation in Holland, Belgium and France.

Parity of dam. A very simple rule is: the bigger the dam, the bigger the calf. This is very apparent between breeds, but it also occurs within breeds with heifers giving birth to smaller calves than parous cows . This is well illus​trated in a study involving Holsteins over an 18​year period by Sieber et al. (1989), in which the mean ± standard deviation of calves born to first-parity animals was 37.9 ± 4.4 kg, compared with 39.7 ± 5.8 kg for second-parity animals.
Sex of calf. Many studies have shown, irres​pective of breed, that the birth weights of male 

calves are greater than female calves . The increased birth weight is associated with an increased incidence of dystocia and an associated increase in calf mortality . 

Seasonal and climatic factors. Several studies have shown the influence of season of year and environmental factors such as mean air tem​perature on birth weights and hence the incidence of dystocia. In a retrospective study over 3 consec​utive years involving cross-bred heifers, Colburn et al. (1997) found that the mean spring birth weights of calves born after a warmer than normal winter were 4.5 kg lower than those following a cold winter; the corresponding levels of calving difficulty were 35% and 58%, respectively. One hypothesis for this finding is that, during cold winters, there is increased uterine blood flow which results in an increased nutrient supply to the fetus. This may explain the results of McGuirk et al. (1998a), who found when evaluating data on the effect of beef sires on dairy cows that calf size and calf conformation declined in autumn and early winter, which showed some correlation with the average calving difficulty score and gestation length . A similar trend was also observed in dairy herds where Holstein–Friesian sires were used (McGuirk et al., 1999) . The reduction in gestation length and increased calving difficulty were slightly out of phase with, and pre​ceded, increase in calf size.
Nutrition of the dam During the last decade, there has been consider​able interest in all species, including man, con​cerning the influence of maternal nutrition during pregnancy on development and health after birth, as well as on birth weight; surprisingly, much of this is associated with the influence of under nutrition during the early stages of gestation when the placenta is developing. Since the placenta con​trols the transfer of nutrients from dam to fetus, anything that impairs its function will inevitably result in reduced fetal growth and development. There is evidence that in ruminants, for example, the conformation of the placentome changes in an attempt to compensate for the undernutriton and to provide the fetus with adequate nutrients for normal growth and development. It is difficult to evaluate the literature concern​ing the effects on fetal weight of variations in the maternal nutrition, because much of it is contra​dictory.The motivation for this research is mainly economic because birth weight is positively corre​lated with postnatal weight gain and with the sub​sequent achievement of commercially desirable slaughter weights of food animals. In the obstetri​cal context, the concern over birth weight is two​fold; firstly, large fetuses contribute to dystocia and, secondly, undersized offspring are more prone to neonatal death and disease. Therefore, while it is reasonable to explore how birth weight may be controlled so as to reduce dystocia, any severe reduction in fetal birth weight, achieved by  reduction in weight being due to a reduction in 0.04 fetal muscle mass. 
Length of gestation. Certain fetal calf devel​opmental abnormalities, such as hypophyseal and adrenal-cortex hypoplasia or aplasia, have been associated with prolonged gestation for reasons related to the initiation of parturition. However, even with normal calves there are substantial variations in gestation length. Many of these are breed-dependent , and the influence is also seen when cross-breeding occurs ; the increased ges​tation length is associated with higher birth weights and an increased chance of dystocia. Male calves, which are heavier than female calves are usually associated with a longer gesta​tion period of a few days. A mean difference of 1.4 manipulation of the maternal diet, may place the neonate in jeopardy. It is perhaps best sum​marised in the statement by Eckles (1919) that the weight of the calf at birth is not ordinarily influenced by the ration received by the dam during gestation, unless severe nutritional defi​ciencies exist. It is only during the last 90 days of gestation that severe restriction of maternal nutrition, resulting in failure of the dam to main-days was seen in the study by McGuirk et al. (1998b) involving beef sires and dairy dams. However, when the values were examined in rela​tion to breed of sire, in Aberdeen Angus and Hereford cross-breeds the sex difference was 0.64 and 1.04 days, respectively, whereas in Blonde d’Aquitaine, Limousin, Charolais and Simmental cross-breeds the differences exceeded 1.5 days. In this study, gestations were shorter in summer and longer in winter.. Minimum incidences of dif​ficult calvings occurred in gestations that were shorter than the overall average but then increased with longer gestations. In a similar study involving Holstein–Friesian sires and dairy dams, longer ges​tations were associated with larger calves (negative regression coefficient – P < 0.05) and the optimum gestation length for low calving difficulty was 3 days below the overall average. 

