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 Assessment of semen quality, sperm cryopreservationand heterologous IVF in the critically endangeredIberian lynx (Lynx pardinus)
 Natalia GañánA, Raquel GonzálezA, J. Julián GardeB, Fernando MartínezC,Astrid VargasC, Montserrat GomendioA,D and Eduardo R. S. RoldanA,E,F
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 BInstituto de Investigación en Recursos Cinegéticos, CSIC-UCLM-JCCM, 02071 Albacete, Spain.CPrograma de Conservación Ex-Situ del Lince Ibérico, Centro de Cría en Cautividad ‘El Acebuche’,Parque Nacional de Doñana, Matalascañas, 21760 Huelva, Spain.
 DDepartment of Zoology, University of Cambridge, Cambridge CB2 3EJ, UK.ERoyal Veterinary College, London NW1 0TU, UK.FCorresponding author. Email: [email protected]
 Abstract. Semen traits and factors affecting sperm cryopreservation were assessed in the Iberian lynx (Lynx pardinus), aspecies regarded as the most endangered felid in the world. For cryopreservation, semen was washed, resuspended in a Tes–Tris-based diluent (TEST) or a Tris-based diluent (Biladyl), both with 20% egg yolk and 4% glycerol, loaded into straws,cooled to 5◦C using an automated programmable system and frozen on nitrogen vapour. Heterologous IVF of in vitro-matured domestic cat oocytes was used to test the fertilising ability of cryopreserved spermatozoa. Electroejaculates fromfive males were obtained. Characterisation of the electroejaculates revealed mean (± s.e.m.) values of 3.3 ± 0.6 × 106
 total spermatozoa, 73.6 ± 4.6% motile spermatozoa, 23.7 ± 4.0% morphologically normal spermatozoa and 40.7 ± 2.3%spermatozoa with intact acrosomes. After thawing a higher percentage of motile spermatozoa was seen in TEST thanin Biladyl (34.0 ± 6.2% v. 7.5 ± 4.8%, respectively; P < 0.05); however, there were no differences in the percentage ofintact acrosomes between the two diluents. Iberian lynx spermatozoa fertilised domestic cat oocytes in vitro, with higherfertilisation rates observed for spermatozoa cryopreserved in TEST than in Biladyl, although the difference did not reachstatistical significance (20.5 ± 4.5% v. 11.5 ± 6.8%, respectively). There were positive significant relations between thefertilisation rates and both the percentage of normal spermatozoa and the percentage of spermatozoa with an intactacrosome before cryopreservation (P = 0.04). This first report of the collection and cryopreservation of Iberian lynxsemen and analysis of fertilising ability is an important step in the development of assisted reproductive techniques forthis critically endangered felid species.
 Additional keywords: assisted reproductive technologies, felid, genome resource bank, teratospermia.
 Introduction
 The Iberian lynx is ‘critically endangered’ (International Unionfor Conservation of Nature (IUCN) 2008) and is regarded as theworld’s most endangered felid and the most threatened carnivorein Europe (Nowell and Jackson 1996). Although the species wasonce distributed throughout the Iberian peninsula (Rodríguez2007), at present approximately 200 individuals are confinedto the south of Spain, distributed in two isolated, reproductivelyviable populations with low levels of genetic variability (Johnsonet al. 2004), one in Doñana and the other in Sierra Morena(Rodríguez and Delibes 2003; Rodríguez 2007). Recent reportssuggest the presence of the Iberian lynx in central Spain (Aldaet al. 2008).
 For decades, considerable work has focused on the ecol-ogy and in situ conservation of this species with an ex situconservation programme starting in 2004 (Vargas et al. 2007).One of the main objectives of captive breeding is to conserve85% of the genetic variability existing at the beginning of theprogramme and to maintain it for a period of 30 years. Toachieve this, approximately 60–70 Iberian lynx (32 foundersplus individuals born in the captive breeding programme) willbe bred in captivity (Vargas et al. 2008) before reintroductionsare attempted in or after 2010.
 Conservation of the Iberian lynx, using both in situ and ex situapproaches, may benefit from a variety of assisted reproduc-tive technologies (Wildt 1990; Pukazhenthi and Wildt 2004;
 © CSIRO 2009 10.1071/RD08226 1031-3613/09/070848
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 Pope et al. 2006; Pukazhenthi et al. 2006a; Swanson 2006).In particular, the collection, preservation and use of sperma-tozoa is important for the establishment of a genetic resourcebank, which, in combination with other techniques, such as AI,in vitro oocyte maturation, fertilisation and culture, and embryotransfer, would allow gene flow to be established between iso-lated populations, including in situ and ex situ linkage, withoutremoving individuals from the wild or displacing a captive ani-mal (Pukazhenthi et al. 2006a; Swanson et al. 2007).The generalfeasibility of this approach has already been demonstrated forthe cheetah (Wildt et al. 1997) and is currently being developedfor other cat species (Swanson et al. 2007).
 There have been various studies on the collection, character-isation and cryopreservation of felid spermatozoa. Methods forcryopreserving spermatozoa have been examined, although thereis still a considerable need for basic cryobiological studies ofdiverse species (Leibo and Songsasen 2002). Cryopreservation isdirectly lethal to a significant proportion (usually approximately50%) of spermatozoa in a typical semen sample (Watson 2000).In general terms, thawed spermatozoa also have a high per-centage of damaged acrosomal membranes (Swanson and Wildt1997). Past experience has demonstrated that spermatozoa fromdifferent species vary considerably in their cryosensitivity, withdifferences also apparent between individuals (Yu et al. 2002).Thus, there is a need to adjust cryopreservation protocols to suitdifferent species. Studies on domestic cat spermatozoa have usedTris-citric acid- or Tes–Tris (TEST)-based cryodiluents withvariable results: some studies have reported better cryosurvivalwith Tris-based cryodiluents, whereas others have reported bet-ter survival withTEST-based diluents (Luvoni 2006).There havebeen no prior studies into the cryopreservation of spermatozoafrom the Iberian lynx.
