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Summary
Objectives: To determine the number of 
parities sows should be retained in a breed-
to-wean system to maximize returns over 
total cost per weaned pig and net return on 
investment, and to assess the sensitivity of re-
turns over total cost per weaned pig to feed 
price and number born alive (NBA).

Materials and methods: Data used to es-
timate NBA and pre-weaning mortality by 
parity were collected between 2001 and 2014 
at 17 Midwest US farms representing a total 
of 105,719 sows, accounting for 502,491 total 
records. Projected budgets were compared for 
various parity distribution scenarios using a 

“steady-state” farm model that included both 
variable and fixed costs associated with the 
farm and the proportion of sows by parity in 
the distribution.

Results: The cost of producing a weaned pig 
was minimized by culling after parities  
5 through 9, and culling after late parities 
(ie, parity 7 through 9) showed greater re-
turns over culling after parities 1 through 4. 
Culling after parities 5 to 9 showed approxi-
mately a 15% net return on investment. 
When NBA increased, culling after pari-
ties 5 through 9 had the highest returns. 
Culling after parities 6 through 9 showed 
the greatest returns with low feed prices. 

With high feed prices, all parity distribu-
tions costs exceed returns, though culling 
after parities 5 and 6 came closest to break-
ing even.

Implications: Retaining sows in the herd 
longer has economic benefits that could 
increase the financial returns of a breed-to-
wean system.

Keywords: swine, economic analysis, opti-
mal parity distribution, sensitivity analysis, 
sow longevity
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Resumen - Análisis económico de la re-
tención de hembras en un sistema de cría a 
destete en los EUA

Objetivos: Determinar el número de partos 
que las hembras deben ser retenidas en un 
sistema de cría a destete para maximizar 
el retorno sobre el costo total, por cerdo 
destetado, y el retorno neto a la inversión, 
así como valorar la sensibilidad del retorno 
sobre el costo total por cerdo destetado en 
base al precio del alimento y el número de 
nacidos vivos (NBA por sus siglas en inglés).

Materiales y métodos: Se recolecto infor-
mación utilizados para valorar el NBA y la 
mortalidad pre destete por parto entre 2001 
y 2014 en 17 granjas del Medio Oeste de 

los EUA con un total de 105,719 hembras, 
contabilizando 502,491 registros totales. Se 
compararon los presupuestos proyectados en 
varios escenarios de distribución por paridad 
utilizando un modelo de granja en “estado 
constante” que incluyó los costos variables y 
fijos asociados con la granja y la proporción 
de hembras por paridad en la distribución.

Resultados: El costo de producción de un 
cerdo destetado fue minimizado cuando se 
desechó después del parto 5 al 9, desechar 
después de los últimos partos (vg, parto 7 al 9) 
mostró mayor retorno sobre desechar después 
de los partos 1 al 4.  Desechar después de 
los partos 5 al 9 mostró aproximadamente 
un 15% sobre el retorno neto a la inversión. 

Cuando el NBA aumentó, desechar después 
de los partos 5 al 9 presentó los retornos más 
altos. Desechar después de los partos  
6 a 9 mostró los mayores retornos con 
precios de alimento bajos. Con precios de 
alimento altos, todos los costos en las dife-
rentes distribuciones de paridad excedieron 
el retorno, aunque desechar después de los 
partos 5 y 6 se acercó al punto de equilibrio.

Implicaciones: Retener a las hembras en el 
hato más tiempo tiene beneficios económi-
cos que podrían incrementar los retornos 
financieros de un sistema de cría a destete. 

Résumé - Analyse économique de la réten-
tion des truies dans un système de produc-
tion de type accouplement-sevrage aux 
États-Unis

Objectifs: Déterminer le nombre de pari-
tés pour lesquels des truies devraient être 
maintenues dans un système de production 
de type accouplement-sevrage afin de maxi-
miser les retours sur le coût total par porc 
sevré et le retour net sur l’investissement, et 
d’évaluer la sensibilité des retours sur le coût 
total par porc sevré au prix de l’aliment et du 
nombre d’animaux nés vivants (ANV).

Matériels et méthodes: Les données utili-
sées pour estimer l’ANV et la mortalité 
pré-sevrage par parité ont été accumulées 
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Higher parity sows wean heavier pigs 
and produce more pigs per year 
than females in lower parities.1-3 

For these reasons it has been recommended 
that producers keep culling levels low to re-
duce the number of dams in first or second 
parity within a breeding herd, as the ability to 
produce and wean more pigs per year directly 
influences the profit capability of a farm.4

Sow retention rate drives optimal parity dis-
tribution (OPD), and the more productive 
parities should compose a greater propor-
tion of sows in the herd parity distribution.5 

It has been proposed that 52% of sows in a 
given herd should be in parities 3 through 6, 
as these are considered peak performance in 
the sow’s lifetime.6,7

A sow should not be replaced until the pro-
ductivity and profit generated by the later-
parity sow are less than those of a potential 
replacement gilt.4.8 Once a replacement 
gilt is introduced into the breeding herd to 
replace an older sow, the gain in genetic im-
provement will be recognized immediately, 
though allowing the sow to produce in the 
herd longer increases the profit level per 
animal.8 Furthermore, it has been reported8 

that current replacement rates are not 
profitable if the reason for a system’s high 
replacement rate is to solely introduce new 
gilts at a higher percentage to keep up with 
gains in genetic improvement that are being 
observed at the multiplier and nucleus levels 
of production.

