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A B S T R A C T

Decreased genetic diversity and possible inbreeding depression have recently been documented in the last wild 
ocelot (Leopardus pardalis) population in the United States. One consequence of inbreeding depression in felids 
may be reduced semen quality which can adversely affect reproductive potential. Detailed assessments of 
reproductive parameters in wild individuals and populations can be conducted using assisted reproductive 
technologies, such as semen collection and analysis. For most felid species, semen has traditionally been collected 
via electroejaculation (EEJ2); however, an alternative method has been developed using alpha-2 agonist drugs to 
induce direct sperm release into the urethra, allowing collection by catheterization without requiring specialized 
equipment. The goal of this study was to characterize normative reproductive traits in free-ranging ocelots and 
co-occurring bobcats (Lynx rufus) in southern Texas and assess the effectiveness of urethral catheterization (UC3) 
for semen recovery in both species. For semen collection, free-ranging cats were live-captured and anesthetized 
using intramuscular ketamine and medetomidine/dexmedetomidine (alpha-2 agonist) with UC conducted 
20–40 minutes post-induction. In ocelots only, EEJ was subsequently performed if UC failed to recover a viable 
sample. Semen collection was attempted in 31 felids (n=9 ocelots; n=22 bobcats), with sperm recovery by UC in 
seven of nine ocelots (78 %) and 14 of 22 bobcats (66 %), and by EEJ in four of five ocelots (80 %). For ocelots, 
the percentage of primary morphologic abnormalities was higher (p<0.001) for UC (47.75 ± 6.7; mean ± SEM) 
compared to EEJ (9 ± 2.7) but percent normal morphology (MORPH) did not differ between UC and EEJ 
(p=0.218). In wild ocelots, seminal parameters appeared lower relative to historical values reported for zoo- 
managed ocelots, possibly related to reduced heterozygosity. In wild bobcats, seminal traits were inferior to 
those of ocelots but similar to reports for other zoo-managed Lynx species. In conclusion, detailed male repro-
ductive traits have been characterized for the first time in wild, free-ranging ocelots and bobcats in southern 
Texas. Although UC allowed semen recovery for assessment of seminal traits in both species, EEJ produced 
higher quality samples in ocelots when applied after UC while also mitigating the adverse impact of urine 
contamination observed frequently with both collection methods.
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1. Introduction

Several wild felid populations have been found to exhibit low levels 
of genetic heterozygosity, including in southern Texas, where evidence 
of decreased genetic diversity and inbreeding were recently documented 
in ocelot (Leopardus pardalis) populations [1–5]. Genetic drift and 
inbreeding can compromise fitness and interact with demographic sto-
chasticity to further reduce population viability [6–8]. The small ocelot 
population in Texas (estimated to be < 80 individuals), coupled with its 
isolation and fragmentation, has enabled genetic drift and inbreeding, 
leading to lower genetic diversity when compared to larger connected 
ocelot populations [2]. Although bobcats (Lynx rufus) in southern Texas 
have greater genetic diversity than ocelot populations found in the same 
region, bobcats living along the Lower Rio Grande Valley have shown 
relative declines in genetic variation [9]. Bobcats occur throughout the 
US, extending from southern Canada to northern Mexico [10], and are 
currently listed by the IUCN4 as a species of least concern and a stable 
global population [11]. Bobcat populations in some regions, however, 
may be adversely affected by loss of habitat, as well as disease and 
intensive trapping, raising some concerns about the future sustainability 
of some populations throughout their range.

One possible consequence of inbreeding in wild felids is the reduc-
tion of semen quality, ultimately decreasing breeding success and 
accelerating population decline. Reproductive examinations and semen 
analysis allow detailed descriptions of male reproductive traits to assess 
the possible impact of inbreeding depression on various aspects of 
seminal quality and viability. Basal reproductive traits typically char-
acterized in male felids include testicular volume, ejaculate volume, 
sperm concentration, percent motility and rate of forward progression, 
penile and sperm morphology, acrosome status, and serum and fecal 
testosterone concentrations. In other wild felid populations exhibiting 
reduced genetic variation, a variety of compromised seminal qualities 
have been observed including increased percentages of structurally 
defective spermatozoa [4,12–14], reduced sperm concentration [14], 
decreased total motile sperm numbers [5] and higher percentages of 
acrosomal defects that render sperm deficient in fertilization potential 
[5,15,16]. This decrease in semen quality may impair successful 
conception, ultimately limiting further population growth and leading 
to extinction.

Although assisted reproductive technology (ART5), specifically 
semen collection and analysis, are valuable for conducting detailed as-
sessments of reproductive traits in felids, these techniques may be 
difficult to apply in the field with free-ranging cats, requiring some 
modification for practical in situ use [17]. Reproductive evaluations are 
an important component of managed breeding programs for felids in 
zoos, applying assisted reproductive techniques developed initially in 
domestic cats to their wild relatives [18–20]. In domestic cats, the most 
common methods used for semen collection are electroejaculation (EEJ) 
[16,21] and voluntary ejaculation using an artificial vagina (AV6) [22, 
23]. Although AV use has been reported for a single zoo-housed cheetah 
(Acinonyx jubatus) [24], this method is impractical for most free-ranging 
wild felids. In contrast, electroejaculation has been performed success-
fully in domestic cats for over 40 years and has been applied to virtually 
every non-domestic felid species [25–28] maintained in zoos, ranging in 
body size from the tiger (Panthera tigris) down to the black-footed cat 
(Felis nigripes) [28], as well as in free-ranging wild felids, including 
cheetahs, jaguars (Panthera onca) and lions (Panthera leo) [29]. Elec-
troejaculation has been the method of choice in all wild cat species [12, 
15,30,31]; however, it can be challenging to apply in the field due to the 
need for costly equipment, species-specific rectal probes, and technical 
expertise. Furthermore, misconceptions about safety issues and possible 

tissue damage have hindered technique approval by ethical-scientific 
committees in some countries [27,32]. Broader application of semen 
collection and analysis for study and management of free-ranging 
wildlife populations, such as ocelots and bobcats, could benefit from 
development of simpler, more cost-effective semen recovery methods. In 
particular, a pharmaceutical-based approach for inducing sperm release 
directly into the urethra (without electrical stimulation) has been 
gaining credibility as an alternative semen collection method for felids 
and other mammalian species.