 The preparation of samples for cryopreservation involvesdilution in culture medium (e.g. Ham’s F-10) and subsequentcentrifugation (Pukazhenthi et al. 2002; Swanson et al. 2006;Thiangtum et al. 2006; Stoops et al. 2007). Evaluation of spermsurvival has relied on incubations of fresh or cryopreservedspermatozoa in culture medium with fetal bovine serum, fol-lowed by the examination of sperm motility and acrosomeintegrity over time (Thiangtum et al. 2006). These parametersmay serve as good indicators of sperm survival during gametecoculture for IVF or after AI. In some species, such as theclouded leopard, homologous serum (rather than bovine serum)is preferred (Pukazhenthi et al. 2002). Because sperm survivalduring incubation may be poor for some species, improvementsusing alternative media or homologous serum deserve furtherexamination.
 Although several parameters can be assessed in the labora-tory to evaluate the quality of semen samples, they provide onlya limited estimate of sperm function. On the other hand, IVFprovides a useful test of sperm function, but the collection ofoocytes from endangered species is not always possible. How-ever, oocytes from domestic cats are readily available and couldbe used to assess the functionality of Iberian lynx spermato-zoa, provided that the spermatozoa are able to interact with andpenetrate domestic cat oocytes, as has been shown for other non-domestic felids such as the leopard cat (Howard and Wildt 1990;Andrews et al. 1992), tiger (Donoghue et al. 1992a), cheetah
 (Donoghue et al. 1992b; Roth et al. 1995), snow leopard (Rothet al. 1994), fishing cat (Thiangtum et al. 2006), Pallas’ cat(Swanson et al. 2006) and ocelot (Stoops et al. 2007).
 The aims of the present study were to: (1) characterise Iberianlynx semen traits; (2) analyse the ability of Iberian lynx sperma-tozoa to survive in vitro under various conditions; (3) assesscryopreservation methods, evaluating effects on sperm motilityand acrosome integrity; and (4) evaluate the fertilising capacityof cryopreserved Iberian lynx spermatozoa using heterologousIVF of domestic cat oocytes.
 Materials and methodsAnimalsAnimal manipulations were performed in accordance with theSpanish Animal Protection Regulation, RD1201/2005, whichconforms to European Union Regulation 2003/65. Five Iberianlynx males (3–6 years old), kept at the ‘El Acebuche’ Iberianlynx captive breeding centre (Doñana National Park, Huelva,Spain), were electroejaculated under general anaesthesia in lateNovember–early December, just before the beginning of thebreeding seasons of 2005 or 2006. The breeding season spansfrom December to February, with most matings taking place inJanuary. All males were originally trapped in the wild and, aftersuitable quarantine periods, were kept under seminatural condi-tions in 550-m2 individual enclosures with visual, olfactory andauditory contact with conspecific males and females. The enclo-sures had natural mixed Mediterranean vegetation.Animals werefed a balanced diet, consisting largely of commercially bred liverabbits and rabbit carcasses with vitamin supplements. Of thefive males used in the present study, four were subsequentlyfound to be fertile.
 Sperm collection and evaluationSemen collection (once for each male) was performed underanaesthesia using an intramuscular injection of either tile-tamine hydrochloride plus zolazepam (10 mg kg−1 body-weight; Zoletil; Virbac, Carros, France) or a combination ofketamine hydrochloride (5 mg kg−1; Imalgene 1000; Merial,Lyon, France) plus medetomidine hydrochloride (50 µg kg−1;Domtor; Orion Pharma, Espoo, Finland). The effects of medeto-midine were reversed by injection of atipamezole hydrochloride(250 µg kg−1; Antisedan; Pfizer, Madrid, Spain).
 Bodyweight and testicular dimensions were determinedbefore electroejaculation. Testes weight was calculated from thevolume of each testis as described by Harcourt et al. (1995),specifically:
 Weight (g) = (Left testis (cm3) + Right testis (cm3)) × 1.1
 where 1.1 is the conversion factor for calculating theweight of body tissue from its volume. For each testis,volume = 4/3 × π × length/2 × width1/2 × width2/2 (Harcourtet al. 1995), where width1 and width2 are two breadths of theellipsoid.
 Electroejaculation was performed following a proceduredescribed by Howard (1993). A lubricated rectal probe (length17.9 cm, diameter 13.45 mm; PT Electronics, Boring, OR, USA)
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 with three longitudinal electrodes (35.7 mm in length) wasplaced in the rectum, with the electrodes at the level of theprostate and bulbourethral glands, and voltage applied. A totalof 100 electrical stimulations was delivered using a 60-Hz sine-wave stimulator (PT Electronics). Stimuli were delivered in setsof 10 stimulations at each voltage (range 2–5V), with the totalsequence divided into four series (first series: 2, 3, 4V; secondseries: 3, 4, 5V; third series: 4, 5V; fourth series: 4, 5V). Semenwas collected in prewarmed sterile 25-mL polypropylene cups(catalogue no. 430130; Lab Center, Madrid, Spain).
 Semen collected in each series was evaluated immediately forvolume (using a micropipette) and pH (using test strips; Medi-Test Combi 9; Machereg-Nagel, Düren, Germany). A semensample was placed on a slide, covered with a coverslip (pre-warmed to 37◦C) and examined under phase contrast optics toassess the percentage of motile spermatozoa and the quality ofmovement using a scale of 0–5, where 0 is no movement and 5represents rapid, linear forward movement. Motility values wereused to calculate a sperm motility index (SMI), using the formula(% motile sperm + (quality × 20))/2.
 In addition, after each electroejaculation series, 5 µL semenwas fixed with 45 µL of 1% glutaraldehyde solution in 0.165 Mcacodylate buffer, pH 7.3. This fixed sperm suspension was usedto estimate sperm concentration using a haemocytometer. Fur-thermore, a sample of 10 µL semen was fixed in 250 µL of 4%paraformaldehyde in 110 mM Na2HPO4 and 2.5 mM NaH2PO4buffer solution (pH 7.4) and later stained with Coomassie blue(Larson and Miller 1999) to assess sperm morphology and acro-somal integrity. Fixed samples were stored at 4◦C until furtherprocessing.