Dhuyvetter3 and Abell et al8 reported that 
maximum pigs weaned per sow per year 
are observed by allowing sows to remain in 
the breeding herd until their 8th parity, and 
Stevermer4 reported that sows as old as pari-
ties 8 through 10 out-perform sows in their 
first parity. A sow reaches a positive value for 
lifetime net income at parity 3.9,10 However, 
in the United States, the average culling par-
ity is between 3.1 and 3.7,10 indicating that 
a sow barely covers her replacement cost at 
the time of removal. This represents a loss in 
profit potential by not retaining sows until 
later parities. If the cost of a replacement gilt 
can be spread over a greater number of pigs 
produced, such as the case when sows are 
retained longer, the cost to produce a market 
hog decreases.8

The objectives of this analysis were to assess 
a series of parity distributions to determine 
the number of parities for which a sow 
should be retained in a breed-to-wean sys-
tem to maximize returns over total cost per 
weaned pig and net return on investment, 
and to assess the sensitivity of returns over 
total cost per weaned pig to feed price and 
number born alive (NBA).

Materials and methods
Animal care and use committee approval was 
not obtained for this study because the data 
used for this analysis were obtained from a 
single private company’s existing database.

Production data and data exclusion 
criteria
Data editing and categorization was con-
ducted in R.11 Data were collected from 
2001 to 2014 from 17 farms located in the 
Midwest region in the United States. Both 
purebred and crossbred sows were included 
in the dataset. Data editing was performed 
to ensure data were within normal physi-
ological ranges and free from recording 
errors. Outlier records were removed, and 
any sow that did not have complete lifetime 
performance records was not included in the 
analysis. Individual records were considered 
outliers and removed from the data set if 
they were ± 3 standard deviations from the 

mean for the following traits at each parity: 
NBA, number of piglets weaned, total piglets 
born, number of stillborn piglets, wean-
to-first-service interval, and weaning age. 
Records greater than parity 10 were removed 
due to the small number of records in those 
high parities. Approximately 4% of the total 
litter observations needed to be adjusted for 
piglets fostered due to recording errors in ei-
ther NBA, fosters, or number weaned. These 
errors caused the recorded number of weaned 
pigs to be impractical on the basis of the given 
values for NBA and fostered. The values for 
NBA, fostered, and number weaned were 
needed in the calculation of pre-weaning 
mortality. The Shapiro test was used on the 
model residual information, as well as an ex-
amination of the normal plot to evaluate the 
dataset for normal distribution. The final data 
set included 502,491 records accounting for 
lifetime performance of 105,719 sows.

Estimation of number born alive 
and pre-weaning mortality from the 
production data
Statistical analyses were conducted using 
ASReml software. The first model was used 
to estimate pre-weaning mortality by par-
ity. Fixed effects included parity, farm, year, 
breed, and piglet age at weaning. The ran-
dom effect of sow was included to account 
for correlation among repeated dam records. 
Number born alive by parity was estimated 
using a second model. This model included 
fixed effects of parity, farm, year, breed, and 
wean-to-first-service interval. Random ef-
fects of sow and contemporary group (farm 
by year by season) were also included. The 
statistical method used to produce P values 
to evaluate statistical differences between 
estimates was a t test.

Value of animals
Price per weaned pig sold was calculated by 
using the composite weighted average price 
of a 4.5- to 5.5-kg weaned pig from the Na-
tional Direct Delivered Feeder Pig Report.12 
The weaned pig price used in the model 
($36.90 per pig) was based on an average 
of weekly prices reported during the 2001-
2014 period.12 The price paid for replace-
ment gilts was calculated using the monthly 
negotiated Iowa/Minnesota Daily Direct 
Prior Day Hog Report (plant delivered) 
prices for 2001-2014.13 An average weight 
of 125 kg was used with a dressing percent-
age of 72%,14 which resulted in a value of 
$137.48 per head. An additional $85.00 per 

entre 2001 et 2014 dans 17 fermes du 
Midwest Américain représentant un total 
de 105,719 truies et 502,491 dossiers. Les 
budgets prévus ont été comparés pour dif-
férents scénarios de distribution de parités 
en utilisant un modèle de ferme stable qui 
incluait autant des coûts variables que fixes 
associés à la ferme et à la proportion de tru-
ies par parité dans la distribution.