The use of pharmacologic agents for ejaculation and semen collec-
tion has been demonstrated over the past two decades in a variety of 
domestic species including horses [33–35], cats [36], and dogs [37]. 
One group of pharmaceuticals, alpha-2 adrenergic agonists (α2 ago-
nists7), are reported to influence erection [38,39] and the ejaculatory 
reflex [39] and cause contraction of smooth muscle within the vas def-
erens [40], forcing semen into the pelvic urethra [27]. Conveniently, 
field-based studies in non-domestic felids routinely use potent α2 ago-
nists, such as medetomidine or dexmedetomidine, in combination with 
other pharmaceutical agents for anesthesia.

Urethral catheterization (UC) of male cats following medetomidine 
sedation has allowed recovery of high sperm numbers in domestic cats 
[36], jungle cats (Felis chaus) [41], Amur leopard cats (Prionailurus 
bengalensis) [42], lions [43], and several other non-domestic felid spe-
cies [44,45]. Due to the absence of seminal fluids, semen collected by UC 
usually has been characterized by a lower volume, higher sperm con-
centration, and lower pH compared to samples collected by EEJ. How-
ever, following semen freezing, post-thaw sperm parameters are similar 
for the two methods of collection [36]. Urethral catheterization con-
ducted under medetomidine sedation, if proven to be equally effective as 
EEJ across cat species, may become the preferred semen collection 
method for global conservation efforts with imperiled wild felids.

Our objectives were to evaluate reproductive traits of free-ranging 
ocelots and bobcats in southern Texas for the first time to gain insight 
into their normative reproductive values while, concurrently, assessing 
the feasibility of UC with medetomidine-based anesthesia for semen 
collection of both species in a field setting. Study results will provide the 
first basal seminal data in wild ocelots and bobcats and possibly provide 
insight into the relationship of genetic diversity and reproductive traits 
in both species. Further, if semen collection by UC provides reliable 
seminal data from free-ranging ocelots, this approach may allow us to 
broaden our evaluations of other ocelot populations more easily.

2. Materials and methods

2.1. Animals

Wild male cats (n=31), representing 2 species from 2 genera (Leop-
ardus: ocelot, n=9; Lynx: bobcat, n=22) were assessed in this study. 
Free-ranging felids were live-trapped using modified Tomahawk traps 
(Tomahawk Live Trap Co., Tomahawk, Wisconsin, USA) on private 
ranches in Willacy and Kenedy counties in southern Texas and the 
Laguna Atascosa National Wildlife Refuge (LANWR) from December to 
April each year from December 2019 to May 2022. For most captures, a 
separate hardware cloth extension, measuring 51 cm×38 cm x 51 cm, 
was attached to the distal end of the trap to hold live prey (i.e., a pigeon 
or small chicken provided with water and feed ad libitum). Traps were 
checked each morning following sunrise to ensure evaluation and 
release of captured animals by early to mid-afternoon. All animal use 
was reviewed and approved by and in accordance with the Institutional 
Animal Care and Use Committee (IACUC) at Texas A&M University- 
Kingsville (TAMUK), Caesar Kleberg Wildlife Research Institute 
(CKWRI), and the University of Tennessee- Knoxville. The study protocol 
also was reviewed for permitting under the Endangered Species Act by 

4 International Union for Conservation of Nature
5 Assisted Reproductive Technology
6 Artificial vagina 7 Alpha 2 adrenergic agonists
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the United States Fish and Wildlife Service (USFWS).

2.2. Semen collection and reproductive assessment

Male ocelots and bobcats were anesthetized and maintained at a light 
anesthetic plane for semen collection. The anesthetic protocol consisted 
of an injectable combination of ketamine hydrochloride (target dosage: 
ocelot, 4–8 mg/kg bodyweight; bobcat, 2.5–5 mg/kg bodyweight; 
Wedgewood Pharmacy: Wildlife Pharmaceuticals, Inc.; ZooPharm, 
Swedesboro NJ; and Henry Schein, Inc., Marlborough, MA) and mede-
tomidine hydrochloride (target dosage: ocelot, 0.05 mg/kg bodyweight; 
bobcat, 0.06 mg/kg bodyweight; Wedgewood Pharmacy: Wildlife 
Pharmaceuticals, Inc. and ZooPharm, Swedesboro NJ) or dexmedeto-
midine (target dosage: 0.05 mg/kg bodyweight; Henry Schein, Inc., 
Marlborough, MA) given intramuscularly (IM) via pole syringe or hand 
injection followed by partial reversal with atipamezole (IM) (target 
dosage: 5 mg of atipamezole for every 1 mg of medetomidine given or 
10 mg of atipamezole for every 1 mg of dexmedetomidine given; 
Wedgewood Pharmacy: Wildlife Pharmaceuticals, Inc.; ZooPharm, 
Swedesboro NJ; and Henry Schein, Inc., Marlborough, MA). Fasting 
prior to the anesthetic event was not possible due to the free-ranging 
nature of the felids; however no negative effects were noted. Body 
temperature, heart rate, and respiratory rate were monitored 
throughout the procedure for all felids; and pulse oximetry, jaw tone, 
and capillary refill time were additionally monitored in all but one of the 
procedures conducted at LANWR.

Both testicles were palpated by hand for firmness and recorded on a 
1–3 scale: 1) hard 2) normal and 3) flaccid. Length and width of each 
testicle was measured in millimeters using calipers (Fig. 1), the volume 
of each testis (left, L, and right, R) was calculated using the following 
elliptical equation: length (L) X width (W)2 X 0.524 (LTVOL; RTVOL) 
and volume of each added together for the total testicular volume 
(TTVOL, cm3). Relative testicular weight (RTWT) was calculated as total 
testicular volume (cm3) per kg of body weight. Approximately 
20–40 minutes post anesthetic injection, the penis was extruded with 
manual manipulation using sterile gloves, debris removed with a water- 
soaked gauze and the glans penis examined for the presence or absence 
of penile spines (Fig. 1) and hygiene. A sterile 3.5 or 5 French (1.2 or 
1.7 mm diameter, respectively) modified open-ended urinary catheter 
was lightly lubricated (HR Lubricating Jelly, HR Pharmaceuticals Inc., 
York PA) and advanced approximately 13–15 cm into the urethra 

(Fig. 1), left in place for 30 seconds and then slowly removed [36]. For 
most ocelots, if no ejaculate was recovered by UC or the sample was 
nonviable, one to three series of electroejaculation (EEJ) (2–5 V; 10 
stimulations per series) were performed using a standardized technique 
[46] with slight modification in probe size, number of stimuli, and 
collection sets based on each species [47,48,51]. Electroejaculation was 
not applied during the first two years of the project timeline due to 
permitting constraints.