 Semen samples were diluted with an equal volume of Ham’sF-10 containing fetal bovine serum (FBS) unless indicated other-wise (see below) and stored at room temperature (22◦C) pendingcompletion of the electroejaculation series and later used forcryopreservation.
 For Coomassie blue staining (Larson and Miller 1999),paraformaldehyde-fixed samples were centrifuged for 8 min at1700g, the supernatant removed and discarded and replaced with250 µL of 0.1 M ammonium acetate solution (pH 9.0) in dis-tilled water. This step was repeated twice. After the second wash,the pellet was resuspended in approximately 50 µL ammoniumacetate. The sperm suspension was smeared onto two differentslides and allowed to dry at room temperature. After drying,slides were stained with 50 µL Coomassie blue stain solution(0.22% Coomassie brilliant blue R-250; Sigma, Madrid, Spain)in 50% methanol (BDH, Madrid, Spain) and 10% glacial aceticacid (Panreac, Barcelona, Spain) for 90 s and rinsed with dis-tilled water, dried at room temperature and preserved by placinga coverslip over a drop of mounting medium (DPX mountant formicroscopy; BDH).
 Sperm morphology was assessed by categorising sperma-tozoa as either normal or with abnormalities in the head(macrocephalic, microcephalic, bicephalic), midpiece (abnor-mal or bent) or the rest of the flagellum (abnormal, coiledflagellum, bent tail, tightly coiled tail). A total of 100 sperma-tozoa was counted and classified. The presence of cytoplasmicdroplets was determined, but these were not categorised as sep-arate abnormalities and were, rather, used as an indicator of
 sperm maturation. In addition, the presence of coiled tails (whichmay potentially result from cold shock) was recorded. Acroso-mal integrity was assessed in a total of 100 spermatozoa andwas classified as: (1) intact normal, spermatozoa with uniformdark staining over the acrosomal region with no staining of thepostacrosomal region; (2) intact with abnormal acrosome, sper-matozoa with uniform staining of the acrosomal region and witha darker staining of all or part of the apical region; (3) damaged,unstained patches in the acrosomal region; or (4) non-intact,acrosomal staining absent or staining only in the equatorialsegment (Pukazhenthi et al. 2006b).
 Sperm incubation in different media and seraThe ability of Iberian lynx spermatozoa to survive in vitro wastested using HEPES-containing Ham’s F-10 (Irvine Scientific,Izasa, Barcelona, Spain) or HEPES-containing TCM-199 media(Sigma) with either FBS or Iberian lynx serum. Ham’s F-10medium was supplemented with modified Ham’s F-10Gentamicin-50X (Irvine Scientific), which was suppliedlyophilised and containing 0.05 M glutamine, 0.05 M pyru-vate and gentamicin sulfate (1 : 50 dilution; final concentration10 µg mL−1). Both Ham’s F-10 and TCM-199 were supple-mented with l-glutamine (Sigma; 2 mM final concentration),pyruvate (Sigma; 1 mM final concentration) and a triple antibi-otic mix (Sigma; final concentrations 130 IU mL−1 penicillin,130 µg mL−1 streptomycin and 260 µg mL−1 neomycin). Mediawere also supplemented with 5% heat-inactivated FBS (GibcoInvitrogen, Barcelona, Spain). Medium F-10 was alternativelysupplemented with heat-inactivated Iberian lynx serum. Forinactivation, serum was incubated at 56◦C for 30 min and wasfiltered through a 0.22-µm filter before use.
 Semen aliquots (7.5 µL), taken from Series 2 of the electroe-jaculation procedure, were diluted in 67.5 µL of each medium,placed in Eppendorf tubes and incubated in a dry thermoblockat 37◦C under air. At different intervals (0, 1 and 3 h), sam-ples were taken and examined under phase contrast optics toassess motility and were fixed in 4% paraformaldehyde solutionfor subsequent staining with Coomassie blue and evaluation ofacrosomal integrity.
 Sperm cryopreservationAfter collection and initial evaluation, semen was diluted 1 : 1(v/v) in HEPES-containing modified Ham’s F-10. Each samplewas kept at room temperature (22◦C) until the end of semencollection for each male. After collection, fractions with similarquality were pooled. Diluted semen pools were centrifuged at300–700g (depending on semen quality) for 10 min, the super-natant discarded, the volume of the loose pellet measured usinga micropipette and cryopreservation diluent added very slowly(1 : 4, v/v), drop by drop, at room temperature.
 For sperm cryopreservation, two different cryodiluents wereexamined: (1) TEST, a diluent containing 4.83% Tes, 1.15%Tris, 0.4% glucose, 200 IU mL−1 penicillin, 200 µg mL−1 strep-tomycin, 20% egg yolk and 4% glycerol; and (2) Biladyl, acommercial diluent (Minitüb,Tiefenbach, Germany) with 2.42%Tris, 1% fructose, 1.38% citric acid, 20% egg yolk and 4%glycerol. The Biladyl diluent was further supplemented with
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 an antibiotic cocktail containing tylosin, gentamicin, spectino-mycin and lincomycin (Minitüb). Biladyl actually consists of twosolutions, Solution A (containing no glycerol) and Solution B(containing 14% glycerol). We used these solutions to preparea one-step diluent, mixing both solutions in such a way that thefinal concentration of glycerol was 4%.
 A total of 50 µL sperm suspension in cryodiluent was loadedinto short straws at room temperature (approximately 22◦C).Before loading, 0.25-mL straws (Minitüb) were cut in half witha pair of scissors and the half with the cotton-sealed end was used.After loading, straws were closed with a thermal sealer (ERSA;Minitüb). Straws were finally placed inside a 5-mL cryovial forrefrigeration. An aliquant with semen in cryodiluent was placedin a microtube and used for evaluation of motility and acrosomeintegrity at the end of refrigeration.