In vitro maturation and fertilisation.
 The use of in vitro maturated (IVM) and in vitro fertilised (IVF)-derived embryos has increased contemporaries, with a greater reduction in those born to heifers. 
Calf conformation
Many studies have identified the influence of calf birth weight on ease of calving (see above).substantially in recent years. These have been obtained following aspiration of oocytes from follicles in vivo or after slaughter. There are numerous reports that the birth weight of calves originating from this source is greater than those following normal artificial insemination (AI): for example, 51 kg vs. 36 kg (Behboodi et al., 1995), a 4.5 kg higher birth weight (Kruip and den Haas, 1997), a 10% increased birth weight (Van Wagtendonk de Leeuw et al., 1998). Some of the increase appears to be due to a longer gestation period: for example, +3 days (Van Wagtendonk de Leeuw et al., 1998), +2.3 days (Kruip et al., 1997). The result of this is an increase in the dys​tocia rate: for example, +25.2% (Kruip et al., 1997) and 62% (Behboodi et al., 1995) compared with 10% for AI-derived calves. Associated with the increased dystocia rate was a rise in calf mor​tality rate. Others have not identified such a problem (Penny et al., 1995). The reason for the large calves derived from IVM and IVF is prob​ably related to the constituents of the media used in the procedure. 

Body condition score of the dam. There is a direct relationship between body condition score and calf birth weight (Spitzer et al., 1995); this is discussed below in relation to maternal factors. 

Fetal numbers. Cattle are normally mono​tocous, with twinning occurring in about 1–2% of births, although in some instances up to 8% has been recorded. The birth weights of twin calves are on average 10–30% lower than the single-born However, the ability of a calf to be expelled unaided through the birth canal at parturition is dependent on its shape or conformation. This is seen in the most extreme situation of some fetal monsters , such as fetal duplication, schistosomes, ascitic and anasarcous calves, where the weight of the fetus is low but the conformation prevents normal expulsion. Attempts have been made to assess the con​formation of normal calves, and to correlate this with ease of calving. Such methods have involved asking the farmer to assess the conformation of the calf as good, average or poor, and then apply​ing a numerical score from 1 to 3 to each subjec​tive value (McGuirk et al., 1998a). Others have made a large number of fetal anatomical meas​urements, such as head circumference, foot cir​cumference, width of shoulders, width of hips, depth of chest, body length, cannon bone length and diameter (Nugent et al., 1991; Colburn et al., 1997). Using the simple approach, McGuirk et al. (1998a) found a statistically significant difference between calf conformation and incidence of dif​ficult calvings and calf mortality . In summary, well-muscled calves born from a beef sire and dairy cow or heifer resulted in more diffi​cult calvings and increased calf mortality. 

Using the more sophisticated measurements, the results have been disappointing and contra​dictory. Meijering (1984) and Morrison et al. (1985) found that there were no differences in the effect of calf body measurements, independent of birth weight, on ease of calving. Nugent et al. (1991), in investigating the relationship between calf shape and sire expected progeny difference (EPD) or ease of calving found that at constant birth weight calves from higher birth weight EPD bulls tended to have larger head and cannon bone circumferences. However, at constant birth weight, body measurements were not associated with calving ease. In conclusion, they stated that calf shape seemed to add no information for the 

prediction of dystocia, other than that provided by birth weight EPD. 

