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Abstract 

The effect of breed and age on the concentration of anti-mullerian hormone (AMH) and the relationship between AMH and fertility in replacement ewes were evaluated. In Experiment 1, a single blood sample was used to compare concentration of AMH in Dorset/Texel (DT; n= 238; age 8.7 ± 0.1 months), Suffolk (n= 44) and Katahdin (n= 77; age 6.9 ± 0.04 months) replacement females and to determine changes in systemic AMH with age in DT and Katahdin females. In Experiment 2, Katahdin and DT females were placed into LOW, MEDIUM and HIGH groups based on their systemic AMH determined from a blood sample collected 2 months prior to breeding. Females were treated with CIDR inserts (0.3g progesterone) for 5 days and were exposed to rams at insert removal for 30–35 days. Ewes were observed for estrus after 4 days of ram exposure, and pregnancy diagnosis was conducted via transrectal ultrasonography at the time of ram removal and again 20–25 days. In Experiment 1, Katahdin females had a higher AMH than DT and Suffolk females (P < 0.001: 566 ± 37 vs. 337 ± 14 vs. 237 ± 22 pg/ml, respectively). AMH decreased linearly with age in DT females (P = 0.03). In Experiment 2, Females with high AMH conceived and lambed to the first service in Katahdin but not the DT breed (Breed x AMH; P < 0. 05). Replacement females that conceived (Breed X Conception; P < 0.001) and lambed to the first service (Breed X lambing to 1st service; P < 0.001) had a higher AMH in Katahdin but not DT breed. In conclusion, AMH varies among different breeds of sheep and a single measure may be useful to select females with high reproductive performance in some breeds. 
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1.0 Introduction 

The profitability of sheep operations is highly correlated with reproductive performance of the flock.  Replacement females can make up 25% of the breeding flock and their reproductive performance is generally lower than that of their flock mates (Quirke et al., 1977; Edwards et al., 2016). Additionally, replacement ewes that are successfully bred within their first year of age are more profitable and show greater lifetime reproductive performance than females bred to lamb at two years for the first time (Young et al., 2011; Kenyon et al., 2011; Kenyon et al., 2014).  
Approaches to increase fertility in replacement females have been the subject of significant research efforts over the last five decades (Nieto et al., 2013; Kenyon et al., 2014; Knights et al., 2015). Recently, it was reported that the number of growing antral follicles in young adult cattle may be related to their fertility (Ireland et al., 2008; 2011) and low numbers of antral growing follicles have been related to suboptimal fertility in beef cattle (Cushman et al., 2009; 2010).  Anti-Müllerian hormone (AMH) is a member of the transforming growth factor-β (TGF-β) family (Cate et al., 1986; Knight et al., 2006) and can be used as a marker of the ovarian follicular reserve in humans (Visser et al., 2005), mice (Kevenaar et al., 2006), cattle (Ireland et al., 2008; Monniaux et al., 2010; Rico et al., 2009; Batista et al., 2014) and bitches (Hollinshead et al., 2016).  In cattle, the concentration of AMH is positively and highly correlated with AFC (Ireland et al., 2008; 2011). 
In dairy cattle, concentration of AMH showed a quadratic relationship with lactation number and females with low concentration of AMH had a lower pregnancy rate following first service, and a greater incidence of pregnancy loss between day 30 and 65 of gestation (Ribeiro et al., 2014). In addition, it was suggested that the concentration of AMH may be used as a diagnostic tool in young heifers to predict herd longevity (Jimenez-Krassel et al., 2015). Lahoz et al. (2012) reported that concentration of AMH determined at an early age in Rasa Aragonesa sheep, can be used to reliably predict fertility at first mating and suggested the cut off value of 97 pg/ml to distinguish between females with low and high fertility. 
Concentrations of AMH vary among breeds of cattle (Baldrighi et al., 2014; Batista et al., 2014; Guerreiro et al., 2014; Stojsin – Carter et al., 2016) and with age  (Cushman et al., 2010; Lahoz et al., 2014). The concentration of AMH and the relationship between concentration of AMH and fertility in replacement females might not be consistent across breeds.  
Therefore, the objectives of this study were to evaluate the concentration of AMH in replacement females of different breeds and ages and to determine if the relationship between the concentration of AMH and fertility in replacement females varies with breed.

