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Induced by multiple anecdotes of local farmers associating a shorter hair coat with 
greater productivity in dairy cows, the author’s group has dedicated the last four years 
to characterizing Puerto Rican dairy cattle according to hair coat type. Based on these 
efforts we have established that Puerto Rican slick-haired dairy cows (SLICK) demon-
strate superior adaptation to tropical weather than their wild type-haired counterparts 
(WT; Castro et al., 2015; Sánchez et al., 2015; Sánchez-Rodríguez et al., 2016; Sánchez 
and Domenech, 2018). This thermoregulatory advantage has been associated with great-
er reproductive (personal communication with Rafael López, dairy farmer of Camuy, 
Puerto Rico) and productive performance (Contreras-Correa et al., 2016). It is known 
that a shorter hair coat allows for greater heat dissipation (Hansen, 2004), which may 
positively impact productivity in cattle. However, such superiority should be multifacto-
rial in nature. For instance, it has also been determined that Puerto Rican SLICK cows 
have larger sweat glands than their WT relatives (Contreras-Correa et al., 2017; Muñiz-
Cruz et al., 2018), similar to other cattle breeds highly adapted to the tropics (Hansen, 
2004). In addition to a shorter hair coat, others have suggested a larger hair diameter as 
one of the adaptations of tropical cattle (Gaughan et al., 2009). However, such a charac-
teristic had not been evaluated by the author’s group. Another group at UPR-Mayagüez 
measured hair length and width (Jiménez-Cabán et al., 2015). The present study aimed 
to compare hair diameter values between SLICK and WT Puerto Rican Holstein cows.

Following aseptic procedures, a skin biopsy (6 mm in diameter; Integra, Miltex Standard 
Biopsy Punches, Plainsboro, NJ)4 was collected immediately cranial to the right shoulder 
from 15 SLICK and 19 WT Puerto Rican Holstein cows injected with a local anesthesia. All 
cows were obtained from the lactating herd at the Agricultural Research Station in Lajas, 
Puerto Rico. The skin biopsies were fixed in 10% formalin in individual biopsy cassettes 
(Shandon Biopsy Processing/Embedding Cassettes) previously identified by cow and hair 
coat type. Cows were phenotypically selected and genomically confirmed for hair coat type. 
The fixed biopsies were individually photographed by a Canon EOS 7D Mark II camera and 
the Camlift V2.7.0 software. The Zerene Stacker (64-bit) software was used to compress mul-
tiple photographs of each biopsy. A measurement scale of 0.5 mm was set by Photoshop 6.0 

1Manuscript submitted to Editorial Board 10 September 2018.
2The author acknowledges José Almodóvar (University of Puerto Rico at Mayagüez 

Campus, Department of Biology) for his assistance with the biopsy photographs, and 
Juliana Nieves, Melanie Rivera, Victoria Blas, Yaneska Sein and Carolina Luciano for 
taking the hair diameter measurements.
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(Adobe, San Jose, CA). Hair diameter was measured at the base of five hairs (perpendicular 
to the hair shaft; Figure 1) in each biopsy by the ImageJ software (v. 1.31; accessible free 
from http://rsbweb.nih.gov/ij/). The hairs to measure in each biopsy were randomly selected 
by the author, so that the same five hairs were independently evaluated by five different 
technicians (a total of 25 diameter values / skin biopsy were obtained). The obtained hair di-
ameters were averaged by each skin biopsy – technician combination, resulting in a dataset 
containing five diameter values per cow. Normal distribution was verified by the Proc Uni-
variate, and comparisons between hair coat types were carried out by Proc GLIMMIX, both 
in SAS. Hair diameter and hair coat type were included as the dependent variable and fixed 
effect in the model, respectively. The cow identification and technician name were considered 
random effects. Significant differences were established at a P ≤ 0.05.

In this study, no differences in hair diameter were observed between SLICK and 
WT Puerto Rican Holstein cows (0.0858 ± 0.0014 and 0.0838 ± 0.0015 mm, respectively; 
P=0.6291). Respective hair diameter ranges of 0.0555 to 0.1182 mm and 0.0590 to 0.1208 
mm were observed. Table 1 shows a literature review of the hair diameter values previ-
ously published by others who evaluated tropically adapted Holstein cattle from Brazil 
(Bertipaglia et al., 2005; Campos et al., 2005a, 2005b; Campos et al., 2009). In our study, 
the mean hair diameter values observed in both the SLICK and the WT cows fall within 
the range of those in the literature. Based on assumptions made from the literature, 
Campos et al. (2005a, 2005b) suggested that hair diameter should be larger in tropically 
adapted than in temperate cattle breeds. According to the present study, however, the 
Puerto Rican WT and SLICK cows had similar hair diameters, and both hair coat group 
values were similar to those previously published in the literature for tropical Holstein 
cattle, suggesting that considerable adaptation to hot weather has also been achieved 
by the Puerto Rican WT group. The term adaptation has been defined by Bligh and 
Johnson (1973) as “a change which reduces the physiological strain produced by a stress-
ful component of the total environment” that may be “the result of genetic selection.” 
Thus, because substantial importations of Holstein cattle to Puerto Rico began during 
the 1950s (Sánchez-Rodríguez, 2019) and the experimental animals were obtained from 
a closed herd (i.e., with no introductions of cattle for considerable time), adaptation 
through multiple generations of selection may be reasonably expected in both hair coat 
groups, probably resulting in the observed similar hair diameter values. Much like the 

FIGURE 1. One of the skin biopsies evaluated from a slick-haired cow (A) and its mag-
nification showing the longitudinal caliper used to measure the hair diameter (B, see ar-
rows). Note that calipers were placed perpendicular to the hair shaft and at the base of the 
hair. Hairs were clipped to facilitate cleaning and disinfection during biopsies sampling.
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anecdotes of Puerto Rican dairy farmers regarding the reproductive performance of their 
cattle, in the tropical Holstein cows evaluated by Bertipaglia et al. (2005) and Campos 
et al. (2005b), a shorter hair coat resulted in superior fertility; however, hair diameter 
was not associated with reproductive performance in these studies. The analysis of hair 
samples from Holstein cows imported from northern United States at the time of arrival 
in Puerto Rico may help to clarify this theory.
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