Résultats: Le coût de produire un porcelet 
sevré était minimisé en réformant les truies 
après les parités 5 à 9, et une réforme suite à 
des parités tardives (ie, parités 7 à 9) a permis 
un retour plus élevé qu’une réforme après les 
parités 1 à 4. Une réforme après les parités 
5 à 9 avait un retour net sur l’investissement 
d’environ 15%. Lorsque l’ANV augmentait, la 
réforme après les parités 5 à 9 donnait les re-
tours les plus élevés. La réforme après les pari-
tés 6 à 9 montrait le plus grand retour avec des 
prix faibles des aliments. Avec des prix élevés 
des aliments, les coûts associés avec toutes les 
distributions de parités excédaient les retours, 
bien que la réforme après les parités 5 et 6 soi-
ent venues bien proche de faire leurs frais.

Implications: La rétention plus longue des 
truies dans le troupeau avait des bénéfices 
économiques qui pourraient augmenter les 
retours monétaires dans un système de pro-
duction de type accouplement-sevrage.
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head was added for genetic premium,10,15 
which resulted in the value of a replacement 
gilt being $222.48 per head. If breeding is 
not successful then gilts are culled. The cull-
gilt price used assumed a weight of 129 kg 
at a price of $142.48 per head from 2001-
2014.14 It was assumed that approximately 
20% of purchased gilts do not conceive and 
are culled from the breeding herd under 
all scenarios.16,17 The cull-sow price was 
based on the Weekly National Direct Swine 
Report18 national weighted average price 
of negotiated sows weighing 136 to 227 kg 
from 2002-2014.18 Table 1 provides a listing 
of additional animal and production values.

Model operation
The modeled enterprise was a 5000-sow 
breed-to-wean operation. This facility was 
assumed to individually house sows during 
gestation and lactation, as this represented 
the housing system used by the production 
company at the time the data were being 
recorded. The total number of sows (5000) 
and 2.32 litters per sow per year were held 
constant across all scenarios. Replacement 
rate was calculated as gilt purchases over the 
running inventory, per parity distribution. 
Death loss and culls due to failure to con-
ceive were considered in the calculation of 
gilt purchases needed to maintain the breed-
ing herd.

The budgets used in this analysis were de-
veloped by Dhuyvetter 3,16 and were used 
to demonstrate a breeding herd that culls 
sows after their first through 10th parities 
as a means to identify the optimal parity 
distribution on the basis of returns over 
total cost per weaned pig. Conception rates 
play a large role in OPD. For this analysis, 
gilt conception rate was slightly below 80%, 
while conception rate at all other parities 
was approximately 86%.16 Examples of 
the parity distribution scenarios include a 
system that culls sows after their first par-
ity, resulting in a breeding herd comprising 
only gilts, whereas a system that culls sows 
after their fourth parity would be composed 
of dams through their fourth parity. Under 
current economic situations it is not likely 
that producers would maintain a breeding 
herd composed of only gilts. However, in 
operations that utilize a parity segregation 
system, a gilt-only herd would be applicable 
and was included for comparison purposes. 
A “steady-state” model was used to demon-
strate returns on the basis of an existing farm 
versus a system that is just entering produc-
tion. Feed cost sensitivity analysis, as well as 

increased sow production, was conducted as 
a part of the economic analysis. The budget 
analysis is presented on a per weaned-pig 
value basis.

Variable costs
Variability in feed consumption by parity 
was accounted for with a linear range for 
gestation diets of 2.5 to 2.7 kg per sow per 
day for parities 1 through 10 and a non-lin-
ear range for lactation intake of 4.6 to 5.7 kg 
per day per sow for parities 1 through 10.16 
The assumption was made that no creep feed 
was provided prior to weaning. The corn 
and soybean meal prices used in the present 
study were an average of 48% higher than 
the prices used by Dhuyvetter.3 The price 
of base mix was calculated using this aver-
age percentage price increase, applied to the 
price of base mix used in formulating sow 
diets as described by Dhuyvetter.3 Semen 
cost per litter was assumed to be $4.00 per 
dose: this price was provided by the com-
pany supplying the production data. It was 
assumed that two semen doses per sow per 
litter are required, as well as an additional 
$4.00 charge per sow that farrowed, as a 
means to cover the expense of sows or gilts 
that were bred and did not conceive or far-
row. The cost of insurance on the breeding 
herd was calculated as 1% of the total breed-
ing herd investment divided by the number 
of weaned pigs sold per year.3 A complete 
variable costs breakdown can be found in 
Table 1.