Maternal factors 
Parity of the dam. Withers (1953), in a British survey, reported that dystocia was almost three times as common in heifers as in cows. In 6309 pregnancies in cows, difficulty in calving occurred in 1.38%, and in 2814 in heifers diffi​culty occurred in 3.8%. In a study of 345 bovine dystocias in the USA, 95% of which were in beef cattle, Adams and Bishop (1963) found that 85% of all the dystocias were in heifers, and they were classified as follows: excessive calf size 66%, small maternal pelvis 15% and combination of the two 19%.The younger the heifer, the higher is the dys​tocia rate (Lindhé, 1966). As would be expected, the stillbirth rate was much higher in heifer (6.7%) than in cow parturitions (2.4%). In a survey involving 75 000 calvings following the use of 685 Holstein–Friesian dairy bulls as AI sires in the UK (McGuirk et al., 1999), the following data were obtained. Calves born to heifers compared to those born to cows had higher calving difficulty scores (1.35 vs. 1.16), a higher incidence of serious difficult calvings (4.80 vs. 1.64), shorter gestations (280.4 vs. 281.3) and higher mortality (9.5% vs. 7.2%). Similarly, when comparisons were made between heifers and cows (88 000 calvings) when beef sires were used, then the mean predicted incidences of seriously difficult calvings were 6.64% and 2.12%, respectively (McGuirk et al., 1998a). After the transition from first to second, the differences between subsequent pari​ties were very small (Sieber et al., 1989), with the percentage of unassisted calvings 48.3% in heifers, and 79.9%, 82.7%, 82.8% and 86% in second, third, fourth and fifth or more parities, respec​tively . Similar results were obtained by Legault and Touchberry . 

Condition score of the dam. It is generally accepted that heifers or cows in a very high con​dition score are more likely to suffer from dysto​cia than those that are moderate to poor, the reason being that those in very good condition will have a substantial amount of retroperitoneal pelvic fat, which will reduce the size of the birth canal. Studies in beef heifers have shown that body condition score had no influence on the dys​tocia rate (Spitzer et al., 1995). However, in this study, comparisons were made between heifers with scores of 4, 5 and 6; given that 1 = emaciated and 9 = obese, the heifers were all in mid-status, and thus it is not possible to extrapolate to the extremes. One noticeable feature about this study was that condition score at calving influenced birth weight, although this might have been a direct effect of nutritional intake; at condition scores 4, 5 and 6 the mean ± sem (standard error of mean) body weights of the heifers were 338 ± 4, 375 ± 3 and 424 ± 424 kg, and birthweights for the calves were 28.9 ± 0.5, 30.4 ± 0.4 and 32.4 ± 0.7 kg, respectively. 

Pelvic capacity of the dam. In dystocia due to fetomaternal disproportion, as well as fetal birth weight the other variable is maternal pelvic size, i.e. the area of the pelvic inlet (dorsovental × widest bisiliac dimensions), which was, according to Wiltbank (1961), a much better parameter for the prediction of dystocia than any fetal measure​ment. There are variations between the breeds in respect of the ratio of the calf weight at birth to maternal weight as follows: Friesian 1:12.1, Ayrshire 1:12.6 and Jersey 1:14.6. When a Friesian bull was used on Friesian, Ayrshire and Jersey cows the ratios of calf weight to maternal weight were Friesian 1:12.1, Ayrshire 1:11.3 and Jersey 1:11.1. Although the Friesian–Jersey calves were larger in proportion to their dams than pure​bred Friesian calves, the incidence of dystocia with the purebred Friesian calves was about three times the incidence for the Friesian–Jersey calves. These data indicate that the Jersey cow has a more favourable pelvic capacity than the Friesian. 

Since then, a number of reports have advocated the value of measuring the pelvic area as a method of predicting the ease of calving both in the short term and in relation to genetic selection (Derivaux et al., 1964; Rice and Wiltbank, 1972; Deutscher, 1985). Measurements are made trans-rectally using callipers, which can be difficult in some circumstances. For this reason, the validity of the measurements and hence the whole concept has been criticised (Van Donkersgoed et al., 1990). In a study involving Hereford heifers, selection of suitable animals for breeding was made following the measurement of pelvic dimensions transrectally, and the calculation of the pelvic area (Deutscher, 1985). .If pelvic area measurements are made before service, then those with a small pelvic canal can be rejected for breeding or inseminated with semen from an easy calving bull, whilst those with a larger pelvis can be bred to an average calving bull.

Pelvic area is moderately to highly heritable (about 50%), and thus can be used as a measure​ment in the genetic selection of breeding stock. There is also interest in the use of pelvimetry in bulls in an attempt to select sires who have a large pelvic area which might then be inherited by their female progeny. Results obtained so far have been equivocal (Kriese et al., 1994; Crow et al., 1994). In recent years in the USA, dairy replacement heifers have been fed growth promoters, which has increased their pelvic area dimensions. 