 Refrigeration, from 20◦C to 5◦C over a period of 120 min,was performed using a programmable dry block (ThermoStatplus 5352; Eppendorf, Hamburg, Germany). The dry block wasused with a dry thermoblock chamber (CombiBox; Eppendorf),into which a microtube rack was placed to hold both the sampleof diluted semen for evaluation and the 5-mL cryovial con-taining the straws. An external digital thermometer with twothermocouples was fitted for accurate monitoring of tempera-ture; one thermocouple was placed inside the chamber and theother was placed inside one straw filled with cryodiluent alone,which, in turn, was placed inside the 5-mL cryovial. The dryblock has a temperature control capacity ranging from −5◦Cto 99◦C; both the temperature and the run time can be pro-grammed individually, with up to four temperature levels andfour time phases adjustable in succession. Thus, the run time forthe linear transition between two temperature levels can be pro-grammed individually and this, in turn, determines the curve (in◦C min−1) for temperature descent. Initial trials revealed that theactual temperature inside the CombiBox chamber (as measuredby the external thermometer) was different from that displayed inthe dry block control panel and measured by its in-built thermo-couple; this was probably due to the slow cooling by convectioninside the CombiBox chamber. We therefore ran a series of teststo identify the best programme that would result in the desiredfinal temperature (5◦C) inside the chamber. The initial tempera-ture was always set to 20◦C and, in order to compensate for somevariations in room temperature, the dry block was left running atthis temperature before sample loading. Once the vial containingstraws was introduced into the chamber, an initial period of 5 minat 20◦C was always programmed to allow for additional equi-libration at this temperature. Based on preliminary trials, threedifferent final temperatures (0◦C, −1◦C and −2◦C) were set inthe dry block with the aim of achieving 5◦C inside the chamberat the end of the refrigeration period (120 min). Actual temper-atures were recorded every 10 min over the 120 min period. Atleast three runs were performed for each setting and recorded. Afinal temperature of 5◦C was reached inside the chamber whenthe dry block was set with a target temperature of −1◦C. Thissetting was subsequently used for all experiments into the cryop-reservation of Iberian lynx spermatozoa. We found this systemmore convenient and reliable than refrigeration using a fridge orwater-filled containers with temperature lowered by the additionof ice cubes or dry ice.
 At the end of refrigeration, straws were removed from the5-mL cryovial and were frozen using a two-step freezing method(Pukazhenthi et al. 2007). Briefly, straws were placed horizon-tally on a metal rack in a styrofoam container, 7.5 cm above theliquid nitrogen surface, for 1 min and then quickly lowered to asecond rack 2.5 cm above the level of the liquid nitrogen for afurther 1 min before being plunged into liquid nitrogen. Frozensperm straws were transferred into a liquid nitrogen tank fortransport and storage.
 Sperm thawing and assessmentStraws were thawed by exposing them to air for 10 s and thenimmersing them in a 37◦C water bath for 30 s. The contentsof the straws were poured into a sterile 1.5-mL microtube pre-warmed to 37◦C.The sperm suspension was diluted (1 : 3 v/v) bythe slow (drop by drop) addition of a modified Tyrode’s solution(Gómez et al. 2003), as used for IVF (see below). The concentra-tion was adjusted to 0.5–1 × 105 motile spermatozoa mL−1 in50–100 µL drops covered with mineral oil. Diluted spermatozoawere incubated at 38.5◦C under 5% CO2 in air and sperm sub-samples were assessed at various times (0, 1 and 2 h) for motilityand acrosomal integrity, as described above.
 Oocyte collection and IVMOvaries from domestic cats were obtained from veterinary clin-ics after ovariohysterectomy and were transported refrigeratedto the laboratory in 15-mL vials with 5 mL of 0.9% (w/v)NaCl solution supplemented with penicillin and streptomycin(100 µg mL−1 each). Ovaries that were not processed immedi-ately were stored at 4–8◦C for up to 24 h after surgery. Sampleswere processed as described previously (Gómez et al. 2003),with some modifications. The ovaries were sliced and the fol-licles punctured to release cumulus–oocyte complexes (COCs).MediumTCM-199 (Sigma), supplemented with 15 mM HEPES,15 mM NaHCO3, 0.36 mM sodium pyruvate, 1 mM glutamine,2.2 mM calcium lactate, 0.4% (v/v) bovine serum albumin (BSA;A-8412; Sigma) and penicillin and streptomycin (100 µg mL−1
 each), was used for oocyte collection. After several washes inHEPES-buffered-TCM-199, Grade I (excellent quality), GradeII (good quality) and Grade III (fair quality) COCs were selectedand placed in four-well culture dishes (Nunclon, Nalgene; NuncInternational, Roskilde, Denmark) containing 500 µL TCM-199supplemented with 25 mM NaHCO3, 0.36 mM sodium pyruvate,2 mM glutamine, 2.2 mM calcium lactate, 1.12 mM cysteine,0.4% (w/v) BSA (Fraction V; A-9418; Sigma), 25 ng mL−1 epi-dermal growth factor (EGF; Merlo et al. 2005), ovine FSH/LH(10 µg mL−1 each; Sigma), 1 µg mL−1 oestradiol, penicillinand streptomycin (100 µg mL−1 each). Dishes were cultured at38.5◦C under 5% CO2 in air and maximum humidity for 24 h.
 In vitro fertilisationAfter 24 h IVM, domestic cat oocytes were coincubated withfrozen–thawed Iberian lynx spermatozoa. Oocytes (10–20 perdrop) were placed in 50–100 µL drops of Tyrode’s solu-tion supplemented with 15 mM NaHCO3, 0.36 mM pyruvate,2.2 mM calcium lactate, 1 mM glutamine, 100 µg mL−1 peni-cillin, 100 µg mL−1 streptomycin and 0.6% (w/v) BSA (fatty
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 Table 1. Phenotypic and seminal parameters of fresh ejaculates obtained from Iberian lynxSeminal traits for each male are the mean of the different fractions of the ejaculate. Relative testes weight was calculated as the total testes weight divided bybody mass. The sperm motility index (SMI) was calculated as (% sperm motility + (quality of motility × 20))/2. The quality of movement was determined
 using a scale of 0–5, where 0 is no movement and 5 represents rapid linear forward movement
 Male (studbook no.) Mean ± s.e.m.