Fixed costs
Total building and equipment investment 
costs accounted for the cost of gestation 
and farrowing stalls, cost per square meter 
of building, and the equipment required in 
the building, such as feeders and panels. A 
useful life of 20 years was assumed and ap-
plied to the building, and a 12-year useful 
life for equipment was assumed and used in 
the depreciation calculation.3,26 Insurance 
on buildings and equipment was an assumed 
value of 1%. A 10% salvage value was ap-
plied to buildings, while a 0% salvage value 
was applied to all equipment and stalls.3 The 
fixed costs used in this analysis can be found 
in Table 1.

Sensitivity analysis
Number born alive estimates were averaged 
over parity groups 1 to 3, 4 to 6, and 7 to 9, 
as well as year groups 2001 to 2005, 2006 
to 2010, and 2011 to 2014. These estimates 

were used as a means to show how NBA has 
changed since 2001 across parities. As years 
2011 to 2014 were shown to be the most 
prolific years for sows, records from those 
years were analyzed using the original NBA 
and pre-weaning mortality models previous-
ly described. The estimates were then used 
in the budget analysis to assess how greater 
NBA and pre-weaning mortality affect the 
recommended parity distribution with all 
other inputs held constant.

Feed price was assessed in the sensitivity 
analysis. The two lowest costs for corn and 
soybean meal over the 14 years were selected, 
averaged, and then used as the new value for 
both inputs. This was repeated with the two 
highest prices for corn and soybean meal. All 
other factors were held constant.

Results
Figure 1 presents the NBA and pre-weaning 
mortality estimates by parity that were used 
as inputs in the economic analysis. Number 
of piglets born alive was shown to be highest 
in third-parity sows. An increase in NBA 
was observed until parity 3, which then 
steadily decreased until parity 10. Addition-
ally, NBA differed among parities (P < .05). 
Pre-weaning mortality estimates also differed 
among parities (P < .05) except parity 9, 
which showed a trend toward significant dif-
ferences with other parities (P < .10), and 
parity 10, which showed a tendency that ap-
pears different from other parities (P < .25). 
Average number weaned per birth litter, on 
the basis of the given parity distribution, is 
presented in Table 2. Across all parity distri-
butions, an average of 9.65 pigs were weaned 
per litter on the basis of the given parity 
distribution.

The number of replacement females needed 
to maintain 5000 breeding animals is shown 
in Table 2, with the associated replacement 
rate for each parity distribution. As sows are 
retained longer and culled later in life, the 
replacement rate decreases.

The parity distribution where culling occurs 
after parity 1 sells fewer weaned pigs per year 
than any other scenario, as shown in Table 2. 
The parity distribution that sells the most 
weaned pigs per year is the scenario that 
culls sows after their fourth parity (Table 2). 
Though culling after parity 4 was shown 
to produce the most saleable weaned pigs, 
this is not the parity distribution that most 
minimized the cost per weaned pig, as this 
is dependent on additional factors such as 



241Journal of Swine Health and Production — Volume 25, Number 5

Table 1: Market prices, production values, investment costs, and miscellaneous 
expenses used in the economic analysis of sow retention for a 5000-sow breed-to-
wean operation (all prices, costs, and expenses in US$)

Parameter Value used in analysis
Market price
Price for weaned pig ($/head)12 36.90
Price for cull sow ($/45.4 kg)18 43.15
Price for replacement gilts ($/head)14 222.48
Production values
Average age of weaning (days)19 21
Average weaning weight (kg)19 5.9
Litters/sow/year19 2.32
Sow mortality (%)20 8.34
Variable costs
Soybean meal ($/ton)21 311.21
Corn ($/0.04 m3)22 3.69
Base mix: vitamins, minerals, etc ($/ton) 677.00
Feed processing ($/ton)23 9.09
Utilities (fuel and oil) ($/weaned pig)24 1.22
Building and equipment repairs (%)* 2.00
Legal/accounting fees ($/weaned pig)24 0.24
Transport and marketing costs ($/weaned pig)24 1.00
Labor, annual salary expenses ($)† 34,000.00
Veterinary, drugs, supplies ($/weaned pig)24 3.62
Depreciation on breeding herd (%)‡ Varied
Interest on breeding herd (%)25 7.19
Semen charge per litter ($) 12.00
Fixed costs
Interest on buildings and equipment (%)25 7.19
Total building and equipment investment ($)§ 4,775,811.00

* (Total building/equipment investment/pigs sold/year) × (2% assumed value).
† Average provided by a Midwest US swine company.
‡  Based on the cull and replacement rate of the parity distribution.
§  Calculation based on a 5000-sow herd (building, sow housing, equipment).

the variable costs represented in Table 3. 
The parity distribution that most cost effec-
tively produced weaned pigs, and had the 
greatest return over total cost, was culling 
after parity 6 (Table 3).

Table 3 includes net return on investment, 
which is based on the parity distribution 
scenarios. The same trend that was seen in 
the budget analysis was also observed, as the 
greatest return on investment was realized by 
culling sows after parity 6, followed closely 
by culling after parities 5 and 7, with culling 
after parities 5 through 8 all showing ap-
proximately a 15% return on investment.