Prevention of dystocia due to fetomaternal disproportion 
Since we are aware of most of the reasons for feto​maternal disproportion as a cause of dystocia in cattle, good veterinary practice should attempt to prevent it occurring. The following guidelines have been proposed by Drew (1986–87) in relation to the breeding of Holstein–Friesian heifers in the UK. 

Management at service 
· Ensure body weight at the time of service is more than 260 kg. 

· ● Take care when selecting the service sire: 

• If artificial insemination bulls: Select a well-proven bull of high genetic merit. Select a bull which has been used successfully on heifers on several farms or, if this is not possible, one with a below average incidence of calving difficulties and gestation length when used on cows. 

• If natural service bulls: Avoid bulls of large breeds. Select a bull with a record of easy calvings or, if this is not possible, one with a sire with a good record. 

Management before calving Adjust feed levels to avoid calving in an overfat condition. Restrict energy intake in the last 3 weeks of pregnancy. Check iodine and selenium levels if calf mortality has been high in previous years. Ensure supplementary magnesium is provided.Ensure that an adequate exercise area is available.Observe the heifers at least four or five times daily during the last 3 weeks of pregnancy, especially if short-gestation-length bulls are used. 

● If possible, run as a heifer group or with dry cows. If fed with the milking cows ensure ‘parlour feed’ is restricted to the amount required to acquaint the heifer with her postcalving diet. 

Management at calving 
· Calve grazed heifers in their field or paddock if possible. Housed heifers should calve in familiar surroundings. Avoid moving them to a calving box unless essential for adequate assistance. 

· Ensure the field is well fenced to avoid the possibility of heifers rolling into positions from where it is difficult to assist. 

· Observe hourly (approximately) when calving starts. Too frequent observations (more frequently than half-hourly) can delay calving. 

· Be a good stockperson. Watch for signs of fear, abnormal pain or distress and be ready to assist if these are noted or if calving is prolonged. 

· Ensure that the stockpersons are trained to identify potential problems and know when to call professional help. If calving aids are used, instruction should be given as to the correct method of application. 

· ● Call professional advice if an unusually high percentage of the first heifers to calve require assistance – there may be a herd problem which will affect the whole group. In the case of cross-breeding or pure-breeding calves for beef production, the same principles apply. Thus: 

· With well-grown heifers, when breeding purebred replacements, select sires on their ease-of-calving records and normal (i.e. not unduly long) gestation lengths for the particular breed. 

· In cross-breeding for beef production from dairy herds: avoid sires of the larger breeds such as Simmental and Charolais for the heifer inseminations, and use instead a known ‘easy​calving’ Aberdeen Angus or Hereford bull. For second and later parities choose a bull of a larger breed on his ease-of-calving record and gestation length. 

· In beef production from beef breeds. For heifer pregnancies use either a sire of a smaller 

beef breed or a within-breed sire of good ease of-calving record and gestation length. For later parities use a bull either of the same or larger breed – both based on the calving ease and gestation length. 

While applying the above principles in the pro​duction of offspring for beef, whether purebred, or cross-bred, it should be noted that the weight of the calf at birth, assuming equal gestation lengths, bears a direct relationship to its weaning weight and to its subsequent slaughter weight, on which the profitability of the enterprise largely depends. On the other hand, unduly large calves at birth predispose to calf deaths and to maternal morbidity, mortality, reduced milk yield and infer​tility. Thus a breeder must consider how much increase in birth weight can be tolerated in return for increases in growth rate and weaning weight. 

If dystocia due to fetomaternal disproportion is anticipated, then gestation can be shortened by the premature induction of calving.
Sheep 
Dystocia due to fetomaternal disproportion is an important cause of dystocia in sheep. Despite this, there is far less published on the topic in compar​ison with cattle; this is probably a reflection of the relative values of both dam and newborn off​spring. As in cattle, fetomaternal disproportion occurs as a result of a large lamb or a small pelvis, and sometimes the simultaneous combination of both. 