2.0 Materials and Methods 

1.1.  Farm and Animals

This study was conducted during the fall of 2013, 2014 and 2015 on three farms located in West Virginia and southwestern Pennsylvania. The animals used in this study consisted of Dorset x Texel (8.7 ± 0.1 months [range 4 – 10.4 months]; 38.9 ± 0.58 kg [range 23.1- 70.3 kg]), Katahdin (6.9 ± 0.04 months [range 3.6 – 5.6 months]; 23.6 ± 0.57 kg [range 13.1 – 35.8 kg]), and Suffolk (40.5 ± 0.75 kg [range 28.2 – 53.1 kg]) replacement females. Two months prior to beginning of the breeding season, replacement females were provided with a grain supplement (15% crude protein, 65% total digestible nutrients concentrate) ranging in amounts of 0.23 to 0.68 kg per head per day. All animals were managed on mixed grass legume pastures and were allowed ad libitum access to water and shade. 

2.2 Treatments

The procedures used in these studies were approved by the West Virginia University Animal Care and Use Committee (IACUC # 13-1201).

2.3 Experiment 1

To determine the effect of breed of sheep on the concentration of AMH, a single blood sample was collected from Dorset/Texel (n = 238), Suffolk (n = 44) and Katahdin (n = 77) replacement females (Table 1) and assayed for AMH. To determine the relationship between age and concentration of AMH, blood samples were collected from Dorset/Texel and Katahdin replacement females ranging in age from 6 to 12 and 6 to 8 months, respectively. 

2.4 Experiment 2 

To determine the relationship between the concentration of AMH and fertility, the concentration of AMH was determined from a single blood sample collected 2 months prior to breeding. Females within the Katahdin breed and Dorset/Texel crosses, were placed into LOW, MEDIUM and HIGH groups respectively, equivalent to < mean - ½ standard deviation, ≥ mean - ½ standard deviation < mean + ½ standard deviation and ≥ mean + ½ standard deviation, respectively. Females within the Suffolk breed was not used as the producer experienced significant loss of animals due to sickness. All females were separated from rams prior to the beginning of the experiment and received progesterone via a CIDR device (containing 0.3g of progesterone; InterAg; Hamilton, New Zealand) for 5 days prior to ram introduction. At CIDR removal, replacement females were exposed to a group of sexually mature rams at a ratio not less than one ram per 15 replacement females.  
.
2.5 Estrous detection 

Rams fitted with marking harnesses were exposed to replacement females and managed as a single breeding group for approximately 60 days beginning at CIDR removal. To detect estrus at first service period, ewes were observed for the presence of raddle marks between 24 and 96 hours after ram introduction. 
 
2.6 Pregnancy diagnosis and lambing data

Pregnancy diagnosis was conducted using transrectal ultrasonography (Aloka 500 Corometrics Medical Systems Wallingford, CT, USA) with a 7.5-mHZ linear trans-rectal probe between 30-35 and 50-55 days after ram introduction to detect pregnancy conceived at first and second service periods, respectively. Lambing records were collected and analyzed. 



2.7 Blood Collection and AMH assay

Blood samples were collected into 10 ml tubes containing EDTA by jugular venipuncture. The samples were immediately placed on ice and later centrifuged at 3000 x g for 15 minutes for separation of plasma. The plasma samples were frozen at – 20 oC for later analysis. Plasma AMH was determined using an enzyme-linked immunosorbent assay ELISA kit (ANSH labs, Webster, Texas, USA). The sensitivity of the AMH assay was 0.009ng/ml and intra-assay CV was < 5 %.  												
2.8 Statistical analysis 