In the field, the recovered catheter sample was transferred into an 
Eppendorf vial using air pressure from a one ml syringe. Seminal volume 
(VOL) was measured using a micro-pipettor and an aliquot was initially 
assessed for the presence or absence of spermatozoa using microscopy 
(100X). For spermic samples, motility (percent progressively motile, 
PPM; 0–100 %) and rate of forward progressive motility (FPM; scale of 
0–5, with 0 being non-motile and 5 being rapid forward progression) 
were evaluated microscopically (100X) using raw aliquots from each 
sample [46]. Urine contamination was determined by pH (≤6.5; Col-
orpHast # 9583, EMD Chemicals Inc. Darmstadt, Germany), discolor-
ation, and low motility (<10 %) and rate of forward sperm progression 
(1/5). A subset of raw semen (1–3 µL) was fixed in 49 µl of 0.3 % 
glutaraldehyde and later assessed in the laboratory with phase contrast 
microscopy at 400X magnification (100–200 sperm/sample) to deter-
mine the percentage of spermatozoa with normal morphology (MORPH) 
(Fig. 2). Sperm morphology was documented on a Zeiss Axioskop 
Fluorescent microscope equipped with an AxioCam 202 monocolor 
camera using positive phase contrast 40X objective or a 100X objective 
with oil. An aliquot of raw semen was diluted in water (1:400) to 
determine sperm concentration (CONC) using a hemocytometer. Total 
sperm per ejaculate (TSE) was calculated by multiplying the VOL and 
CONC. Another aliquot (4 µl) of raw semen was spread onto a micro-
scope slide and dried at ambient temperature in the field, and then later 
stained in the laboratory with fluorescein isothiocyanate-peanut 
agglutinin (Sigma-Aldrich Corporation, St. Louis, MO), and assessed 
with fluorescence microscopy (100–200 sperm/sample) to determine 
percentage of intact acrosomes (ACRO) [49]. Acrosome status was 
classified as intact, partially intact, or non-intact (Fig. 3); and was 
assessed using fluorescence (excitation 465–495/emission >515) on a 
Zeiss Axioskop Fluorescent microscope equipped with AxioCam ERc5s. 
All images were obtained and processed using Zen 3.1 (blue edition; Carl 
Zeiss Microscopy GmbH, Germany). The remaining raw semen from 
each male was diluted (1:1 – 1:5) in warmed Feline Optimized Culture 

Fig. 1. Testicular parameters, penile morphology, and urethral catheterization in ocelots and bobcats in southern Texas from 2019 to 2022. (a) keratinized spines on 
the glans penis of an ocelot (Leopardus pardalis); (b) lack of keratinized spines on the glans penis of a bobcat (Lynx rufus); width and length of a testis as measured by 
calipers on an ocelot (c, d) and bobcat (e, f); (g, h) urethral catheterization of a bobcat.
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Medium (FOCM) with HEPES [50] in the field and transported to the 
laboratory at ambient temperature for further processing for sperm 
cryopreservation (data not shown).

2.3. Fecal and serum testosterone analyses

2.3.1. Fecal and serum sample collection and processing
Fecal and serum samples were collected from wild individuals 

anesthetized for semen collection and physical exam. Fecal samples 
were collected after natural voiding within the trap or by rectal palpa-
tion with a lubricated gloved finger. Blood samples were collected using 
cephalic or jugular venipuncture and serum samples recovered from clot 
tubes post-centrifugation. Samples were transferred into cryovials and 
stored at − 20 ◦C until processing. Fecal samples were lyophilized using a 
freeze dryer (Virtis, Gardener, NY, USA) in their cryovials, pulverized 
into a fine powder, and then weighed (250± 5 mg) into labeled 15 ml 
polypropylene conical tubes. Each of the samples was then extracted by 
adding 2.5 ml of 90 % ethanol (1:10 w:v) overnight on a mechanical 
rocker (≥12 h). Extracted samples were then centrifuged (1000 g, 
15 min), supernatants were pipetted off and samples stored in 2.0 ml 
cryovials at − 20 ◦C until analysis. Serum samples were thawed, diluted 
in diethyl ether at 1:5, vortexed for 30 seconds, and placed in a − 80 ◦C 
freezer for 10 min. The ether was then poured off into separate tubes 
that were placed under a vacuum in a fume hood until dry (~ 1 h), and 
then allowed to sit overnight. The samples were reconstituted at a 1:1 
dilution with EIA buffer (45.2 mM NaH2PO4, 61.0 mM Na2HPO4, 
148 mM NaCl, 0.1 % BSA, 0.0001 % Proclin 150, 863.5 mM Tween 20) 
and stored in 2.0 ml cryovials at − 20 ◦C until analysis.

2.3.2. Enzyme immunoassays
A testosterone assay kit (ISWE001, Arbor Assays Testosterone Mini- 

kit, Ann Arbor, MI) was used to determine androgen levels, following the 
standardized kit protocol with included antibody and horseradish 
peroxidase (HRP). Cross reactivities for anti-testosterone antibody were 
testosterone 100 %, dihydrotestosterone 35.4 %, progesterone 0.024 %, 
corticosterone <0.004, cortisol <0.004, cortisone <0.004, and 17β- 
estradiol <0.004.

2.3.3. Fecal testosterone analysis
For ocelot fecal analysis, small aliquots of extracted sample were 

assessed in the assay from 1:80 – 1:250 dilution as determined by the 
parallelism for fecal testosterone in ocelots (1:16 – 1:512, R2 = 0.999). 
There was significant recovery (average of 74.4 %) of exogenous 
testosterone added to ocelot fecal extracts (y = 0.99x+0.149, R2 =

0.998). An inter-assay coefficient of variation (CV) of equal to or less 
than 10 % was observed, with an intra-assay CV of 12.3 %. For bobcat 
fecal analysis, small aliquots of extracted sample were evaluated in the 
assay from 1:25–1:50 as determined by the parallelism for fecal testos-
terone in bobcats (1:4 – 1:512, R2 = 0.999). There was significant re-
covery (average of 76.84 %) of exogenous testosterone added to bobcat 
fecal extracts (y = 1.16x+0.22, R2 = 0.999). An inter-assay CV of ≤10 % 
and an intra-assay CV of 12.3 % was observed.