 SB5 SB6 SB7 SB8 SB11
 Year of birth 2000 2002 2003 2000 2004Body mass (kg) 14.3 8.3 10.8 13.4 12.7 11.9 ± 1.1Total testes weight (g) 2.7 2.7 2.2 2.3 2.7 2.5 ± 0.1Relative testes weight (× 10−4) 1.8 3.3 2.0 1.7 2.2 2.2 ± 0.3Ejaculate volume (µL) 590 340 429 675 383 483.4 ± 63.9Semen pH 8.0 8.3 7.8 8.0 7.5 8.0 ± 0.1Sperm concentration (× 106 spermatozoa mL−1) 5.1 15.8 3.4 5.5 8.2 7.6 ± 2.2Total no. spermatozoa (× 106) 3.0 5.4 1.5 3.7 3.1 3.3 ± 0.6Motility (%) 90.0 68.9 71.1 75.3 62.4 73.5 ± 4.6Quality of movement (0–5) 3.3 3.0 3.0 2.9 3.1 3.1 ± 0.1SMI 77.8 64.4 65.1 67.0 62.2 67.3 ± 2.7Morphologically normal spermatozoa (%) 18.5 28.3 18.2 37.4 15.8 23.7 ± 4.0Intact acrosomes (%) 38.2 46.9 35.3 45.7 37.4 40.7 ± 2.3
 acid free; catalogue no. 1265479; Calbiochem, Madrid, Spain;Gómez et al. 2003; Pope et al. 2006). Oocytes were coincubated,under mineral oil, with 0.5–1 × 105 motile spermatozoa mL−1
 in an atmosphere of 5% CO2 in air at 38.5◦C for 18–20 h.
 In vitro cultureAfter gamete coculture, oocytes were gently pipetted to removecumulus cells and unattached spermatozoa and washed threetimes with HEPES-buffered Tyrode’s medium. Presumptivezygotes were transferred to four-well culture dishes with500 µL Tyrode’s solution containing 1% (v/v) minimum essen-tial medium (MEM) non-essential amino acids, 0.3% (w/v)BSA (fatty acid free) and supplemented with 15 mM NaHCO3,0.36 mM pyruvate, 2.2 mM calcium lactate, 1 mM glutamine,100 µg mL−1 penicillin and 100 µg mL−1 streptomycin (Gómezet al. 2003; Pope et al. 2006). The culture was performed under5% CO2 in air at 38.5◦C. Cleavage was evaluated 44–48 h afterinsemination. Non-cleaved oocytes and cleaving embryos werestained with Hoechst 33342 (10 µg mL−1) in glycerol (1 : 9, v/v),mounted onto a slide in the same medium, covered with a cov-erslip supported by vaseline : paraffin (10 : 0.7, w/w) and keptrefrigerated at 5◦C in the dark until examination. Non-cleavedoocytes were examined to assess maturation and fertilisationstatus, as well as the number of spermatozoa attached to thezona pellucida. Embryos were examined to determine the totalnumber of nuclei.
 Statistical analysesData were analysed using SPSS ver. 11.5 (SPSS, Chicago, IL,USA). Percentages were arcsine transformed, whereas othervariables were log10 transformed. Repeated-measures (RM)ANOVA was used to examine differences between treatmentsand over time in sperm motility and acrosome integrity. Whenthe results of the ANOVA were significant, multiple compar-ison tests were performed. To compare fertilisation rates of
 spermatozoa cryopreserved in TEST or Biladyl, non-parametrictests for two dependent samples were performed. Relationshipsbetween fertilisation rates and ejaculate traits were analysedby non-parametric Spearman’s rank correlation. Results arepresented as the mean ± s.e.m. and P < 0.05 was regarded asstatistically significant.
 ResultsPhenotypic traits and semen parametersof male Iberian lynxPhenotypic traits and semen parameters are given in Table 1.Ejaculates contained a total of 1.5–5.4 × 106 spermatozoa (mean3.3 ± 0.6 × 106 spermatozoa). Sperm motility ranged between62% and 90%, with an average of 73.5 ± 4.6% motile sper-matozoa. The SMI was calculated to take into account boththe percentage motile spermatozoa and the quality of spermmovement and averaged 67.3 ± 2.7. The Iberian lynx pro-duces a high number of pleiomorphic spermatozoa (Fig. 1a),with values of morphologically normal spermatozoa rangingbetween 19% and 37% (mean number of normal spermato-zoa 23.7 ± 4.0%; Table 1). Assessments of acrosome integrity(Fig. 1b) revealed low percentages of spermatozoa with intactacrosomes (37–47%), with an average of 40.7 ± 2.3% intactsperm (Table 1).
 Incubation in different media and seraWhen spermatozoa were incubated in F-10 or TCM-199 (withinactivated FBS), considerable decreases in SMI (percentagemotility and quality of motility; P < 0.05) were observed in bothmedia over 3 h incubation (Fig. 2a). There was also a decrease inthe percentage of intact acrosomes over time, but the differencewas only significant for sperm incubated inTCM-199 (P < 0.05;Fig. 2b). There were no significant differences between mediawith regard to SMI or acrosome integrity (P = 0.32; Fig. 2).
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 Fig. 1. Sperm abnormalities and acrosome integrity in the Iberian lynx.(a) Spermatozoa examined by scanning electron microscopy. (1) normal; (2)head defect (microcephalic); (3) bent midpiece; (4) bent flagellum; (5) coiledtail; (6) detached head. (b) Acrosome status of Iberian lynx spermatozoastained with Coomassie brilliant blue and examined using brightfield optics.IN, intact normal; IA, intact abnormal; D, damaged; M, missing.
 When spermatozoa were suspended in F-10 medium withFBS or Iberian lynx serum, a considerable decrease in spermmotility and a less pronounced decrease in acrosome integritywere observed over time with both sera (Fig. 3). No differenceswere found in motility or acrosome integrity between sera, withthe exception of a higher percentage of acrosome integrity inmedium containing FBS after 3 h incubation (P = 0.003; Fig. 3).