To assess the effect of breed on the concentration of AMH, a one way analysis of variance (ANOVA) was conducted using the PROC MIX procedure of SAS (Statistical Analysis System version 9.4 for Windows; SAS Institute, Cary, NC, USA) and means were separated using Tukey’s HSD. 
A polynomial regression was used to assess the relationship between concentration of AMH and age in replacement females, the regression between the concentration of AMH and age was determined using the PROC REG procedures of SAS.
A two-way Analysis of Covariance (ANCOVA) was conducted using the PROC MIX procedure of SAS to determine the effect of concentration of AMH (LOW, MEDIUM and HIGH groups), breed and breed x AMH interaction on reproductive responses controlling for age. Means were separated using Tukey’s HSD.  Response variables included estrous response, conception rate, pregnancy to first and second services (ewe that lambed that were pregnant to first and second services, respectively), prolificacy (number of lambs born per ewe lambing), prolificacy to first service (number of lambs born per ewe lambing to first service only), proportion of ewes (ewes lambing by day 13 of the lambing period) lambing to first service, percentage lambed, lambing rate (lambs born per ewe exposed), ram introduction to lambing, lambing day (day that ewe lambed during the lambing period) and age to first lambing and the effect of conception, pregnancy to first service, percentage lambed and lambing to first service. 
ANCOVA was used to investigate whether the concentration of AMH differed from replacement females experiencing a binary reproductive response or not controlling for age. These variables were used in a multivariable model that included the binary reproductive response as an independent variable to explain the variability of concentration of AMH (Ribiero et al., 2014). Reproductive responses investigated were estrous response, conception, pregnancy to first service, lambed and lambing to first service. Results were considered significant at a confidence interval of P ≤ 0.05 and a tendency when 0.05 < P ≤ 0.1. 
	
3.0 Results

3.1 Relationship between concentration of AMH, breed and age 

The mean breeding age of the replacement females were 8.3 ± 0.01 months. The mean systemic concentration of AMH for Dorset, Katahdin and Suffolk replacement females were 337 ± 14, 566 ± 37 and 237 ± 22 pg/ml, respectively. AMH was higher in Katahdin replacement females than Dorset and Suffolk replacement females (P < 0.001). AMH decreased linearly with age (Figure 1a; P = 0.03) in Dorset/Texel replacements with age but there was no relationship between age and AMH in Katahdin replacement females (Figure 1b).

3.2 Relationship between concentration of AMH and reproductive outcomes in Dorset and Katahdin replacement females 

There was a significant interaction of breed x AMH on conception rate (Table 2: P = 0.02) and lambing to the first service (Table 2; P = 0.01). More Katahdin replacement females with HIGH AMH conceived (P = 0.005; 90.0 ± 13.0 vs. 41.6 ± 11.9 %) and lambed to the first service period (P = 0.004; 90.6 ± 15.4 vs. 31.5 ± 13.6 %) compared to Katahdin females with LOW AMH. However, conception rate and proportion of females lambing to the first service did not differ among Dorset replacement females with LOW, MEDIUM and HIGH AMH. 
Dorset replacement females (Table 3) had a higher estrous response (P = 0.01), pregnancy rate to first service (P = 0.002), pregnancy rate to second service (P = 0.002), prolificacy to first service (P = 0.03), percentage lambed (P < 0.001) and lambing rate (P < 0.001) than Katahdin replacement females. In addition, Dorset females tended to have a higher conception rate (P = 0.08) and overall prolificacy (P = 0.09) than Katahdin females. 
More replacement females with HIGH AMH lambed to the first service period compared to females with LOW and MEDIUM AMH (Table 3; P = 0.04). Replacement females with HIGH AMH tended to have a higher conception rate (P = 0.07) lower number of days from ram introduction to lambing (P = 0.07), lambed earlier within the lambing period (P = 0.08) and lower age to first lambing (P = 0.08). 

 3.3 AMH Concentrations in plasma according to binary reproductive responses
 
AMH was higher in replacement females that conceived (P = 0.01; 471 ± 25 vs. 360 ± 37 pg/ml) compared to females that did not conceive. There was a significant interaction (Table 4; P = 0.0007) of breed x conception. Katahdin replacement females that conceived had a higher (P = 0.0008) concentration of AMH compared to Katahdin females that did not conceive. However, AMH did not differ between Dorset replacement females that conceived and Dorset females that did not conceive. 
There was a significant interaction (Table 4; P = 0.009) of breed x pregnancy to the first service on AMH. Dorset replacement females that were pregnant to the first service had a lower (P = 0.03) AMH compared to Dorset females with HIGH that did not become pregnant to the first service. 
AMH was higher in replacement females that lambed to the first service (P = 0.005; 507 ± 29 vs. 382 ± 34 pg/ml) compared to replacement females that did not lamb to the first service. There was a significant interaction (Table 4; P = 0.0009) of breed x lambing to first service. Katahdin replacement females that lambed to the first service had a higher (P = 0.0007) concentration of AMH compared to Katahdin females that did not lamb to the first service. However, AMH did not differ between Dorset replacement females that lambed to the first service and Dorset females that did not lamb to the first service. 




