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Short communication
Effective population size and inbreeding rate of indigenous Nguni cattle under
in situ conservation in the low-input communal production system
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________________________________________________________________________________
Abstract
Nineteen rural Nguni cattle enterprises managed at communal and small-scale level were used in a
study to determine population genetic parameters, level of Nguni genetic contribution, and risk status of
community-based animal genetic resources. Chi-square tests were performed to ascertain the association
between enterprise ownership and level of Nguni genetic contribution. Analysis of (co)variance was used to
determine significant factors affecting breeding ratio, effective population size (Ne) and inbreeding rate per
generation (∆F). About 75% of the animals in the pooled communities were pure Nguni, and the breed was
classified as not at risk of extinction, while the individual enterprises were classified as being endangeredmaintained without the exchange of germ plasm among them. There were no significant differences between
communal enterprises (0.270 ± 0.0699) and small-scale (0.213 ± 0.0748) in the ratio of breeding males to
breeding females. Pooled Ne was 348.14, whereas Ne was 19.5 ± 4.60 for communal enterprises and14.1 ±
5.03 for small-scale. It was concluded that enterprise ownership had no effect on small population genetic
parameters in community-based in situ conservation programmes. It is recommended that policies be
adopted to integrate enterprises, and increase herd sizes and Ne to preserve within-breed genetic diversity.
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Animal production contributes significantly to the survival of people through the supply of meat
protein and other animal products (Shackleton et al., 2005). Over two-thirds of the 14.1 million cattle in
South Africa are found in communal areas (National Department of Agriculture, 2008). The estimated
number of cattle in the Eastern Cape was over 3.2 million. The province is known for livestock production
and is “home” to the original stock of indigenous Nguni cattle (ECDC, 2011). Nguni cattle have been
randomly mated in communal and small-scale enterprises in small herds on land redistribution and
development farms in the Eastern Cape (Mapiye et al., 2010). Most cattle in the rural areas are non-descript
crossbreds with small populations of local breeds, such as Afrikaner, and locally developed Bonsmara and
Drakensberger (Palmer & Ainslie, 2006). Throughout the developing world, countries have placed their
indigenous livestock populations at risk by introducing exotic breeds for crossbreeding programmes (Scholtz
et al., 2008). This has led to non-descript genotypes, of unknown genetic characterization, being
predominant in low-input production systems.
Literature is scarce on community-based and village breeding schemes in developing countries and on
risk status classification of indigenous breeds (Wollny, 2003). Bayer et al. (2004) suggested that the situation
has been made worse by the lack of records and use of uncontrolled mating systems in these areas, with
inbreeding leading to several negative effects. It was postulated that these practices threaten the existence of
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the local Nguni breed (Ramsay et al., 2000). In response to this situation, the University of Fort Hare (UFH),
in partnership with the Eastern Cape Department of Rural Development and Agrarian Reform (ECDRDAR)
and Industrial Development Cooperation (IDC), intervened to establish a conservation programme for Nguni
cattle. The aim was to empower communal and small-scale enterprises in the rural areas of the Eastern Cape
with livestock production skills, and enact a community-based in situ conservation programme (Raats et al.,
2004). This programme established 72 unrelated nucleus herds managed at communal and small-scale
enterprises with 10 in-calf heifers and two bulls per enterprise. Following this intervention, international
standards of risk status classification of the breeds (Meuwissen & Woolliams, 1994) have the potential to be
applied at enterprise and population level. An intended consequence of this intervention was to reduce the
risk of the Nguni breed becoming extinct. This study was carried out with the objective of ascertaining the
risk status class of the breed, herd structure and small population genetic parameters.
A cross-sectional survey was conducted in 19 communities that benefited from the UFH-IDCECDRDAR partnership programme. Ten of the communities were communal enterprises managed by an
elected project committee composed of local village people. Nine communities were small-scale enterprises
managed by a farmer group composed of 4 - 7 individuals or a family trust. The nucleus herd in each
enterprise mixed at random with other livestock from the community for 36 - 60 months. Data and
information from 2387 animals were collected, which included animal sex, animal class, bull and heifer ages,
cow parity, sire breed and dam breed. Relationships among animals were ascertained from the animal
records and farmers’ memory.
Computations were on the level of Nguni genetic contribution in an animal from its pedigree.
Effective population size (Ne) and increase in inbreeding per generation (∆F) were calculated using the
formulas by Wright (1931; 1977):
[