2.3.4. Serum testosterone analysis
Small aliquots (50 µl) of extracted serum samples were evaluated 

without further dilution in the testosterone assay as determined by 
parallelism for serum testosterone in ocelots (neat – 1:4, R2 = 0.999). 
There was significant recovery (average of 78.75 %) of exogenous 
testosterone added to ocelot serum extracts (y = 1.0x+0.139, R2 =

0.998), and (average of 76.25 %) for bobcats (y = 1.0x+0.13, R2 =

0.999). The testosterone assay was incubated for 2 hours, plates were 
then run through a plate washer (AquaMax 2000, Molecular Devices, 
San Jose, CA, USA) with wash buffer (85.9 mM Na2HPO4*7H2O, 
13.9 mM NaH2PO4*H2O, 150.06 mM NaCl, 12.73 mM EDTA, 0.09 % 
Proclin 150, 1.06 % Tween 20; diluted to 1X from 20X), and 3,3’,5,5’- 
tetramethylbenzidine (TMB, Sigma-Aldrich, St. Louis, MO, USA) was 
added to each well. After ~10 minutes of development, a solution of 3 % 
hydrochloric acid (HCl) was added to each well to stop the reaction and 
the plate was then evaluated for optical density on a plate reader 
(VersaMax Absorbance microplate reader, Molecular Devices, San Jose, 
CA, USA) at 450 nm. Samples and standards were analyzed in duplicate. 
An inter-assay CV of ≤12.5 % and an intra-assay CV of 12.3 % was 
observed.

2.4. Statistical analyses

Normality was assessed using the Shapiro-Wilk test at a 95 % con-
fidence interval. If a normal distribution was reported, the mean values 
± SEM was reported in the results. If there was a non-normal distribu-
tion, the median (minimum-maximum) values were reported in the re-
sults. Mean anesthetic dosages, total testicular volumes, total testicular 
volumes to weight ratio, and mean ejaculate characteristics were 
calculated for both species. Non-parametric comparisons between spe-
cies (for total testicular volumes, STEST, FTEST) were assessed using the 
Mann-Whitney U test for statistical significance. Parametric compari-
sons between species were assessed using independent samples t-tests 
(total testicular volume-to-weight ratios, percent normal morphology). 
Non-parametric correlations between medetomidine dosages and ejac-
ulate traits were assessed using Spearman’s rho correlation coefficient, 
whereas parametric correlations were evaluated using Pearson correla-
tion coefficient. Independent sample t-tests were used to determine if 
urine contamination affected the percentage of normal sperm 
morphology. The effect of treatment (collection method) on various 
seminal traits was assessed using mixed model analysis (ANOVA) with a 
diagonal covariance structure and cat as a random factor for ocelots. 

Fig. 2. Normal and abnormal sperm morphology documented in ocelots and 
bobcats in southern Texas from 2019 to 2022. (a) normal sperm morphology; 
primary abnormalities: (b) tightly coiled tail; and secondary abnormalities: (c) 
proximal droplet, (d) bent midpiece without a droplet, (e) bent tail.

Fig. 3. Acrosomal staining and classification. (a) Non-intact acrosome. (b) 
Partially intact acrosome. (c) Intact acrosome.
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Seasonal effects were assessed using the Kruskal-Wallis test across 
months and Mann-Whitney test across season. All analyses were per-
formed in SPSS 28 with an α= 0.05.

3. Results

3.1. Anesthesia and semen collection

From 2019–2022, 35 bobcats (22 males, 13 females) and 21 ocelots 
(9 males, 12 females) were captured, of which all captured males were 
included in this study. Mean ± SEM anesthetic dosages were as follows 
for each species: ocelot, 9.19 ± 1.01 (range 4.93–15.83) mg/kg keta-
mine, 0.062 ± 0.006 (range 0.031–0.1) mg/kg medetomidine, and 0.30 
± 0.042 (range 0.00–0.505) mg/kg atipamezole; bobcat, 4.72 ± 0.52 
(range 2.63–11.98) mg/kg ketamine, 0.07 ± 0.002 (range 0.052–0.095) 
mg/kg medetomidine, and 0.036 ± 0.027 (range 0.00–0.722) mg/kg 
atipamezole. Urethral catheterization resulted in recovery of sperm 
samples from seven ocelots in nine attempts (78 %) and 14 bobcats in 22 
attempts (64 %). Urine contamination occurred in 6 of 7 ocelot samples 
(86 %) and 6 of 14 bobcat samples (43 %). Of urine contaminated 
samples, two ocelot samples and no bobcat samples remained viable (i. 
e., retained ≥ 30 % motility). Electroejaculation resulted in recovery of 
semen from four of five ocelots (80 %) with urine contamination in two 
samples (50 %). Both of these urine-contaminated samples remained 
viable (i.e., retained ≥ 30 % motility) due to rapid dilution in culture 
medium, centrifugation (600xg for 8 minutes), and removal of the 
supernatant.

3.2. Reproductive traits

On physical exam, penile spines were documented in seven of nine 
(78 %) ocelots and zero of 22 (0 %) bobcats. No sperm was recovered 
with UC from the two ocelots lacking penile spines. These cats were 
estimated to be under two years of age and therefore reproductively 
immature. Unilateral cryptorchidism was observed in two bobcats with 
one bobcat also having a persistent penile frenulum (Appendix B: 
LB02M, EB31M; Fig. 4). Comparing cat species, total testicular volume 
(TTVOL) was greater (p<0.001) in ocelots (20.9 cm3 (range 1.85–22.66) 
than in bobcats (2.37 cm3 (range 0.47–5.25);) as was the total testicular 
volume-to-weight ratio (ocelots, 1.51 ± 0.21 cm3/kg; bobcats, 0.29 ± 
0.03 cm3/kg; p<0.001). For samples collected by UC, there was no 
correlation in either species between total testicular volume and ejac-
ulate volume (bobcat, rho= 0.165, p=0.51; ocelot, rho= 0.583, 
p=0.10), sperm concentration (bobcat, rho= 0.210, p=0.40; ocelot, 
rho= 0.214, p=0.61), and total sperm per ejaculate (bobcat, rho=
0.316, p=0.20; ocelot, rho= 0.238, p=0.57). Similarly, for EEJ samples 
in ocelots, total testicular volume was not correlated with ejaculate 
volume (rho= 0.389, p=0.52), sperm concentration (rho= 0.546, 