4.0 Discussion 

There are limited reports on the relationship between circulating concentration of AMH and reproductive variables in replacement females. The present study demonstrated that in replacement females (1) the concentration of AMH differs among breeds of sheep (2) a linear relationship exist between the concentration of AMH and age in Dorset replacement females (3) in some breeds the concentration of AMH may be a predictor of some reproductive performance variables. 
In the present study, concentration of AMH varied among Suffolk, Dorset and Katahdin breeds of sheep. AMH also has been shown to vary with breeds of cattle (Baldrighi et al., 2014; Stojsin-Carter et al., 2016).  AMH is produced by pre-antral and early antral follicles and there is a strong correlation between AFP and AMH (Batista el al., 2014; Ribeiro et al., 2014; Stojsin-Carter et al., 2016). AFP also varies across different breeds in cattle (Gimenes et al., 2009; Sartori et al., 2010) and sheep (Draincourt et al., 1986; Avdi et al., 1997; Webb et al. 1989). Therefore, intra and inter breed variations in concentration of AMH observed in sheep in this study, might be reflective of variations in the AFP. Different threshold values are used for different breeds of cattle to classify animals with low and high AFP populations (Batista et al., 2014; Guerreiro et al., 2014).  Therefore it is suggested that because of the wide inter-breed variation observed in this study, a single value to predict reproductive outcome across breeds would not be sufficient. 
The concentration of AMH decreased linearly with increasing age in Dorset/Texel replacement females. However the R2 value was 0.0178. A decline in AMH has been reported in the peripubertal period in other species. Monnaiux et al. (2013) reported that the concentration of AMH decreased between 6 months and 12 months of age in beef heifers. Lahoz et al. (2014) reported that the concentration of AMH declined between 6 and 19 months of age in Ras Aragonesa ewes, and Fanchin et al. (2003) reported a negative linear relationship between the concentration of AMH and age. In contrast, Hudson et al. (1990) reported that in humans, AMH changed quadratically with age from barely detectable at birth, increases at 11 to 19 years and decreased after 20 years of age. Visser et al. (2013) reported that AMH increased during the postnatal period up to 12 years and decreased at an older age. AMH is correlated with AFC (Ireland et al., 2009; Rico et al., 2009), the decrease in AMH observed in Dorset/Texel females may be due to the decline in AFC with increasing age. However, no relationship between age and AMH was observed in Katahdin females. Age range of the Katahdin females was small which might have precluded the determination of any relationship between age and concentration of AMH in this study.  
More females with a high concentration of AMH tended to conceive and lamb to the first service. Previous reports observed a positive association between concentration of AMH and fertility. In sheep, Lahoz et al. (2012) reported that ewes with higher prepubertal concentrations of AMH showed a higher probability of becoming pregnant at first mating than those with a lower concentration of AMH.  In addition, ewes which failed to conceive had a lower concentration of AMH (Lahoz et al., 2012). Dairy cows with low AMH concentrations had lower pregnancy following first service and greater incidence of pregnancy loss between day 30 and 65 of gestation (Ribeiro et al., 2014) and a reduced survival rate after birth of first calf (Jimenez-Krassel et al., 2015). 
AMH is positively correlated with AFP (Ireland et al., 2009; Rico et al., 2009; Batista el al., 2014; Ribeiro et al., 2014) and oocyte yield (Majumder et al., 2010). Wiweko et al. (2016) reported that serum and follicular fluid AMH concentrations were also positively correlated with the total number of oocytes and number of mature oocytes. Takahashi et al. (2008) reported the concentration of AMH was higher in oocytes that were successfully fertilized compared to those that were not successfully fertilized. Therefore, AMH could be a reliable endocrine marker of both oocyte yield and quality (Takahashi et al. 2008; Lehman et al., 2014; Zhu et al., 2016). Further, it is tempting to suggest that replacement ewe lambs with a high concentration of AMH and a higher number of follicles (Ireland et al. 2009; Rico et al. 2009) will ovulate oocytes of better quality resulting in improved reproductive outcome. 
In contrast, low concentration of AMH was not correlated with negative reproductive outcomes in humans aged 23 to 41 years (Streuli et al., 2014; Fraisse et al., 2008) and hamsters aged 9 months (Roosa et al., 2016). Smeenk et al. (2007) reported that basal AMH is not related to embryo quality or to the probability of achieving pregnancy in humans. This indicates that a single factor is not sufficient to predict pregnancy outcome across all species and physiological states. 