], and ∆F = 1/(2*Ne),

are the number of breeding males and females, respectively. Risk status classification of the
where
breed was done according to internationally accepted guidelines (Meuwissen & Woolliams, 1994;
FAO/UNEP, 1998). Descriptive statistics, chi-square tests of association, analysis of covariance and partial
correlation coefficients were computed using GenStat 7.2 (2008). The following model was used to
determine significant factors affecting observed variables:
Yij = β0 + Ti + β1X1 + β2X2 + eij
where:

Yij = dependent variable (breeding ratio, Ne, ∆F, level of Nguni genetic contribution);
β0 = intercept;
Ti = fixed effect of ownership pattern (i = communal, small-scale);
β1 and β2 = regression coefficients associated with covariates for enterprise duration (X1) and herd
size (X2);
e = random error.

Herd size was similar between communal enterprises (105.6 ± 10.03) and small-scale (97.4 ± 6.52) (P
>0.05). These enterprises operated in the same low-input cattle production system characterized by random
mating of animals, rangeland-based feeding systems with minimum dry-season supplementation, and
minimum veterinary intervention and disease control. The distribution of cattle across the animal classes,
that is, calves (males and females), bullocks, heifers, cows, bulls and oxen, is shown in Table1. Enterprise
duration was significantly correlated with the number of oxen (r = 0.69) and negatively correlated with the
number of bullocks (r = -0.41). The oxen are considered cash-banks of the enterprise (Musemwa et al., 2010)
and this is therefore viewed as justification to increase with size of the herd. The bullocks are castrated
before one year old and this is evidenced by a negative correlation coefficient with enterprise duration and a
positive correlation on the number of oxen. The number of heifers was inversely related to age, with
significantly low numbers of four-year-olds and above, as most heifers would have had a calf before
attaining four years of age. In most rural areas in sub-Saharan Africa, heifers become cows by the third year
(Abeygunawardena & Dematawewa, 2004) and the maximum age at first calving of Nguni cattle, according
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to breed standards, is 39 months (Nguni Cattle Breeders Society, 2011). Partial correlation coefficients of
cow numbers in different parities with herd size were above 80%. The positive correlation of enterprise
duration and the number of heifers and cows tally with programme objectives of increasing the herd sizes
through upgrading the community cattle (Raats et al, 2004; Fuller, 2006). The herd size variation was
positively correlated with the number of one-year-old bulls (r = 0.77). These year-olds are reserved
replacement stocks that are not castrated, but inspected after two years and the registered sires undergo
progeny testing (Fuller, 2006; Nguni Cattle Breeders Society, 2011). This resulted in significant (P <0.05)
positive correlations of enterprise duration with numbers of two- and three-year-old bulls (r = 0.60 and
r = 0.58, respectively).

Table 1 Animal class distribution of Nguni cattle and correlation with herd size in rural low-input enterprises
of the Eastern Cape
Communal
enterprise

Animal class

3.4 ± 1.0a
3.1 ± 1.3 a
4.7 ± 1.1 a
25.1 ± 2.5 a
33.4 ± 2.7 a
5.8 ± 1.6 a
21.5 ± 2.5 a

Female calves
Male calves
Bullocks (bulls <2 years)
Heifers
Cows
Bulls
Oxen (young and old steers)

Small-scale
enterprise
4.2 ± 1.0 a
4.7 ± 1.4 a
1.7 ± 1.2 a
31.7 ± 2.6 a
35.3 ± 2.3 a
5.0 ± 1.7 a
14.5 ± 2.7 a

Herd size
correlation
0.49
0.60
0.75
0.91
0.96
-0.11
0.84

Values with the same superscript letter in each row are not significantly different (P >0.05).