Lamb birth weight 
Similar factors influence lamb birth weight as those described above for cattle. There is a substantial variation in the birth weights of the different breeds of sheep. The aver​age weights (singletons and twins) ranged from 2.9 kg for Welsh Mountain to 5.8 kg for the Border Leicester. The effect of cross-breeding is shown in the study by Hunter (1957). The results he obtained by reciprocal crossing between one of the heaviest breeds, the Border Leicester, with one of the lightest breeds, the Welsh Mountain. The influence of the uterine en​vironment on fetal development was shown by means of reciprocal transfers of fertilised eggs between sheep breeds of disparate size. Hunter (1957) and Dickenson et al. (1962) have been able to show the relative influence on birth weight of prenatal environment (phenotype) and the geno​type of the lamb. In Hunter’s work on Border Leicester and Welsh Mountain breeds, the mean birth weight of Border Leicester lambs born to Welsh Mountain ewes was 1.13 kg less than that of Border Leicester lambs born to Border Leicester ewes; also, the birth weight of Welsh Mountain lambs born to Border Leicester ewes was 0.56 kg more than that of Welsh Mountain lambs born to Welsh Mountain ewes.Thus the maternal influence can limit the size of a genetically larger lamb, as well as increase the size of a genetically smaller lamb. Also, the size limitation imposed on Border Leicester lambs by the Welsh Mountain maternal environment was greater than the size increase pro​duced in Welsh Mountain lambs by the Border Leicester maternal influence.The use of tups of the Welsh Mountain breed as sires for ewe lambs of breeds such as the Texel in their first breeding season can reduce the incidence of dystocia, and at the same time produce a lamb with hybrid vigour and good survival rates. In reciprocal crossing between the (large) Lincoln and (small) Welsh Mountain breeds, Dickenson et al. (1962) found that no lambing dif​ficulties occurred in Lincoln ewes, but in 13 Welsh ewes carrying Lincoln lambs, eight needed assist​ance at birth. In another experiment, fertilised eggs from pure Lincoln and from pure Welsh donors were transferred to Scottish Blackface ewes. Of 36 Lincoln lambs 16 required obstetric assistance, while only one of 28 Welsh lambs was associated with dystocia. The results of the egg transfer experiments showed that: 

· Lambs of the same breed (genotype) differed in birth weight according to whether their uterine environment (phenotype) was Lincoln or Welsh. 

· Lambs reared in the same uterine environment differed in birth weight according to whether their genotype was Lincoln or Welsh. 

· Both genotype of lamb and maternal environment had significant effects on the birth weight of the lambs. 

· The genotype influence was three or four times as great as the maternal influence on lamb birth weight. 

As in cattle, male lambs are heavier than female lambs, the difference being about 5%, and twins are about 16% lighter at birth than singletons (Starke et al., 1958).The effect of selective breed​ing, based on line breeding to a particular strain of Romney sheep which the owner considered produced lambs of low birth weight with less dif​ficulty at lambing, and the culling of ewes that repeatedly suffered from dystocia, substantially reduced the incidence of dystocia (McSporran et al., 1977). Until 1970, between 20% and 31% of ewes required assistance at lambing; this fell to 18% in 1971, 11% in 1972, 3.3% in 1973, and 4.0% in 1974. The influences of dietary restriction of the ewe during pregnancy on fetal growth and lamb birth weight are variable and the results from studies often contradictory. Whereas dietary restriction during the last trimester, when fetal growth is greatest, has been shown to reduce birth weights particularly if dietary intake falls below that required by the ewe for maintenance, dietary restriction during the first and second trimesters has resulted in conflicting results.These have been summarised by Black (1983) as having no effect on birth weight,increasing it, or decreasing it.The reason is that severe undernutrition during early and mid-gestation reduces the number of placen​tomes, but they increase in size and alter their shape. Thus if nutrient intake is increased in the last trimester, then the placenta is probably more efficient in nutrient transfer and the fetus grows more rapidly. Russel et al. (1981) also found a different response to different dietary intakes depending on the body weights of the ewe at the time of mating . Some interesting data from a study by Faichney (1981) , in which feed intake was varied during pregnancy and the effects on fetal and placental weights were studied. 

It is well recognised that ewes kept in tropical and subtropical environments produce small, weak lambs at birth. Continuous daily exposure for 8 hours of ewes to an ambient temperature of 42°C, followed by 16 hours at 32°C from the 50th day of gestation, can result in a 40% reduction in birth weight. The effect of the high ambient tem​perature is probably due to reduction in placental weight and function.Some infectious diseases such as Brucella ovis and Toxoplasma gondii can cause reduced birth weights. 
Pelvic capacity of the dam 
In New Zealand, McSporran and Wyburn (1979) and McSporran and Fielden (1979) were able to assess the pelvic area by means of radiographic pelvimetry, and found that variations in the inci​dence of dystocia between different groups of Romney ewes were related to the pelvic area. Attempts to correlate external bodily measure​ments with internal pelvic dimensions have been shown not to be particularly useful. Because the particular ovine dystocia studied by these authors was largely due to fetomaternal disproportion, they recommended selective breeding of ewes and rams for freedom from dystocia. 