5.0 Conclusion 

In conclusion, a single measure of concentration of AMH of replacement females may be a useful tool to select replacement females with a high reproductive performance. However, it is important to consider breed when developing threshold values to delineate the potential for high and low reproductive outcome as the concentration of AMH varies among breeds of sheep, 



Table 1. Concentration of AMH used to classify animals as low, medium and high and total number of animals for experiment 1 and experiment 2.  

	Breed
	Concentration of AMH (pg/ml)

	N

	
	Low
	Medium
	High

	

	Dorset
	< 227 (n = 89)
	227 – 447 (n = 89)
	> 447 (n = 60)
	238


	Katahdin
	< 403 (n = 24)
	403 – 728 (n = 33)
	> 728 (n = 20)
	77


	Suffolk
	< 164 (n = 17)
	164- 311 (n=18)
	> 311 (n= 9)
	44

















[bookmark: _Toc480640407]Table 2. Effect of breed (Dorset/Texel Crosses, n = 238 and Katahdin, n = 77) and concentration of AMH (Low, Medium and High) on reproductive responses of replacement females. Values are least square means ± SEM. Significant interaction P < 0.05.

	  Reproductive Variable
	Breed of Replacement female (B)
	P-value

	
	Dorset/Texel Cross
	Katahdin
	

	
	Concentration of AMH (pg/ml)
	

	
	Low
	Medium
	High
	Low
	Medium
	High
	Interaction
(B x AMH)

	Conception rate (%)a

	81.2 ± 5.0
	84.1 ± 4.9
	75.7 ± 6.7
	41.6 ± 11.9
	66.6 ± 10.7
	90.0 ± 13.0
	0.02

	Pregnancy rate (%) 1st serviceb

	61.8 ± 5.3
	64.9 ± 5.1
	46.4 ± 6.3
	25.7 ± 10.8
	34.2 ± 9.0
	46.8 ± 11.0
	0.07

	Prolificacy 1st servicec

	1.34 ± 0.08
	1.23 ± 0.07
	1.32 ± 0.1
	1.03 ± 0.23
	1.04 ± 0.17
	1.03 ± 0.17
	0.09

	Lambing to 1st service (%)d

	59.4 ± 6.7
	68.1 ± 6.1
	53.6 ± 7.8
	31.5 ± 13.6
	62.4 ± 13.7
	90.6 ± 15.4
	0.01


aNumber of replacement females diagnosed pregnant as a percentage of ewe lambs marked by rams
bNumber of replacement females diagnosed on day 30 to 35 as a percentage of all ewe lambs exposed to rams
cLambs born per replacement female lambing to the first service period (first 14 days of lambing season)
dProportion of replacement females lambing by day 14 of the lambing period




	Reproductive Response
	Breed of Replacement Female

	Concentration of AMH (pg/ml)
	P-Value

	
	Dorset/Texel Cross
	Katahdin

	Low
(L)
	Medium (M)
	High
(H)
	Breed
	AMH
H vs. L


	Estrous Response (%)a

	71.5 ± 3.0
	54.4 ± 5.9
	67.8 ± 5.5
	64.1 ± 4.8
	56.9 ± 5.9
	0.01
	NS

	Conception rate (%)b

	80.3 ± 3.2
	66.1 ± 7.2
	61.4 ± 4.4
	75.3 ± 5.9
	82.8 ± 7.3
	0.08
	0.07

	Pregnancy rate (%) 1st servicec

	57.7 ± 3.3
	35.6 ± 6.2
	43.8 ± 5.9
	49.6 ± 6.3
	46.6 ± 6.3
	0.002
	NS

	Pregnancy rate (%) 2nd serviced

	82.3 ± 2.7
	63.0 ± 5.3
	74.2 ± 5.0
	72.2 ± 4.5
	71.5 ± 5.3
	0.002
	NS

	Prolificacye

	1.18 ± 0.04
	1.03 ± 0.08
	1.11 ± 0.07
	1.10 ± 0.07
	1.09 ± 0.07
	0.09
	NS

	Prolificacy 1st servicef

	1.30 ± 0.05
	1.03 ± 0.11
	1.19 ± 0.12
	1.13 ± 0.09
	1.17 ± 0.09
	0.03
	NS

	Lambing to 1st service (%)g

	60.4 ± 4.0
	61.5 ± 8.4
	45.5 ± 7.5
	65.2 ± 7.4
	72.1 ± 8.6
	NS
	0.04

	Lambed (%)