p=0.34), and total sperm per ejaculate (rho= 0.664, p=0.22).
Values for seminal traits are presented in Table 1. Urine contami-

nation of sperm samples collected by UC in both species and EEJ in 
ocelots did not affect the percentage of normal morphology (RAW 27.8 
± 4.6, Urine Cont. 29.4 ± 5.0; p= 0.83), therefore urine contaminated 
samples were included in morphologic analysis. For ocelots, the per-
centage of primary morphologic abnormalities was higher (p<0.001) for 
UC (47.75 ± 6.7) compared to EEJ (9.00 ± 2.7) but the percent normal 
morphology (MORPH) did not differ between UC and EEJ (p=0.22) 
(Table 1). For both species, dilution of semen in FOCM-Hepes medium 
did not improve the percentage of normal morphology (RAW = 27.8 ±
4.6, FOCM = 30.4 ± 4.1; p=0.68), primary abnormalities (p=0.96), 
secondary abnormalities (p=0.75), or total abnormalities (p=0.54). The 
most common sperm abnormality for ocelots with UC collection was 
tightly coiled tails whereas bent tails predominated with EEJ collection. 
When urine contamination occurred, bent tails were the most common 
abnormality in ocelots, regardless of collection method. For bobcats, the 
most common sperm morphological abnormality was a tightly coiled tail 
(in 93 % of males), regardless of urine presence.

Urine contamination had no effect on percent sperm motility 
(p=0.26) and rate of forward progressive motility (p=0.12) for ocelots, 
but urine decreased percent motility [p=0.014; without urine 5.5 
(0− 40); with urine 0 (0− 10)] and rate of forward progressive motility 
[p=0.013; without urine 3 (0− 4); with urine 0 (0− 3)] in bobcats.

For anesthesia, medetomidine dosage had no effect on total ejaculate 
volume (ocelot: rho= − 0.067, p= 0.87; bobcat: rho= − 0.064, p=0.80), 
sperm concentration (ocelot: rho= 0.048, p= 0.91; bobcat: rho=
− 0.142, p=0.57), or sperm per ejaculate (ocelot: rho= 0.190, p= 0.65; 
bobcat: rho= − 0.243, p=0.33) for either species. When assessing sea-
sonality, differences were examined at the month level (Dec through 
Apr) and seasonal level [Winter (December-February) and Spring 
(March-April)]. For ocelots, neither month (M) or season (S) affected the 
total ejaculate volume (M: p=0.13; S: p= 0.19), sperm concentration (M: 
p=0.42; S: p= 0.39), or sperm per ejaculate (M: p=0.44; S: p= 0.39). Of 
the 22 male bobcats and 9 male ocelots included in this study, the 
following were captured per month: December (4 bobcats, 1 ocelot), 
January (5 bobcats, 2 ocelots), February (0 bobcats, 2 ocelots), March 
(10 bobcats, 2 ocelots), and April (3 bobcats, 2 ocelots). For bobcats, 
there was an effect of both month and season on total ejaculate volume 
(M: p=0.019; S: p=0.001) and an effect of season on sperm concentra-
tion (p= 0.014) and total sperm per ejaculate (p=0.043). However, the 
month of collection did not affect either sperm concentration (p=0.08) 
or sperm per ejaculate (p=0.19). In bobcats, total ejaculate volume was 
higher in the winter (W) than spring (S) (W: 170 (38− 320) μl; S: 29.3 
(10− 60) μl), whereas sperm concentration (W: 1 (0− 56) X 106 sperm/ 
ml; S: 31.5 (0.125–125.5) X 106 sperm/ml) and sperm per ejaculate (W: 

Fig. 4. Unilateral cryptorchidism and persistent penile frenulum in a bobcat in 
southern Texas. Black circle = unilateral cryptorchidism, presence of only the 
left testicle; Black arrow = persistent penile frenulum.

Table 1 
Mean (±SEM) and median (minimum-maximum) values for seminal traits in two 
free-ranging felid species in southern Texas captured from December to April 
each year from December 2019- May 2022.

Ocelot UC (n¼6) Ocelot EEJ (n¼4) Bobcat UC (n¼14)

VOL* 321.0 (0.9–968.0) 468.0 (200.0–922.0) 38.4 (10.0–320.0)
CONC* 124.0 (1.0–535.5) 29.5 (0.0–97.0) 16.0 (0.1–125.5)
TSE* 23.3 (0.7–269.5) 53.6 (0.0–152.5) 0.3 (0.0–36.8)
TMS* 3.8 (0.0–80.9) 42.9 (0.0–137.3) 0.03 (0.03–14.70)
ACRO 40.8 (± 13.3) 73.3 (± 5.0) 40.5 (± 4.4)
MORPH 36.9 (± 8.5) 58.1 (± 12.8) 23.3 (± 3.9)
PPM 50.0 (± 15.3) 83.8 (± 2.4) 14.8 (± 5.1)
FPM 3.3 (± 0.4) 3.9 (± 0.4) 2.4 (± 0.5)

UC, urethral catheterization collection technique; EEJ, electroejaculation 
collection technique; VOL, semen volume (µl); CONC, sperm concentration (x 
106 / ml); TSE, total sperm per ejaculate (x 106); TMS, total motile sperm (x 106); 
ACRO, intact acrosome status (%); MORPH, normal sperm morphology (%); 
PPM, percent progressively motile (%); FPM, rate of forward progressive 
motility (0− 5); SEM, Standard Error of the Mean. *values reported are median 
values (min-max) due to a non-normal distribution.
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0.067 (0–3.08) X 106; S: 0.374 (0.003–36.8) X 106) were higher in the 
spring.