In the cow, attempts have been made to corre​late external pelvic dimensions with the pelvic area (Hindson, 1978). In a study in sheep, external pelvic dimensions were measured in a large number of different breeds including several rare breeds; the latter have not been subjected to selec​tion pressures for growth traits and carcass quality (Robalo Silva and Noakes, 1984). Since fetal weight is between 6 and 8% of mater​nal body weight, then the relatively smaller pelves of those breeds that have been subject to genetic selection to produce large lambs at birth are more likely to have dystocia than the rare breeds, that have largely been left to the influences of natural selection.rates will result in smaller litters, and thus larger piglets. In varying the diets of pregnant sows, Pike and Boaz (1972) have shown that variable feeding from conception to 70 days’ gestation exerted no effect and only in the last 45 days did maternal nutrition influence birth weight.The latter finding corresponds with the observation that there is a 10-fold increase in porcine fetal weight during the last 45 days.
Dog and cat
In the bitch the overall level is about 5%, but it is recog​nised that in certain breeds which have both achon​droplasia and brachycephaly it may approach 100% (Eneroth et al., 1999). 

Puppy and kitten size is dependent on a number of factors, particularly breed and litter size; there appears to be no information on the influence of nutrition during pregnancy. In the larger breeds of dog, pups are 1–2% of the bitch’s weight, whereas in smaller breeds the figure is 4–8% with normal whelping occurring if the pups are 4–5% of the dam’s weight (Larsen, 1946). In the study by Eneroth et al. (1999), the Boston terrier pups’ mean weights were 2.5% and 3.1% for normal whelpings and dystocias, respectively, and the corresponding figures for Scottish terriers were 2.1% and 2.5%. 

In the achondroplastic breeds, and also in some terrier breeds such as the Aberdeen (Scottish) terrier, Sealyham and Pekinese (Freak, 1962 and 1975), the dorsovental or sacral-pubic dimension is small, thereby reducing the size of the pelvic inlet and causing obstructive dystocia due to fetomater​nal disproportion. In an interesting study involving the Boston and Scottish terriers, data were col​lected from breeders on litter size, pups’ weights, height of head, breadth of head and breadth of shoulders for groups that whelped normally and for those that had dystocia due to fetomaternal dispro​portion. All of the bitches in the study were radio​graphed in dorsovental and lateral projections (Eneroth et al., 1999). Fetomaternal disproportion in the Scottish terriers was due to dorsoventral flat​tening of the pelvis, whereas in the Boston terrier it was due to combination of the same pelvic deform​ity and also the circumference of the head; there was a strong positive correlation (r = 0.743) between body weight and head circumference in the Boston terrier. This study demonstrated the value of radiographic pelvimetry as a means of pre​dicting dystocia and in the selection of bitches for breeding, together with a critical evaluation of pup conformation in the selection of both sire and dam. 

FAULTY FETAL DISPOSITION 
In describing the disposition of the fetus at birth it is important to use the terminology first described by Benesch and outlined on page 211. Frequently the incorrect terminology is used, par​ticularly the word ‘presentation’, which has a precise obstetrical meaning in relation to the dis​position of the fetus. During pregnancy, the fetus assumes a disposition that occupies as little uterine space as possible; however, during partu​rition it must assume a disposition that enables it to be expelled through the birth canal. Since these dispositions are incompatible, changes must occur during the first stage of labour. 