As part of the sensitivity analysis in this 
study, greater NBA, as well as pre-weaning 
mortality estimates, were used per parity 
with all other factors held constant. 
Figure 2 illustrates the increase in NBA 
by year groups as well as parity groups. 
Since 2001, NBA has increased across all 
parities, with parities 1 through 3 realizing 
the largest increase in NBA. Records from 
2011 to 2014 were used to produce more 
recent estimates of NBA and pre-weaning 
mortality, which were then used in the 
sensitivity analysis. These updated estimates 
are shown in Figure 3. Parity 3 was again 

the most prolific parity (P < .05), but pre-
weaning mortality rates were greater than 
those shown in Figure 1. The results from 
using the updated NBA estimates described 
in Figure 3 are presented in Table 4. The 
parity distribution that culled after parity 6 
remained the most profitable distribution on 
the basis of both returns over total costs and 
net return on investment, followed closely 
by culling after parity 7. It was observed that 
culling after parities 5 through 9 showed 
greater economic returns than culling after 
parities 1 through 4 (Table 4).

For the low feed price analysis, soybean meal 
decreased 58%, which equated to a price 
of $181.54 per ton, and the cost of corn 
decreased 52%, which equated to a price of 
$1.92 per cubic meter. The results of the low 
feed price sensitivity analysis are presented 
in Table 5. With low feed costs, the optimal 
parity distribution favors older sows. Specifi-
cally, the greatest returns over total costs can 
be realized by retaining sows through their 
seventh parity, and retaining sows through 
their eighth or ninth parity has a greater 
rate of return over culling before a sow is 
through her fifth parity. In the high feed 
price analysis, soybean meal increased 66%, 
bringing the price to $474.49 per ton, and 
corn increased 57.6%, bringing the price to 
$6.41 per cubic meter. None of the parity 
distributions have positive returns over total 
costs with high feed prices (Table 5). How-
ever, the parity distribution culling after par-
ity 6 was the closest to break-even, followed 
closely by culling after parity 5.

Discussion
Although older sows have lower NBA, 
they wean a greater percentage of their 
pigs than younger sows. Older sows wean 
approximately the same number of pigs as 
the younger sows, which can be associated 
with their lower pre-weaning mortality rate. 
Older sows’ pre-weaning mortality rate fell 
below 14% in parities 7 through 10, suggest-
ing that older sows are able to maintain and 
rear more piglets during the lactation period 
than younger sows.

Litters per sow per year, as well as sow in-
ventory, were held constant across all parity 
distribution scenarios, thus the number of 
litters produced per year was constant across 
all scenarios. However, it has been shown 
in a previous study3 that litters per sow per 
year were lowest in scenarios where culling 
occurred after the first and second parities, 
and was consistent in distribution scenarios 
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Figure 1: Pigs born alive per litter and pre-weaning mortality (least squares means ± 
standard error) used in an economic analysis of sow retention in a breed-to-wean sys-
tem, estimates by parity, for parities 1 through 10 from 105,719 sows. Values gathered 
from 2001-2014. *A significant difference was observed between parities for pigs 
born alive per litter (P < .05; t test).† A significant difference was observed between 
parities for pre-wean mortality (P < .05; t test) except parity 9, which showed a trend 
toward significant differences with other parities (P = .09), and parity 10, which showed 
a tendency that appears different from other parities (P = .25). 
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Table 2: Production values, inputs, and results from the economic analysis of sow retention of a 5000-sow breed-to-wean operation*

Parity prior to cull†
1 2 3 4 5 6 7 8 9 10

Ave parity‡ 1.00 1.46 1.90 2.32 2.70 3.07 3.40 3.76 4.05 4.32

Ave removal parity§ 1.00 1.86 2.62 3.26 3.79 4.29 4.68 5.08 5.41 5.64

Sow inventory 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000

Replacement rate (%) 295 158 113 90 78 69 63 58 54 53

Annual purchases 14,764 7909 5642 4508 3902 3445 3164 2918 2723 2636

Total litters/year 11,600 11,600 11,600 11,600 11,600 11,600 11,600 11,600 11,600 11,600

Litters/sow/year 2.32 2.32 2.32 2.32 2.32 2.32 2.32 2.32 2.32 2.32

Born alive/litter 11.14 11.31 11.44 11.47 11.45 11.41 11.35 11.28 11.21 11.13

Pigs weaned/litter 9.44 9.64 9.75 9.78 9.76 9.72 9.68 9.63 9.57 9.51

Weaned pigs  
produced/week 2106 2150 2175 2180 2177 2169 2159 2147 2135 2121

Pigs sold/sow/year 21.91 22.37 22.62 22.68 22.65 22.56 22.46 22.34 22.21 22.06

Pigs sold/year 109,559 111,829 113,115 113,391 113,237 112,808 112,299 111,695 111,052 110,319

*  Values gathered from 2001 to 2014.
†  Represents the parity distribution based on sow culling strategy. For example, “4” indicates that in the parity distribution scenario sows 

are kept until parity 4 and then culled. Sows bred but do not conceive, or that do not show signs of estrus prior to the final parity in the 
distribution, are culled.