Serum and fecal testosterone concentrations (mean ± SEM) for each 
species were as follows: ocelot- serum (0.314 (0.05–0.67) ng/ml), fecal 
(239.32 (64.55–1406.25) ng/g); bobcat- serum (0.181 (0.063–0.660) 
ng/ml), fecal (147.74 (39.8–459.56) ng/g). There was no difference 
between species for serum testosterone (p=0.45) or fecal testosterone 
(p=0.26), nor any effect of season (winter vs spring) on fecal or serum 
testosterone for bobcats (fecal, p=0.25; serum, p=0.43) or ocelots (fecal, 
p=0.25; serum, p=0.43). There was no correlation between serum 
testosterone and fecal testosterone for ocelots (p=0.87) or bobcats 
(p=0.67). For EEJ samples in ocelots, serum testosterone was positively 
correlated with total sperm per ejaculate (rho=0.900, p=0.037) and 
total motile sperm (rho=0.900, p=0.037) but not with sperm concen-
tration (rho=0.700, p=0.188). For UC samples in ocelots, there was no 
correlation between serum testosterone and sperm concentration (rho=- 
0.200, p=0.70), total sperm per ejaculate (rho=-0.107, p=0.82), and 
total motile sperm (rho=-0.036; p=0.94). Because of limited numbers of 
ocelot fecal samples, correlation of fecal testosterone with semen pa-
rameters could not be assessed. For UC collection in bobcats, neither 
serum testosterone or fecal testosterone correlated with sperm concen-
tration (rho= 0.140, p=0.66; rho=-0.511, p=0.07, respectively), total 
sperm per ejaculate (rho= 0.196, p=0.54; rho=-0.236, p=0.44), or total 
motile sperm (rho= − 0.342, p=0.45; rho=-0.485; p=0.19).

4. Discussion

This study represents the first detailed assessment of reproductive 
traits in wild ocelots and bobcats living within their natural habitats. All 
previous research has focused on evaluating wild-born or captive-born 
ocelots and bobcats maintained under human care in zoos, with inde-
terminate impacts of multiple husbandry factors on measured repro-
ductive characteristics [25,26,51,52]. Of note, nine wild male ocelots 
were evaluated in the current study, possibly representing ~20 % of all 
males within the last extant breeding population in the US [53–55]. To 
assess seminal characteristics, we used a newer method of semen 
collection (urethral catheterization, UC) for both free-ranging ocelots 
and bobcats. Comparison of semen collection by urethral catheterization 
(UC) to electroejaculation (EEJ) in ocelots revealed potentially mean-
ingful differences in ejaculate traits between methods. In bobcats, UC 
allowed recovery of a low-quality ejaculate with some differences 
observed based on seasonality. While ocelots produced higher quality 
ejaculates than bobcats, overall seminal quality in the wild ocelot pop-
ulation appeared slightly inferior to values reported for ocelot pop-
ulations managed within zoos [25,27,51,56].

With UC in ocelots, recovered samples consisted of low ejaculate 
volumes containing highly concentrated spermatozoa with a relatively 
low pH, as observed in studies in other feline species [30,36,49,57–59]. 
One primary challenge with UC was urine contamination of the semen, 
occurring within the urethra prior to recovery, similar to findings in 
earlier reports [25,56]. UC samples typically lack seminal fluids so 
exposure to urine with acidic pH and variable osmolarity, coupled with 
delayed sample recovery while waiting on adequate anesthetic induc-
tion for catheterization, negatively impacts sperm viability even with 
immediate dilution in an isotonic medium post-recovery.

The addition of EEJ to the sampling protocol allowed recovery of 
higher sperm numbers with improved percent motility and rates of 
forward progression, as previously observed in ocelots [56]. Ocelot EEJ 
samples, while also frequently contaminated with urine, usually contain 
a greater volume of seminal fluid, and thus have a higher alkalinity and 
lower osmolarity, which may provide better buffering against urine. For 
bobcats, urine contamination occurred less often (about half the time) 
than in ocelots using the UC method, but the comparative effect of EEJ 
was not assessed. Further, a slight reduction in the depth of catheter 
insertion into the urethra (13–14 cm) relative to previously reported 
distances (ocelots, 15 cm; Canada lynx, 15 cm) [56,60] failed to 

decrease the occurrence of urine contamination in either species, sug-
gesting inadvertent catheter insertion into the urinary bladder was not a 
factor.

For urethral catheterization, alpha-2-agonist drugs such as medeto-
midine and dexmedetomidine [36] are essential to cause sperm depo-
sition into the urethra. In domestic cats, the dosage of medetomidine 
that yielded adequate sperm numbers was 0.13–0.14 mg/kg [30], or 
1.5–2 times higher than dosages used in the present study, and greater 
than dosages (0.05–0.11 mg/kg) used in other felid studies [49,57,58]. 
With dexmedetomidine, semen collection by UC requires a much lower 
dosage (0.025 mg/kg) in domestic cats [15,27,61,62], compared to 
medetomidine to recover similar total sperm numbers. Medetomidine is 
a racemic mixture of 2 enantiomers, d-MED and l-MED, with d-MED 
(dexmedetomidine) being the active variant [63] displaying a higher 
binding affinity to α2 receptors [64,65]. In other felid species, urine 
contamination was more likely to occur with EEJ under the influence of 
medetomidine as compared to dexmedetomidine [66]; although addi-
tion of supplemental anesthetics (isoflurane and propofol) [66] and 
electrical stimuli applied during EEJ also could promote subsequent 
urine release [43]. In the current study, a dose effect on sperm recovery 
was not observed with medetomidine. Increasing medetomidine dosages 
to 0.13–0.14 mg/kg (i.m.) in ocelots and bobcats could improve sperm 
yield [63], but also would heighten concerns of α2 agonist-induced he-
modynamic effects [67].

Our reproductive assessments in this study included evaluation of 
testicular dimensions and penile morphology. A large difference was 
observed between species in testes size, with ocelots having ~8 times 
the testicular volume of bobcats despite having similar body weights. 
Ocelots also exhibited higher total sperm numbers than bobcats, but 
within species, there was no correlation of total sperm recovery with 
testicular volume, which was consistent with earlier findings in wild 
felid species [51]. Although serum testosterone concentrations did not 
differ between species, ocelots displayed large, obvious penile spines, 
whereas bobcat penises were spineless. Penile spines in felids are 
androgen-dependent and thought to increase tactile stimulation for 
induced ovulation [68,69] and serve as holdfast organs, comparable to 
the bulbourethral gland in dogs [70,71]. Because ocelots are strictly 
induced ovulators with non-seasonal reproduction and relatively high 
androgen levels in males [51,72–74], the presence of penile spines in 
this species likely function for these stated purposes.