Presentation 
About 99% of foals and 95% of calves are pre​sented anteriorly; when sheep are parturient with singletons they show a similar percentage of anter​ior presentations to cattle, but with twins there is a considerable proportion of posteriorly presented lambs. The polytocous sow and bitch deliver 30–40% of fetuses in posterior presentation. In posterior presentation, the hindlimbs may be extended or flexed beneath the fetal body. When the hindlimbs are extended in polytocous births, dystocia is only slightly more common than with anterior presentation; however, when the hind-limbs are flexed (breech presentation) in polyto​cous births the incidence of dystocia is increased. In the monotocous species, serious dystocia always occurs with posterior presentation if the hindlimbs are flexed; even when they are extended there is a greater likelihood of difficult birth than with anterior presentation. Because of the rela​tively long limbs of the fetuses of monotocous species, and the large space required for hindlimb extension, there is obviously a high probability that a fetus presented posteriorly in late gestation will fail to extend its hindlimbs before second-stage labour begins. In ovine twin births, breech presentation causes dystocia, although the twin lamb is smaller than the singleton. There is a consensus of opinion that both dys​tocia and stillbirth are much more likely to occur if the calf is presented posteriorly rather than anteriorly. Ben-David (1961) found that 47% of posterior presentations in Holsteins were accom​panied by dystocia. Also the likelihood of dystocia in equine posterior presentations is exceptionally high. It is therefore important to enquire into the factors that determine fetal polarity. Arthur and Abusineina (1963) made post-mortem studies on this problem in cattle, while Vandeplassche (1957) has carried out similar investigations in horses. With respect to cattle, during the first 2 months of gestation no definite polarity was evident, but during the third month there were equal numbers of anterior and posterior presentations. From then to the end of gestation, there were only three transverse presentations out of 363 pregnancies. Throughout the fourth, fifth and first half of the sixth months a majority of fetuses were in poster​ior presentation, but during the sixth month the situation began to change so that at the end of that month, anterior and posterior presentation fre​quencies were equal. By the middle of the seventh month, the majority of fetuses were in anterior presentation. Beyond the seventh month, only one of 17 fetuses was posteriorly disposed, a situation closely similar to that observed at term. To reca​pitulate: between 5 –21and 6–21months of gestation the polarity of the bovine fetus becomes reversed, and by the end of the seventh month the final birth presentation is adopted. Attempts, using post-mortem pregnant uteri, to alter the present​ation beyond the seventh month were unsuccess​ful because by that time the fetal body length greatly exceeds the width of the amnion, while successful efforts to change the presentation between 5 –21and 6–21months required definite manipulative force. Similar attempts carried out under paravertebral anaesthesia on the standing cow were successful with a 6 –21-month fetus, but unsuccessful with an 8-month calf. The natural forces which bring about these changes in polarity are not understood, but pre​sumably reflex fetal movements occur in response to changes in the intrauterine pressure due to myometrial contractions, to movements of adja​cent abdominal viscera or to contraction of the abdominal musculature. Fetal movements are often felt during rectal palpation of the uterus. The preponderance of posterior presentations in early gestation would be the expected result of suspending an inert body with the same centre of gravity as the fetal calf. With the development of the fetal nervous system, and a consequent appreciation of gravity, the fetal calf would begin to execute righting reflexes which would tend to bring up the head from the dependent part of the uterus. If these assumptions are true, then poster​ior presentation, rather than being regarded as an obstetric accident, could be caused either by a subnormally developed fetus or by a uterus defi​cient in tone. Obviously size of fetus and uterine space must influence the ease with which a fetus can change its polarity in utero; there is a much higher percentage of posterior presentations in bovine twin births, while an above average per​centage of posterior presentations occurs with excessively large fetuses. With foals, 98% assume an anterior longitud​inal presentation between 6 –21and 8–21months of gestation (Vandeplassche, 1957). A small propor​tion of the remaining 2% – possibly about 0.1% – are transverse presentations, in which the extrem​ities of the fetus occupy the uterine cornua while the uterine body is largely empty. This present​ation causes the most serious of all equine dysto​cias. It probably arises at about 70 days of gestation, when the uterus normally changes from a transverse to a longitudinal direction in front of the maternal pelvis as a result of the allanto​chorion passing from the pregnant horn into the uterine body. In the abnormal situation, either the allantochorion does not intrude into the uterine body or the major, rather than the normally minor, branch of the allantochorion passes into the non-pregnant horn and is followed by the amnion, containing a fetal extremity. Normally neither the amnion nor the fetus passes into the non-pregnant horn. Other, less serious, equine transverse presentations occur across the uterine body; it is not known when they occur, but they could occur during birth. 