	68.7 ± 3.1
	41.0 ± 5.9
	60.5 ± 5.5
	51.9 ± 5.0
	52.1 ± 6.0
	< 0.001
	NS

	Lambing rate (%)h

	83.9 ± 4.2
	39.9 ± 8.1
	68.2 ± 7.6
	58.7 ± 6.8
	58.7 ± 8.1
	< 0.001
	NS

	Ram introduction to lambing (d)i

	155.9 ± 0.9
	159.04 ± 2.0
	160.7 ± 1.7
	155.4 ± 1.7
	156.3 ± 2.0
	NS
	0.08

	Lambing day (d)j

	14.6 ± 0.9
	13.6 ± 2.0
	17.4 ± 1.8
	12.1 ± 1.8
	12.8 ± 2.0
	NS
	0.08

	Age to first lambing (d)

	398.61 ± 1.71
	401.60 ± 1.9
	403.3 ± 1.7
	398.2 ± 1.7
	398.8 ± 2.0
	NS
	0.08


Table 3.  Main effects of breed (Dorset/Texel crosses, n = 238 and Katahdin, n = 77) and concentration of AMH (Low, Medium and High) on reproductive responses of replacement females. Significant difference P < 0.05.
fLambs born per replacement female lambing to the first service period (first 14 days of lambing season)
gProportion of replacement females lambing by day 14 of the lambing period
hLambs born per replacement female exposed 
IMean number of days from ram introduction to lambing 
JMean day replacement female gave birth within the lambing period (day 1 = day the first ewe lambed). 

aNumber of replacement females marked by rams of all ewe lambs exposed
bNumber of replacement females diagnosed pregnant as a percentage of ewe lambs marked by rams
cNumber of replacement females diagnosed on day 30 to 35 as a percentage of all ewe lambs exposed to rams
dNumber of replacement females diagnosed on day 50 to 55 as a percentage of ewe lambs not pregnant on day 30 -35
eLambs born per replacement female lambing 





Table 4. The relationship between concentration of AMH and reproductive responses in Dorset/Texel crosses (n = 238) and Katahdin breed (n = 77) ewe lambs. Values are least square means ± SEM. Significant difference and interaction P < 0.05.
	Reproductive Response
(RR)
	Breed of Replacement Female

	P – Value

	
	Dorset/Texel Cross

	Katahdin
	

	
	Incidence of Event 
AMH Concentration (pg/ml)
	Reproductive Response
(RR)

	Breed
(B)
	Interaction
(B X RR)

	
	Yes
	No
	Yes

	No
	
	
	

	Estrous Response

	316.30 ± 18.7
	395.8 ± 31.3
	559.2 ± 40.8
	571.70 ± 39.2
	NS
	< 0.001
	NS

	Conceptiona
	313.0 ± 19.0
	355.5 ± 39

	629.8 ± 47
	365.5 ± 64
	0.01
	0.0006
	0.0007

	Pregnancy to 1st serviceb
	315.9 ± 21.1
	384.7 ± 25.3

	632.8 ± 51
	519.0 ± 37
	NS
	< 0.001
	0.009

	Lambing to 1st servicec
	330.4 ± 24.3
	354.7 ± 30.7

	683.3 ± 52.7
	408.7 ± 62.0
	0.005
	< 0.001
	0.0009

	Lambed

	335.3 ± 20.1
	362.5 ± 30.4

	534.8 ± 42.8
	573.2 ± 45.5
	NS
	< 0.001
	NS


aNumber of replacement females diagnosed pregnant and  marked by rams 
bNumber of replacement females diagnosed pregnant on day 30 to 35 of all ewes exposed to rams
cNumber of replacement females lambing by day 14 of the lambing period 






(a) Dorset Replacement Females



(b) Katahdin Replacement Females 




Figure 1. Effect of age on the concentration of AMH in (a) Dorset (n = 238) and (b) Katahdin (n = 77) replacement females. Each circle represents data from one ewe lamb. 
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