‡  Average (Ave) parity: weighted average of sows farrowing within each parity of the given parity distribution scenario.
§  Ave parity of removal: weighted average removal parity of sow culls and deaths at each parity of the given parity distribution scenario. 

Gilts culled prior to having a litter are not included in this value.

 

culling after parities 3 through 10. Had this 
been considered, and the litters per sow per 
year lowered in distributions including only 
first- and second-parity sows, it would be 
expected that the optimal parity distribu-
tions would still favor distributions having a 
proportion of older sows. The distributions 
including older sows would have had more 
litters per sow per year, thus proving to be 
even more efficient than that represented in 
the present study.

Results indicate that retaining sows until 
later parities, (ie, parity 8 and 9), could be 
economically advantageous over culling 
sows after parities 1 through 4, as shown 
by a higher return over total cost. Though 
older sows produce and sell slightly fewer 
pigs per year than younger sows, the cost 
in producing a weaned pig is lowest when 
sows are culled after parities 5 through 9. 
The results shown are similar to those previ-
ously observed in other economic analysis 
studies, ie, that the cost of a weaned pig is 
highest in first-parity sows and decreases 
in other parities.3 With the current average 
parity of culling in the United States at 3.1 
to 3.7,10 results indicate there is a substantial 
profit gap that could be reduced by keeping 
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Table 3: Budget analysis and net return on investment of sow retention in a 5000-sow breed-to-wean operation on a per 
weaned-pig basis (all prices, costs, and expenses in US$)*

Parity prior to cull†
1 2 3 4 5 6 7 8 9 10

Variable costs/pig sold
Grain 5.29 5.36 5.43 5.52 5.62 5.72 5.83 5.95 6.06 6.18

Protein 2.80 2.86 2.91 2.96 3.01 3.07 3.12 3.18 3.24 3.29

Base mix: vitamins, minerals, etc 1.34 1.36 1.38 1.40 1.42 1.45 1.48 1.51 1.54 1.57

Feed processing 0.47 0.47 0.48 0.49 0.50 0.51 0.52 0.53 0.54 0.55

Labor 5.59 5.47 5.41 5.40 5.40 5.43 5.45 5.48 5.51 5.55

Veterinary, drugs, and supplies 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16

Utilities, fuel, and oil 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22

Transportation and marketing costs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Building and equipment repairs 0.87 0.85 0.84 0.84 0.84 0.85 0.85 0.86 0.86 0.87

Breeding/genetic charge
   Depreciation 14.42 6.32 4.00 2.97 2.47 2.10 1.89 1.71 1.57 1.52

   Semen 1.27 1.24 1.23 1.23 1.23 1.23 1.24 1.25 1.25 1.26

   Interest 0.56 0.58 0.58 0.59 0.60 0.60 0.61 0.62 0.62 0.63

   Insurance 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09

Professional fees: legal, accounting, etc 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24

Interest on 1/2 variable costs 0.58 0.45 0.42 0.40 0.40 0.40 0.40 0.40 0.40 0.40

A. Total variable costs 38.88 30.67 28.38 27.50 27.19 27.06 27.09 27.17 27.29 27.52
Fixed costs/pig sold
Depreciation on bldgs and equip 2.51 2.46 2.43 2.42 2.43 2.44 2.45 2.46 2.48 2.49

Interest on bldgs and equip 1.67 1.64 1.62 1.62 1.62 1.62 1.63 1.64 1.65 1.66

Insurance on bldgs and equip 0.44 0.43 0.42 0.42 0.42 0.42 0.43 0.43 0.43 0.43

B. Total fixed costs 4.62 4.52 4.47 4.46 4.47 4.48 4.51 4.53 4.56 4.59
C. Total cost/pig sold 43.50 35.20 32.86 31.97 31.66 31.55 31.60 31.70 31.84 32.11
D. Gross returns/weaned pig sold 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90
E. Return over variable costs 
(D-A) -1.98 6.23 8.52 9.40 9.71 9.84 9.81 9.73 9.61 9.38

F. Return over fixed costs (D-B) 32.28 32.38 32.43 32.44 32.43 32.42 32.39 32.37 32.34 32.31
G. Returns over total costs $/head 
(D-C)

-6.60 1.70 4.04 4.93 5.24 5.35 5.30 5.20 5.06 4.79

Net return on investment (%) -7.0 8.3 12.8 14.5 15.1 15.3 15.1 14.9 14.6 14.0

*    Values gathered from 2001 to 2014.
†  Represents the parity distribution on the basis of sow culling strategy. For example, “4” indicates that in the parity distribution scenario, 

sows are kept until parity 4 and then culled. Sows that are bred but do not conceive or that do not show signs of estrus prior to the final 
parity in the distribution are culled. Bldgs and equip = Buildings and equipment.

sows until later parities to increase return per 
weaned pig. The current study showed that a 
producer may be losing as much as $0.42 per 
weaned pig by culling at the current industry 
averages rather than retaining sows until the 
returns over total costs is higher. 

