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average carcass weight, average daily gain, and days 
first market (Table 1). In this dataset, infection with M. 
hyopneumoniae resulted in increased medication cost, 
decreased growth rate and carcass weight, leading to 
reduced production efficiency, which can ultimately 
compromise pork production sustainability. A syner-
gistic effect of co-infection of M. hyopneumoniae and 
PRRSV was observed. The timing of peak disruption 
in production performance parameters was evidenced 
several months post the initial M. hyopneumoniae out-
break. Results from this study suggest that the impact 
of swine diseases on sustainability of pork production 
requires analysis of commercial farm data as produc-
tion dynamics are not usually captured in the scientific 
literature. 1Pieters M., Maes D. (2019). In: Diseases of 
Swine. 11th Ed. Blackwell Pub. J. Wiley & Sons, Inc. 
2Capper, J. (2023). One Health Outlook, 5(1). 3Krebs, S. 
et al. (2024). Proc. of ASAS, Calgary, Canada.
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Abstract: Beef heifer reproduction management at 
the NDSU Dickinson Research Extension Center 
is evaluating non-traditional production manage-
ment procedures. Using a synchronized fixed-time AI 
procedure, drylot control heifers with cleanup bulls 
(DLOT) were compared to two fixed-time grazing 
protocols without cleanup bulls. Treatments: 1) Drylot 
Control (DLOT) with clean-up bulls, 2) Grazing within 
a diverse annual forage cropping system (IAF – no 
clean-up bulls), and 3) Grazing native range (NR – no 
clean-up bulls). For finishing of non-pregnant heifers, 
following an 85-day pregnancy determination the 
heifers were transferred to the University of Wyoming 
(SAREC) feedlot and grid marketed in the meat at the 
Cargill Meat Solutions, packing plant, Ft. Morgan, 
CO. The MIXED procedure of SAS was used for data 
analysis. Abstracts for years 1 and 2 of the study have 
been previously reported. For year-3, grazing days for 
the CTL, IAF, and NR were 101-, 150-, and 150-days, 
respectively, and synchronized pregnancy rates were 
50.0, 56.0, and 50.0%, respectively. CTL cleanup bulls 
added 15.6% for total pregnancy of 65.6%. Grazing 
ADG was greater for IAF heifers (0.84 kg, P=0.001) 
compared to the CTL and NR (0.63, 0.64 kg), respect-
ively. Non-pregnant CTL, IAF, and NR feedlot heifer 
performance for start weight (CTL 448, IAF 487, NR 
474 kg, P=0.07), end weight (CTL 650, IAF 646, NR 
670 kg, P=0.58), gain (CTL 201.4, IAF 158.8, NR 
195.9 kg, P=0.11), and ADG (CTL 2.05, IAF 1.62, NR 
2.0 kg, P=0.11) did not differ. Daily DM feed intake 
was greater for CTL (19.9 kg) compared to IAF 16.7 
and NR 17.8 kg (P=0.015); however, G:F did not differ 
(CTL 0.1034, IAF 0.0970, NR 0.1124 kg, P=0.37). 
Daily feed cost for CTL, IAF, and NR was 4.03, 3.41, 
and $3.61/d, respectively. Total feed and yardage cost 
per heifer was highest for the CTL $437.77, lowest for 
the IAF $377.35, and NR was intermediate at $396.93/
heifer (P=0.025). HCW (CTL 375, IAF 372, NR 381 kg, 
P=0.73) and dressing percent (CTL 60.25, IAF 60.07, 
NR 59.31%, P=0.38) did not differ. Carcass marbling 
score (P=0.75), USDA YG (P=0.35), quality grade 
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(100% Choice or better, P=1.0), and gross carcass value 
(P=0.60) did not differ. Economically, non-pregnant 
CTL system heifers that did not settle to clean-up bulls 
had the highest net return after accounting for expenses 
of $1,313.26, compared to $900.91 for the integrated 
system and $1,041.64 for the native range system. 
Reduced net return for the IAF was due to farming, 
feedlot feed and yardage, and freight. Similarly, the NR 
system net return was reduced due to feedlot feed and 
yardage as well as freight to the feedlot and packing 
plant, but no farming. Each system has advantages and 
disadvantages depending on a particular ranches’ in-
frastructure and available labor.
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Abstract: Timely detection of calving events in exten-
sive cattle systems is critical to improving reproductive 
efficiency, animal welfare and overall farm manage-
ment. Traditional monitoring methods are labor in-
tensive and ineffective in large-scale extensive systems. 
This study presents a near real-time, data-driven ap-
proach to automated calving detection using GNSS 
tracking data and anomaly detection techniques. 
A structured calving detection workflow was devel-
oped consisting of seven steps: (i) Data acquisition: 
GNSS positions were transmitted from collars to ser-
vers via SigFox, GSM, or LoRa networks; (ii) data 
preprocessing: including removing positions outside 
farm boundaries (>200 m), eliminating days with in-
sufficient data, and resampling GNSS coordinates at 
30-minute intervals; (iii) indicator calculation: indi-
vidual cow behavior indicators (e.g., trajectory length, 
sinuosity, and number of trajectory segments >25 m) 
and social behavior indicators (e.g., distance to herd 
centroid, distance to nearest cow, and trajectory length 
relative to herd mates) were computed from GNSS co-
ordinates in a 24-hour moving window; (iv) indicator 
transformation: z-score normalization to standardize 
indicator values; (v) anomaly detection: identification 
of anomalies with a ± 2.5 threshold applied to z-score 
values; (vi) rolling accumulation of anomalies: adding 
anomalies over a 3-hour moving window; and (vii) 
model evaluation: calving detection performance based 
on accuracy, precision, recall, F1-score and specificity. 
The effect of varying the number of anomalies required 
to trigger a calving alarm, ranging from 1 to 20 anom-
alies accumulated over the last 3 hours, was evaluated. 
The described workflow was tested using GNSS coord-
inates of 78 grazing cows during peripartum, collected 
in two different farms in Spain. The results (Figure 1) 
showed that increasing the number of anomalies re-
quired to trigger a calving alarm improved accuracy 
(from 0.73 to 0.95) and specificity (from 0.74 to 0.99), 
reducing false positives. However, this came at the ex-
pense of recall, which dropped from 0.60 to nearly 
0.00, meaning fewer calving events were detected. F1 
score, which balances precision and recall, peaked at 
0.30 when using 11 anomalies, but declined rapidly be-
yond this threshold. These results highlight a trade-off  
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