 Cryopreservation of Iberian lynx spermatozoaAll male lynx produced semen of sufficient quality for cryo-preservation. Mean values of samples prior to centrifugation
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 Fig. 2. Incubation of Iberian lynx spermatozoa in HEPES-buffered Ham’sF-10 (black bars) or TCM-199 (open bars) media containing fetal bovineserum. (a) Sperm motility index (SMI) and (b) percentage of intact acro-somes of Iberian lynx spermatozoa after incubation for various times at 37◦Cunder air. Results are the mean ± s.e.m. For each medium, different super-script letters indicated significant differences (P < 0.05) between incubationtimes.
 were 77.3 ± 3.7% motile spermatozoa, 70.1 ± 2.7 SMI and37.6 ± 4.5% intact acrosomes.
 There was a decline in sperm motility during cryopreserva-tion, with a considerable decrease in motility upon thawing andsubsequent incubation (Fig. 4). There were also significant dif-ferences (P < 0.05) in sperm motility between cryodiluents atvarious steps in the cryopreservation process (Fig. 4). Signifi-cant differences were observed after the addition of cryodiluent,after refrigeration, after thawing and after 1 and 2 h incubation(P < 0.05). After thawing, spermatozoa exhibited better motilityin TEST (34.0 ± 6.2% motile spermatozoa and 43.0 ± 2.9 SMI)than in Biladyl (7.5 ± 4.8% motile spermatozoa and 11.3 ± 7.2SMI). Samples from two males (SB5 and SB7) did not have anymotile spermatozoa after thawing when Biladyl was used as thecryodiluent.
 There were no differences over time in the percentage of acro-some integrity, with the exception of samples incubated for 1and 2 h after thawing, which showed lower values (P < 0.05).
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 Fig. 3. Incubation of Iberian lynx spermatozoa in HEPES-buffered Ham’sF-10 containing either fetal bovine serum (black bars) or Iberian lynx serum(open bars), both inactivated at 56◦C for 30 min. (a) Sperm motility index(SMI) and (b) the percentage of intact acrosomes of Iberian lynx sperma-tozoa after incubation for various times at 37◦C under air. Results are themean ± s.e.m. For each medium, different superscript letters indicated sig-nificant differences (P < 0.05) between incubation times. Asterisk indicatessignificant differences (P < 0.05) between sera after 3 h incubation.
 No significant differences were noted in the percentage ofintact acrosomes between the TEST and Biladyl cryodiluents(39.4 ± 5.3% and 32.3 ± 6.3% intact acrosomes, respectively).
 Heterologous IVF with cryopreserved spermatozoaIberian lynx spermatozoa were able to fertilise domestic catoocytes in vitro (Fig. 5). The fertilisation rate obtained variedbetween 5% and 30% of mature oocytes, depending on the maleand the cryodiluent used to preserve the spermatozoa (Table 2).The average fertilisation rate of spermatozoa cryopreserved inTEST (20.5 ± 4.5% of mature oocytes) was approximately twicethat of spermatozoa cryopreserved in Biladyl (11.5 ± 6.8% ofmature oocytes; Table 2), although the difference did not reachstatistical significance, probably due to the low number of malestested.
 The percentage of mature and fertilised oocytes that cleaved(embryos at least at the two-cell stage 48 h after insemination)
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 Fig. 4. Cryopreservation of Iberian lynx spermatozoa with two differentcryodiluents, namely Tes–Tris (TEST; black bars) and Biladyl (open bars).(a) Sperm motility index (SMI) and (b) percentage of spermatozoa withintact acrosomes at different times in the cryopreservation process. 0, ini-tial semen pool; 1, after centrifugation and addition of cryodiluent; 2, atthe end of refrigeration; 3, after semen thawing (0 h of incubation post-thaw); 4 and 5, after 1 and 2 h of incubation post-thaw, respectively. Afterthawing, and before evaluation, spermatozoa were diluted with a modifiedTyrode’s medium and incubated at 38.5◦C under 5% CO2/air. Results aremean ± s.e.m. Within time points, asterisks indicate significant differences(P < 0.05) between cryodiluents.
 was 11.3 ± 5.3% and 44.7 ± 19.6%, respectively, using sperma-tozoa cryopreserved inTEST.There was no relationship betweenthe proportion of mature oocytes fertilised and the proportion ofoocytes that cleaved.
 We explored possible relationships between fertilisation ratesof different males and the traits of fresh semen samples fromthese different individuals.We observed positive significant rela-tionships between the fertilisation rate and both the percentageof normal spermatozoa (Fig. 6a) and the percentage of intactacrosomes (Fig. 6b).
 Discussion
 The present study is the first to characterise sperm traits of thecritically endangered Iberian lynx, explore the suitability of two
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 50 µm
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 (a)
 Fig. 5. Hybrid embryos resulting from heterologous IVF using cryo-preserved Iberian lynx spermatozoa and in vitro-matured domestic catoocytes. (a) Embryos examined by phase contrast 44 h after inseminationand (b) embryos after staining with Hoechst 33342 and examined under afluorescence microscope.
 diluents for semen cryopreservation and to examine the fertilis-ing ability of cryopreserved spermatozoa using a heterologousin vitro fertilisation assay with domestic cat oocytes.
 The total number of spermatozoa collected in ejaculatesof electrostimulated Iberian lynx was relatively low (mean3.3 × 106 spermatozoa). Total sperm numbers in other medium-sized felids after electroejaculation using a similar protocol havebeen reported to be much higher, for example 190 × 106 sperma-tozoa in the ocelot (Stoops et al. 2007), 101 × 106 spermatozoain the serval (Pukazhenthi et al. 2002), 56 × 106 spermatozoa inthe fishing cat (Thiangtum et al. 2006) and 41 × 106 spermato-zoa in the caracal (Howard 1993). Conversely, values seen in theIberian lynx are higher than those reported for other lynx species,such as the Eurasian lynx (1.6 × 106 total spermatozoa per ejacu-late during the breeding season; Jewgenow et al. 2006), and those
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 estimated for the bobcat (approximately 0.8 × 106 spermatozoaper ejaculate; Howard 1993).