With more pigs sold per year, costs associated 
with annual production can be distributed 

among the larger number of pigs sold, thus 
decreasing cost on a per weaned-pig basis. 
However, there are other costs associated 
with each parity distribution, such as age and 
size of the sows, which must be considered 
as well. Some additional costs that need 
consideration are, for example, feed costs, 
which will be greater for older sows, as they 
are heavier and have a higher maintenance 

level feed requirement,27,28 but depreciation 
of the breeding herd is minimized in older 
sows as it is able to be spread over more 
parities. The cost associated with a higher 
replacement rate can be observed in the 
higher cost per weaned pig specifically as-
sociated with depreciation of the breeding 
herd. The depreciation per weaned pig is a 
function of sow mortality rate per parity 
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Figure 2: Number born alive (NBA) per litter estimates by parity groups and 
year groups (averaged least squares means ± standard error), from 105,719 sows. 
Estimates were averaged across parity groups (1 through 3, 4 through 6, and 7 
through 9) and year groups (2001 to 2005, 2006 to 2010, 2011 to 2014). All year-
by-parity NBA estimates were found to be statistically different from each other  
(P < .05; t test) (not shown in figure). Parity group estimates were then calculated 
by averaging year-by-parity estimates within each parity group. Statistical signifi-
cance was not re-assessed once the estimates had been averaged. Values gathered 
from 2001-2014. 
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Figure 3: Pigs born alive per litter and pre-weaning mortality (least squares means 
± standard error by parity, for parities 1 through 10). * A significant difference was 
observed between parities for pigs born alive per litter (P < .05; t test).† A signifi-
cant difference was observed between parities for pre-wean mortality (P < .05; t 
test) except parity 10, which showed a trend different from other parities (P = .08). 
Values gathered from 2011-2014. 
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distribution and the respective replacement 
gilt costs that need to spread across pigs 
weaned throughout her productive lifetime. 
The lower the replacement rate of the parity 
distribution, the lower the cost associated 
with breeding-herd depreciation per weaned 
pig. With all the previous considered, it was 
shown that culling after parity 6 minimized 
costs per weaned pig, even though culling after 
parity 4 produced the most saleable weaned 
pigs. The advantage of retaining sows is clearly 
demonstrated, as retaining a sow until her 
ninth parity is shown to have a greater rate 
of return than what most commercial pork 
producers are currently receiving today by 
culling sows after their third or fourth parity.

As this study analyzed return over total cost 
on a per weaned-pig basis, a recommenda-
tion on how the optimal parity distribution 
will be influenced when pigs are followed 
through finishing cannot be made. How-
ever, numerous studies show the benefits of 
offspring from older sows through finishing. 
Offspring from primiparous dams have lower 
average daily gain,2,29,30 as well as increased 
mortality in the nursery and finishing phases 
when compared to offspring from older 
sows.30 It has been reported that market 
hogs from mature sows were significantly 
more profitable than market hogs from 
first-parity sows.31 The difference seen in the 
offspring from first-parity sows, compared to 
the offspring from older dams, is due, at least 
in part, to the poorer health status of the 
first-parity offspring.2,29,30 We hypothesize 
that if this analysis were performed on a per 
finished-hog basis, the recommended parity 
distribution would still favor distributions 
with a greater percentage of older sows.

Return on investment is considered to be 
an indicator of profitability, and it has been 
recommended that a company needs a 
minimum of 10% to 14% return on invest-
ment to fund future growth.32 It has also 
been shown that investment in a breed-to-
wean operation was favorable over other 
investments given a similar risk profile that 
is based on the modified internal rate of 
returns.33 Approximately a 15% return on 
investment was realized in the scenarios that 
culled sows after parities 5 through 8, again 
emphasizing the value of retaining sows in 
the breeding herd longer than what is cur-
rently being reported.