In contrast, bobcats are reported to be seasonal breeders, as are their 
closely related relatives in the Lynx genus [75,76], but it is unknown 
whether they are spontaneous or induced ovulators. In any case, the 
absence of penile spines in bobcats appears to be species-specific [51]
rather than androgen dependent [77].

Results from our study support the occurrence of reproductive sea-
sonality in bobcats and the absence of seasonality in ocelots (at least 
during the winter-spring months). Seminal parameters in wild ocelots 
did not differ from winter to spring, which is consistent with findings 
from an earlier study of zoo-housed ocelots [51]. In contrast, bobcats 
exhibited a greater ejaculate volume in the winter months with a higher 
sperm concentration and total sperm per ejaculate in the spring. Similar 
to other lynx species [75], bobcats appear to produce superior sperm 
numbers in the springtime but do not show any seasonality in serum and 
fecal testosterone levels, similar to that of zoo- managed bobcats [52]
and Iberian lynx (Lynx pardinus) [78]. The opposite pattern was 
observed in the more temperate species, the Canada lynx (Lynx cana-
densis) [75] and Eurasian lynx (Lynx lynx) [76], which showed distinct 
seasonality in testosterone concentrations.

In our study, the comparison of UC and EEJ in ocelots revealed some 
apparent differences in reproductive parameters based on collection 
technique. Specifically, the percentage of primary sperm abnormalities 
increased with UC compared to EEJ. Sperm abnormalities in fresh, un-
diluted semen can result from defects in spermatogenesis (primary ab-
normalities) [79,80] or sperm transport through the excurrent duct 
system of the testis, after spermatogenesis (secondary abnormalities) 
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[79–81]. With EEJ and UC in ocelots, the most common abnormalities 
were bent tails (i.e., a secondary sperm abnormality) and tightly coiled 
tails (i.e., a primary sperm abnormality), respectively. However, when 
urine was present in the UC sample, the most common abnormality did 
not differ from EEJ collected samples, suggesting that a urine-related 
osmotic effect may have altered sperm morphology. Tightly coiled 
tails commonly occur with sperm exposure to hypo-osmolar solutions, 
which forms the basis for the hypo-osmotic swelling test (HOST) for 
assessing sperm membranes [82]. Accordingly, the absence of seminal 
fluid in UC samples may be partially responsible for a high percentage of 
coiled tails that subsequently decreased after exposure to the highly 
concentrated urine typical of ocelots. Because samples were collected in 
a field situation, methods for semen processing and transport also could 
affect seminal parameters.

One objective in this study was to compare seminal traits of wild 
Texas ocelots to that of ocelots managed under human care. For zoo- 
housed ocelots, EEJ resulted in recovery of 114.7 ± 15.8 ×106 motile 
sperm per ejaculate with 82.4 ± 1.2 % morphologically normal sperm, 
and males averaged 1.71 ± 0.14 μg/g fecal androgens [51], with similar 
values reported in another zoo-based study [25]. When UC and EEJ were 
compared in zoo-housed ocelots, UC produced 36.2 ± 28.2 ×106 sperm 
per ejaculate with 72.1 ± 11.5 % motility whereas EEJ produced 55.6 ±
22.7 ×106 total sperm per ejaculate with 87.1 ± 4.9 % motility [56]. For 
samples collected by UC in wild Texas ocelots, the percent sperm 
motility and relatively high frequency of urine contamination were 
similar to these previous reports [25,56]. Although UC resulted in more 
primary sperm abnormalities compared to EEJ, other sperm parameters 
did not differ significantly, but total sperm numbers, sperm motility 
traits and normal sperm morphology tended to be higher in EEJ 
collected samples. In turn, our seminal values from EEJ of wild ocelots, 
including percent normal sperm morphology, tended to be lower than 
that observed with ocelots managed under optimal zoo conditions [25, 
51,56], and more similar to findings from a broad-based reproductive 
survey of Latin American zoos [27], in which sample quality was 
impacted by sub-optimal diets and husbandry [27]. Because ocelots in 
the current study were free-ranging, we suspect that compromised 
semen quality was less likely the result of poor nutrition or other envi-
ronmental factors, but possibly could be related to reduced genetic di-
versity. Unfortunately, no seminal data are available for comparison 
from any other wild, free-ranging ocelot population, including those 
having greater genetic heterozygosity. Abnormal physical traits previ-
ously associated with decreased heterozygosity and inbreeding in felids 
were not observed in the Texas ocelot population.

In free-ranging Texas bobcats, we observed similar testicular vol-
ume, percent normal morphology, and sperm concentrations to other 
species of the Lynx genus, but acrosome integrity and percent sperm 
motility were much lower [78]. Our samples from wild bobcats were 
recovered using UC whereas in Canada lynx, UC was ineffective and 
electroejaculation proved to be superior for semen collection. Similarly, 
EEJ of zoo-housed bobcats produced higher values for seminal volume, 
sperm concentration, total sperm per ejaculate, and percent motility 
[52]. Decreased genetic diversity in bobcats has been documented in the 
Lower Rio Grande Valley [9] and, we suspect that this reduced genetic 
variation coupled with the low reproductive potential typical of this 
genus might contribute to the sub-optimal semen quality seen within 
this wild population. In our study, unilateral cryptorchidism was 
observed in two individuals and UC collection failed to recover a sper-
mic ejaculate in either male. Additionally, a persistent penile frenulum 
was seen in a single bobcat which may be associated with inbreeding [5, 
83–88]. Additionally, a single ocelot male at LANWR was also observed 
with unilateral cryptorchidism; however a semen sample was unable to 
be recovered by UC due to excessive urination at the time of collection 
[unpublished data]. This male was not included in the present study but 
could suggest an effect of inbreeding depression and subsequent nega-
tive impacts to reproductive health.