In line with the goal of the programme to upgrade community stock (Raats et al., 2004; Fuller, 2006),
the majority (74%) of the rural cattle in both enterprises had undiluted Nguni blood. The enterprise
ownership pattern significantly affected the level of Nguni genetic contribution, with a high number of 50%
crosses in communal enterprises (P <0.05). Herd size and duration of the enterprise also had significant
effects on the level of Nguni genetic contribution (Table 2). Cattle with 50% and 100% Nguni blood are
aligned with the programme goals and many non-descript animals were upgraded from use of Nguni bulls
and non-Nguni females. The positive increase in 25% Nguni blood animals with herd size is retroprogressive, as evidenced by the presence of non-Nguni and non-descript cattle constituting 10% of the
community cattle. A negative correlation between herd size and cattle with 75% Nguni blood is owing to a
lesser number of crossbred animals being available to upgrade. The farmers substituted sire breeds with the
Nguni as its popularity in terminal beef crossbreeding lines in South Africa is increasing (Scholtz &
Theunissen, 2010).

Table 2 Distribution of animals and correlation with herd size and enterprise duration of different levels on
Nguni genetic contribution in rural areas of Eastern Cape, South Africa
Level of Nguni genetic
contribution

Overall
proportion

0%
25%
50%
75%
100%

10%
0%
14%
2%
74%

Correlation with
enterprise herd size

Correlation with
enterprise duration

0.01
0.70
0.66
-0.02
0.98

-0.22
-0.48
0.14
0.35
0.42
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The small population genetic parameters were similar across enterprise ownership patterns (Table 3).
The average breeding male : female ratio of 0.24 was high compared with the recommended 0.05 under
commercial beef herds (Mapiye et al., 2009). The high number of bulls in the communal areas offers a
chance to effect selection and to minimize the inbreeding rate as low bull fertility was reported by Mapiye
et al. (2007). Average Ne of 17 observed across enterprises was below the recommended 50 in most species
under risk of extinction owing to inbreeding (Wollny, 2003). Similarly, Nomura et al. (2001) reported an
inbreeding Ne value of 17.2 over a 48-month period in the indigenous Japanese Black beef breed using
pedigree records. A low Ne value can be attributed to the unequal breeding sex ratio in favour of females and
overlapping generation from random mating with no defined breeding season (Felsenstein, 1971). The
enterprise duration had a significant effect on the increase in inbreeding per generation with a negative
correlation coefficient of r = -0.58. Although small population genetic parameters have been generalized
under community-based management of animal genetic resources in Africa (Rege & Gibson, 2003; Wollny,
2003), they determine the strength of genetic drift, and are important in evaluating conservation status and
threats to the genetic health of populations (Hare et al., 2011).

Table 3 Small population genetics parameters (µ ± s.e.) of pooled data, communal and small-scale
enterprises in the rural areas of Eastern Cape, South Africa
Small population genetics parameter
Breeding male to breeding female ratio
Inbreeding effective population size (Ne)
Increase in inbreeding per generation (∆F)

Communal
enterprise

Small-scale
enterprise

0.27 ± 0.07 a
19.50 ± 4.60 a
0.05 ± 0.01 a

0.21 ± 0.08 a
14.10 ± 5.03 a
0.07 ± 0.01a

Pooled data (overall)
0.10
348.14
0.00

Values with the same superscript letter in each row are not significantly different (P >0.05).

The pooled data indicated that Nguni breed is not at risk of extinction. With regard to individual
enterprises, the breed is classified as endangered-maintained in both communal and small-scale enterprises.
This is because there are fewer than 1000 breeding females and more than 20 related breeding males, as well
as active conservation strategies in place. Institutionalization and continued implementation of Nguni
conservation and improvement strategies using production knowledge of these genetic resources are
encouraged in this low-input agriculture production system. Though it can be argued that indigenous breeds
are largely unpopular owing to lack of commercialisation of their invaluable traits (Mapiye et al., 2010),
Nguni cattle are greatly in demand in the large-scale commercial sector whereby farmers exploit their
mothering ability, and tick and disease resistance (Muchenje et al., 2008; Marufu et al., 2009).
Though ∆F was approximately zero for pooled data, in the individual enterprises it was only
marginally less than the maximum recommended level for conservation in most intensive high-input
production systems. For individual enterprises, the Nguni breed under low-input production is classified as
endangered-maintained in both communal and small-scale enterprises. However, when the conservation
programme is viewed as a whole, the Nguni breed is not at risk of extinction. Further, exchanges of germ
plasm, particularly breeding bulls, between enterprises has the potential to at least partially negate effects of
accumulated inbreeding in each enterprise. Indiscriminate crossbreeding, potentially resulting from other
livestock development initiatives, may pose a greater risk to the Nguni breed than inbreeding.
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