Through genetic improvement and better 
management practices, NBA has steadily 
increased.34 The sensitivity analysis dem-
onstrating increased NBA also showed a 
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Table 4: Production values, inputs, and outputs used in the economic analysis of sow retention of a 5000-sow breed-to-wean 
operation in US$*

Parameter
Parity prior to cull†

1 2 3 4 5 6 7 8 9 10
Pigs born alive/litter 11.64 11.88 12.01 12.06 12.05 12.02 11.98 11.92 11.85 11.79
Pigs sold/sow/year 22.86 22.88 22.94 22.92 22.86 22.78 22.70 22.60 22.48 22.35
Pigs sold/year 114,194 114,281 114,567 114,505 114,206 113,800 113,401 112,878 112,285 111,664
Returns over total 
costs $/head -5.06 2.34 4.39 5.19 5.46 5.58 5.56 5.47 5.34 5.11
Net return on  
investment (%) -4.6 9.6 13.6 15.1 15.6 15.8 15.7 15.5 15.2 14.7

*  Values gathered from 2011-2014.
†  Represents the parity distribution, based on sow culling strategy. For example “4” indicates that in the parity distribution scenario sows are 

kept until parity 4 and then culled. Sows that are bred but do not conceive, or that do not show signs of estrus prior to the final parity in 
the distribution, are culled.

 

Table 5: Feed sensitivity economic analysis of sow retention of a 5000-sow breed-to-wean operation on a per weaned pig basis 
(all prices, costs, and expenses in US$)*

Parity prior to cull†
1 2 3 4 5 6 7 8 9 10

Low feed cost analysis‡

Grain cost/pig sold 2.76 2.79 2.83 2.88 2.93 2.98 3.04 3.10 3.16 3.22

Protein cost/pig sold 1.64 1.67 1.70 1.73 1.76 1.79 1.82 1.85 1.89 1.92

Total variable costs 35.12 26.86 24.52 23.57 23.19 22.98 22.93 22.94 22.97 23.12

Total costs/pig sold 39.74 31.38 28.99 28.03 27.66 27.47 27.44 27.47 27.53 27.71

Gross returns/pig sold 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90

Net return on investment (%) -0.2 15.4 20.1 22.0 22.7 23.0 22.9 22.8 22.6 22.1

Returns over total costs $/head -2.84 5.52 7.91 8.87 9.24 9.43 9.46 9.43 9.37 9.19

High feed cost analysis§
Grain cost/pig sold 9.18 9.30 9.42 9.58 9.75 9.94 10.13 10.32 10.52 10.73

Protein cost/pig sold 4.27 4.37 4.44 4.51 4.59 4.68 4.76 4.85 4.93 5.02

Total variable costs 44.32 36.21 33.99 33.21 33.00 32.98 33.11 33.31 33.54 33.90

Total costs/pig sold 48.94 40.73 38.46 37.67 37.47 37.46 37.62 37.84 38.10 38.48

Gross returns/pig sold 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90 36.90

Net return on investment (%) -17.0 -2.04 2.20 3.72 4.11 4.12 3.83 3.42 2.96 2.26

Returns over total costs $/head -12.04 -3.83 -1.56 -0.77 -0.57 -0.56 -0.72 -0.94 -1.20 -1.58

*  Values gathered from 2001-2014.
†  Represents the parity distribution, based on sow culling strategy.
‡  The two lowest feed prices from the years 2001-2014 were averaged for protein (soybean meal) and grain (corn) input prices. All other 

factors were held constant in the analysis.
§  The two highest feed prices from the years of 2001-2014 were averaged for protein (soybean meal) and grain (corn) input prices.  All 

other factors were held constant in the analysis.

higher pre-weaning mortality. A higher pre-
weaning mortality is not advantageous for 
the producer, as the greater the pre-weaning 
mortality rate, the fewer pigs are weaned per 
sow. A large factor in the high pre-weaning 

mortality rate used was the influence of the 
porcine epidemic diarrhea virus (PEDV) out-
break that occurred during these years used 
in this portion of the sensitivity anaylsis.19 
However, even with pre-weaning mortality 

rates an average of 4% greater per parity in 
2011 to 2014, sows still were shown to wean 
and sell more pigs than in the base scenario 
due to the increase in NBA. These results 
follow the same trend that was observed in 
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the base scenario with a lower NBA and pre-
weaning mortality rate, indicating that the 
increase in sow performance across all pari-
ties did not have a large effect on the optimal 
parity distribution. However, it can be seen 
that the difference in returns between cull-
ing after parity 6 and 7 was smaller in the 
scenario with higher NBA. If NBA were to 
increase, it can be hypothesized that older 
sows (ie, parity 7) become most profitable.

A number of educated assumptions were 
required as factors impacting the optimal 
parity distribution for this economic analy-
sis. The validity of those assumptions should 
be tested over time. 

Implications
•	 By	improving	sow	longevity,	the	profit-

ability of the breeding herd should im-
prove as costs associated with replace-
ment gilt expenses are reduced.

•	 The	economic	benefits	of	retaining	
sows into their later parities (parities 
5 through 9) include increased returns 
over total costs, as well as increased net 
return on investment.

•	 Producers	could	increase	returns	per	
weaned pig above what is currently being 
realized in the commercial swine indus-
try by retaining sows in the herd longer.
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