 The proportion of motile spermatozoa in ejaculates fromthe Iberian lynx (73.5 ± 4.6%) was lower that reported for theocelot (83.3 ± 3.0%; Stoops et al. 2007) or caracal (85.0 ± 4.0;Howard 1993), but was similar to that reported for the fishingcat (73.0 ± 4.0%; Thiangtum et al. 2006), serval (73.0 ± 1.8%;Pukazhenthi et al. 2002) and Eurasian lynx (77.0%; Jewgenowet al. 2006), and was higher than that reported for the bobcat(48.0 ± 8.6%; Howard 1993).
 Compared with the percentage of intact acrosomes in theejaculate reported for the fishing cat (90%; Thiangtum et al.2006), ocelot (94%; Baudi et al. 2008) and Pallas’ cat (95%;Swanson et al. 2006), values obtained in the present study forthe Iberian lynx were relatively low (40.7 ± 2.3%).
 Several felids exhibit a high prevalence of teratospermia, with>60% morphologically abnormal spermatozoa in the ejaculate(Pukazhenthi et al. 2006b). Spermatozoa from teratospermicdonors have a reduced ability to undergo capacitation and theacrosome reaction, bind to and penetrate the zona pellucida,enter the periviteline space and fertilise conspecific oocytes.Even normal spermatozoa from teratospermic donors have animpaired ability to penetrate the zona pellucida (Pukazhenthiet al. 2006b). The number of morphologically normal spermato-zoa varies widely in felids (Wildt et al. 1983, 1986; for a review,see Pukazhenthi et al. 2006b), with some species showing highvalues of normal spermatozoa, such as the ocelot (78%; Stoopset al. 2007; Baudi et al. 2008), leopard cat (65%; Howard andWildt 1990) and serval (64%; Pukazhenthi et al. 2002), and oth-ers with extreme levels of teratospermia, as seen in the cheetah(12% normal spermatozoa; Roth et al. 1995) and the Florida pan-ther (6% normal spermatozoa; Barone et al. 1994). Comparedwith other felid species arranged according to the proportionof normal spermatozoa (Pukazhenthi et al. 2006b), the Iberianlynx was found to be in the lower part of the range. Male Iberianlynx produce a high number of pleiomorphic spermatozoa, withan average low value of morphologically normal spermatozoa(16–37%). These values are similar to those recorded in otherlynx species, such as the Eurasian lynx (28.7 ± 13.0% (Howard1993) and 26.0% (Jewgenow et al. 2006)), and in the bobcat(20.3 ± 4.7%; Howard 1993).
 It may be argued that sperm parameters in the Iberian lynxbased on semen collected approximately 1.5 months before thepeak of mating activity (as reported here) may not entirely reflectthe true quality of the ejaculate as seen during the breedingseason. The Iberian lynx appears to have a restricted seasonalreproduction lasting approximately 2 months.Although this maybe true for females, it is not known whether sperm productionoccurs over a wider time range. We have been able to collectsemen in April (5 months later than the timing reported in thepresent study) and found that the quality of the sperm was sim-ilar to that reported herein (N. Gañan, J. Garde, M. Gomendio,E. R. S. Roldan, unpubl. data). Future work will need to addresssperm quality in this species at the peak of the mating sea-son. Another factor that may affect sperm quality is inbreeding.Earlier work in various felids has revealed that low genetic vari-ability in different populations is associated with poor spermquality (for a review, see Roldan and Gomendio 2009). Thus,
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 Fig. 6. Relationship between fertilisation rates and sperm traits. Correla-tion between the percentage of fertilised oocytes and (a) the percentage ofnormal spermatozoa and (b) the percentage of intact acrosomes. P values ineach graph correspond to Spearman’s rank correlation coefficients.
 the low sperm quality identified in the Iberian lynx may be theresult of reduced genetic variability and future studies should bedesigned to examine this possibility.
 Although Ham’s F-10 medium has been used for IVF withgood results in several felids, including the tiger (Donoghueet al. 1990; Johnston et al. 1991), puma and lion (Johnston et al.1991) and cheetah (Donoghue et al. 1992b), we found that F-10did not support long-term survival of Iberian lynx spermatozoa,with SMI dropping from an initial value of 70 to approximately15 at the end of a 3-h incubation period. The alternative mediumtested in the present study (TCM-199) was no better in sustainingsperm motility during this period of time. When inactivated FBSor Iberian lynx serum were tested in F-10 medium, a decrease insperm motility and acrosome integrity was observed over timewith both sera. There was a much higher decline in SMI than inacrosome integrity in media containing either sera, but no dif-ferences were observed between sera. Thus, homologous serumdid not improve the survival of spermatozoa during incubationand, regardless of the media or sera used, there was a markeddecrease in sperm motility. Further studies are needed to identifyalternative media for sperm incubation.
 Differences were found between TEST and Biladyl cryo-diluents with regard to the proportion of motile spermatozoarecovered after thawing, with significantly better results seen forspermatozoa diluted in TEST. Conversely, no differences wereobserved between diluents with regards to acrosome integrity.
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 The percentage of motile spermatozoa after cryopreservationin TEST (34% motile spermatozoa; SMI 43) was lower thanthe SMI of 50–55 reported for the fishing cat (Thiangtum et al.2006), but better than values seen after cryopreservation of ocelotspermatozoa (25% motile sperm; Stoops et al. 2007); in all cases,a TEST–20% egg yolk–4% glycerol diluent was used and therefrigeration and freezing procedures were similar between stud-ies. The proportion of intact acrosomes after cryopreservation ofIberian lynx spermatozoa inTEST was 39%.Although low, thesevalues are better than those reported for other medium-sizedfelids, such as the fishing cat (20%; Thiangtum et al. 2006) andocelot (25%; Stoops et al. 2007), after similar cryopreservationprocedures.