Transverse presentations are very uncommon in cattle and sheep, but in the polytocous species a fetus is not uncommonly found to be disposed across the entrance to the maternal pelvis; such presentations undoubtedly arise during birth. The lack of a marked difference in frequency between anterior and posterior presentations in pigs and dogs may be due to the horizontal dis​position of the long uterine horns as compared with the sloping uteri of the monotocous species. 

Position 
As regards position of the fetus, the natural tend​ency is for it to lie with its dorsum against the greater curvature of the uterus so as to occupy as little space as possible; thus the equine fetus is up​side down and the bovine fetus is upright during late gestation.The latter maintains this relationship during birth, but in the mare the fetus changes from a ventral to a dorsal position during the course of labour. Therefore, as might be expected, ventral as well as lateral positions are much com​moner in equine than in bovine dystocias; they arise during birth. 

Posture 
As regards posture, the arrangement of the bovine fetus during the final 2 months of gestation is one of anterior presentation and dorsal position with flexion of all joints of the movable appendages. The appendages of the equine fetus are similarly flexed on the inverted fetus.This postural disposi​tion of ‘universal flexion’ achieves the maximum economy of space. The fascinating and unsolved problem is the nature of the parturient mech​anism whereby the occipitoatlantal and cervical joints become extended, while the forelimbs become straightened in front of the fetus. The extended forelimb posture necessary for normal birth in cattle is the more remarkable because it is a posture which is never repeated postnatally. In his studies of the first stage of labour in cattle Abusineina (1963) noticed that the flexed knees of the calf first occupied the dilating cervix; 30 minutes later the digits were felt in the cervix. It can be postulated that the limb extension occurs while the fetus is practising righting reflexes in its attempt to ‘stand up in utero’. No doubt such active fetal movements are provoked by the myometrial contractions of first-stage labour. In this connection, the observation by Jöchle et al. (1972) that progesterone given to parturient cows caused a high incidence of postural dystocia could be due to it maintaining the ‘progesterone block’ on the myometrium , thereby reducing the stimulation of the fetal calf to initiate its righting reflexes. It is also well known that there are increased frequencies of postural aberra​tions in premature births, where uterine inertia is more prevalent and with twins, where there is also an increased likelihood of uterine inertia but also reduced space, thereby interfering with the ability of the limbs to extend. 

Lateral deviation of the head is a postural abnormality which deserves special mention. It may be due to the same factors as those noted above, but lack of uterine space may be more important and it may arise during late gestation rather than during birth. A congenital deformity known as wryneck, in which the head and neck are fixed in flexion due to ankylosis of the cervical vertebrae, arises during the peculiar bicornual gestation of solipeds (Williams, 1940). In 27 diffi​cult equine dystocias treated by Vandeplassche (1957), the majority of which were associated with bicornual gestation, 10 of the foals were affected with a degree of wryneck. 

In the monotocous species, the dimensions of the maternal bony pelvis are just sufficient for the normal full-term fetus to negotiate the birth canal; any fetal disposition other than anterior present​ation, dorsal position, extended posture is likely to result in dystocia. In the polytocous species the fetomaternal relationship is not so exact, with the result that the disposition of the comparatively small fetal limbs is less important and many piglets, puppies and kittens are delivered normally with their limbs in postures which would have caused dystocia in the foal and calf. However, if a female of a polytocous species is parturient with an abnormally low number of fetuses there is likely to be some degree of fetomaternal disproportion and in these circumstances malposture of the limbs may cause dystocia. From the above account, the causes of faulty fetal disposition might appear to be due more to chance; however, there are some indications that there may be an inherited predisposition. For example,Woodward and Clark (1959) found that a particular Hereford sire, when used on an inbred line of cattle, produced a high incidence of posteri​or presentations, while Uwland (1976) reported ranges of between 2 and 9.7% of posterior pre​sentations in the progeny of different bulls; these observations suggest that a hereditary factor may affect the incidence of posterior presentation. More recently, in a study of 3873 calvings over a 20-year period at Colorado State University, of which 155 were dystocias with 72.8% in posterior present​ation and dorsal position, posterior presentation heritability estimates for Hereford and Angus breeds were 0.173 and 0.0, respectively. Also of interest in this study was that other non-heritable factors such as year, sex of calf, sire of calf within breed, and age of dam influenced the incidence of posterior presentations (Holland et al., 1993). 
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