Although the UC method allowed semen recovery from both species 

and was easier to apply in a field setting, our results suggest that EEJ 
remains the preferred collection method for characterization of 
normative seminal traits and maximizing sperm recovery for potential 
semen banking of wild males for conservation purposes. With UC 
collection, the lower values observed for sperm motility traits, acrosome 
status and morphology could negatively impact sperm transport and 
function within the reproductive tract, especially following cryopres-
ervation, and ultimately, reduce reproductive capacity [46,68,69, 
89–95]. Notably, our findings indicate that both wild ocelots and bob-
cats exhibited teratospermia (>60 % morphologically abnormal sperm) 
based on UC collection, although ocelots were nearly normospermic 
(>60 % normal morphology) in EEJ samples. Teratospermia is a trait 
commonly observed in non-domestic Felidae [4,5,12,13,15] with some 
teratospermic species also having reduced genetic variation and low 
circulating testosterone concentrations. If wild Texas ocelots are ter-
atospermic, as suggested by UC results, this finding would heighten the 
risk that reduced genetic diversity is already affecting reproductive 
parameters in this species. In turn, this conclusion likely would increase 
the urgency to implement genetic augmentation to help stabilize the 
existing wild population into the future.

5. Conclusions

Urethral catheterization following medetomidine treatment was an 
effective method of sperm collection for characterization of basal sem-
inal traits in free-ranging ocelots and bobcats; however, urine contam-
ination was a consistent challenge that decreased the overall quality and 
viability of sperm samples. For ocelots, use of electroejaculation as a 
secondary collection technique allowed recovery of additional semen 
with improved traits and less impairment from urine contamination. 
With free-ranging ocelots, if the primary goal is to maximize total sperm 
recovery for cryopreservation, especially in males that may only be 
captured once in their lifetime, then electroejaculation should be 
considered as the first option. Further refinement of methodology may 
be warranted with either collection technique, including investigating 
methods to reduce or mitigate urine contamination, slightly increasing 
the medetomidine dosage to improve total sperm recovery or possibly 
assessing dexmedetomidine as an alternative as only one male was 
collected under dexmedetomidine treatment for this study. In free- 
ranging bobcats, further investigation should include comparing the 
effectiveness of EEJ to UC for field use in this species and defining 
seasonal influences on reproductive traits. Lastly, our findings suggest 
that both felid populations may be experiencing slight reduction in 
reproductive parameters relative to zoo-housed cats, possibly related to 
decreased gene diversity, but further research is necessary to fully 
evaluate this hypothesis. At a minimum, results of the current study 
provide a baseline of reproductive parameters in these free-ranging 
ocelot and bobcat populations that may be monitored over time to 
assess changes associated with genetic recovery or further population 
declines.
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Appendices

A. Seminal traits for individual ocelots collected by urethral catheterization and electroejaculation in southern Texas from 2019 to 2022.

WT (KG) TTVOL VOL CONC TSE TMS ACRO MORPH PPM FPM

Urethral Catheterization
E19M* 13.4 20.9 148 535.5 79.3 55.5 72 59.8 70 4
E22M^* 11 20.3 408 3.67 9 7.2 44 35 80 1
Y27M^* 13.8 21.4 79 294.9 23.3 14 77 21.8 60 2.5
Y28M^ 5.5 1.85 0
E13M^* 12.5 21.7 968 124 120 0 33 73 0 0
E24M^* 9.8 8.1 663 1 0.7 0 7 15 0 0
OM341^* 11.4 22.3 321 7.5 9.5 3.8 26 14 40 0.5
LO02M 5.7 0.95 43
Electroejaculation
E22M^* 9.3 22.7 922 97 99.5 79.6 76 27 80 2
E13M* 12.5 21.7 250 8 7.6 6.1 60.5 69 80 3
E24M 9.8 8.1 200
LO04M^* 9.8 13.3 431 47 13.8 11.7 71 86.5 85 4.5
OM341* 11.4 22.3 686 51 152.5 137.3 85 50 90 4.5

TTVOL, total testicular volume (cm3); VOL, semen volume (µl); CONC, sperm concentration (x 106 / ml); TSE, total sperm per ejaculate (x 106); TMS, total motile sperm 
(x 106); ACRO, intact acrosome status (%); MORPH, normal sperm morphology (%); PPM, percent progressively motile (%); FPM, rate of forward progressive motility 
(0− 5); ^urine contamination; *These samples were used for evaluation of spermic traits in Table 1.

B. Seminal traits for individual bobcats collected by urethral catheterization in southern Texas from 2019 to 2022.

WT (kg) TTVOL VOL CONC TSE TMS ACRO MORPH PPM FPM

EB31M# 10 2.46
EB33M* 9.09 2.44 25 5.5 0.137 0.04 42 28.5 30 3
EB34M^* 8.4 1.97 10 42.5 0.425 0.004 14.5 38.5 1 3
EB35M^ 8 1.48 1000 17 50
EB36M* 8.1 2.21 54.4 56.5 3.08 0.03 21 5.3 1 4
EB37M* 11.8 5.16 36.8 40 1.47 0.59 31 19.5 40 4
EB38M^ 11.8 3.8 200
EB39M^ 9.09 1.08 191
EB42M* 9.78 2.64 60 58.5 3.51 0.35 64 27.5 10 3
EB44M^ 6.93 2.95 1000 24 27.5
EB45M* 6.81 2.04 14 23 0.32 0.003 60 28.8 1 3
YB7M^ 10.23 1.01 1000 15 19
YB9M^* 9.99 4.25 33.6 125.5 4.22 18 9.5
YB10M^* 9.27 3.91 1000 28.5 9
EB48M* 8.24 2.86 73 1 0.73 47 37
EB50M^* 7.96 1.85 40 2.12 0.25 0.03 38 19 10 1.5
EB51M^ 6.9 0.54 50 0.125 0.003
EB53M* 9.44 2.29 15 122.5 36.8 14.7 70 29 40 1
EB54M* 9.16 1.56 14 9 0.126 0.01 53 31 10 3
LB01M^* 8 5.15 320 1 0.067 33 12.5
LB02M# 8.7 0.47 0
LB03M^* 9.66 5.25 170 2 0.34 35 25

TTVOL, total testicular volume (cm3); VOL, semen volume (µl); CONC, sperm concentration (x 106 / ml); TSE, total sperm per ejaculate (x 106); TMS, total motile 
sperm (x 106); ACRO, intact acrosome status (%); MORPH, normal sperm morphology (%); PPM, percent progressively motile (%); FPM, rate of forward progressive 
motility (0− 5); #unilateral cryptorchid; ^urine contamination; *These samples were used for evaluation of spermic traits in Table 1.
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