 We found that Iberian lynx spermatozoa were capable of fer-tilising viable IVM domestic cat oocytes, thus opening up thepossibility of examining the functional capacity of spermatozoafrom this species under laboratory conditions. There were dif-ferences between the fertilisation rates achieved by the variousIberian lynx males, which agrees with previous reports indi-cating that fertilisation rates show a high degree of inter-malevariation (Howard and Wildt 1990; Donoghue et al. 1992b). Forspermatozoa cryopreserved in TEST, the lowest fertilisation rate(5%) was seen with spermatozoa from the youngest male used inthe present study (approximately 2.5 years old at time of semencollection). The best results were obtained with spermatozoafrom a small male (8.3 kg) that was approximately 3.5 years old.Fertilisation rates were slightly lower for the other males exam-ined, both of which were slightly older at approximately 5.5 yearsof age at the time of semen collection. Fertilisation rates wereassessed based on cleavage to at least the two-cell stage plus thepresence of pronuclei and polar bodies in non-cleaved oocytes48 h after insemination. Fertilisation by spermatozoa cryopre-served in TEST (20% of mature oocytes) was approximatelytwice that observed with spermatozoa cryopreserved in Biladyl(11% of mature oocytes), although the difference did not reachstatistical significance, probably due to the low number of malesavailable for the study.
 The fertilisation rates obtained for Iberian lynx spermato-zoa (20% for spermatozoa cryopreserved in TEST) are lowerthan those obtained with ejaculated and cryopreserved spermato-zoa from other medium-sized felids using similar conditions forcoincubation with viable domestic cat oocytes (and assessed onthe basis of cleavage to at least the two-cell stage 48 h after insem-ination). Howard and Wildt (1990) reported that leopard catspermatozoa fertilised approximately 55% of cat oocytes, com-pared with 62%, 64% and 46% for the fishing cat (Thiangtumet al. 2006), ocelot (Stoops et al. 2007) and Pallas’ cat (Swansonet al. 2006), respectively. There may be several reasons forthe lower fertilisation rates seen with Iberian lynx spermato-zoa. First, Iberian lynx sperm were collected just before thebreeding season, which may have resulted in suboptimal spermfunction (i.e. the ability to undergo changes required for fer-tilisation). Second, low fertilisation success may be related topoor sperm quality in the Iberian lynx (on average 24% nor-mal spermatozoa and 41% intact acrosomes) compared withhigher sperm quality in other felid species (45–78% normalspermatozoa, 90–95% intact acrosomes; see above) with higherfertilisation rates. Sperm morphology and acrosome integrity
 are important determinants of fertilisation success (Gomendioet al. 2007) and abnormal spermatozoa cannot participate infertilisation (Howard et al. 1991).
 Thus, we explored possible relationships between the fer-tilisation rates of different males and sperm traits of freshejaculates. We found positive significant relationships betweenthe percentage of heterologous fertilisation and both the per-centage of normal spermatozoa and the percentage of intactacrosomes, in agreement with relationships found using IVFassays in other species (Amann and Hammerstedt 1993; Gadea2005; Aitken 2006). These results are important because theyallow us to explore further the functional capacity of spermato-zoa from Iberian lynx. There may be limited opportunities to testsperm fertility using AI or IVF with homologous oocytes, so thepossibility of using domestic cat oocytes will have advantagesfor the assessment of either males before the breeding seasonor of cryopreserved spermatozoa stored in a genome resourcebank.
 In conclusion, the present study is the first detailed investi-gation of basal semen traits and sperm cryopreservation in theIberian lynx. The results indicate that: (1) it is possible to col-lect and cryopreserve semen from captive animals; (2) varioussperm traits of the Iberian lynx are similar to those of other small-sized felids and better than those recorded in other lynx species;(3) inactivated homologous serum does not result in better spermsurvival than inactivated FBS when added to media used to washand incubate spermatozoa; (4) there were no major differencesbetween two complex media (F-10 v. TCM-199) with regard tosperm survival and acrosome integrity; (5) spermatozoa from theIberian lynx survive cryopreservation with a protocol generallyused for felid spermatozoa, with better results obtained usingTEST as the cryodiluent than Biladyl; and (6) frozen–thawedspermatozoa from the Iberian lynx are capable of fertilisingheterologous oocytes from domestic cats in vitro, thus demon-strating that this is a useful method to evaluate sperm functionin the laboratory.
 AcknowledgementsThe authors thank David Wildt, JoGayle Howard, Rachel M. Santymire andKatharine Pelican for initial support in setting up the techniques for semencollection and evaluation. Juana Bergara, Luis Díez Klink, José Rodríguezand David Rodríguez from the ‘El Acebuche’captive breeding centre helpedwith various tasks. Ana del Olmo, Lucía Arregui and Adrián Sestelo collab-orated with fieldwork in 2005 and 2006. Eva Martín Becerra, Sandra ProlRollán, Begoña de la Cruz are thanked for their collaboration in the collec-tion and analyses of samples.The photograph in Fig. 1a was taken byAna delOlmo. Borja Heredia and Miguel Aymerich (Ministry of the Environment,Spain) and Miguel Angel Simón (Junta de Andalucia, Spain), are gratefullyacknowledged for their support. The authors thank the Consejería de MedioAmbiente, Junta de Andalucía, for allowing us to collect Iberian lynx bio-material for this project. Animal protection societies (ANAA, GATA, SPAP,CIACAM) and veterinary clinics (Ventas, Gattos, Mediterraneo, Arco Iris,Alonso Cano, Puerta de Toledo, Capacés, Ramón y Cajal, Retiro, Ayala yAlberto Alcocer, Castellana, Pío XII and Zurbano), all in Madrid, Spain, pro-vided us with samples from domestic cats. N.G. received financial supportfrom the Spanish Research Council (CSIC-I3P program) and the BBVAFoundation. R.G. received financial support from the Spanish ResearchCouncil (CSIC-I3P program). E.R.S.R. is the recipient of a Royal SocietyWolfson Research Merit Award. Funding for this work was obtained from

Page 11
                        
                        

858 Reproduction, Fertility and Development N. Gañán et al.
 the Spanish Ministry of the Environment, the Spanish Research Council andthe BBVA Foundation. Novauto (Ford Motor Co., Madrid, Spain) generouslydonated a vehicle for fieldwork.
 ReferencesAitken, R. J. (2006). Sperm function tests and fertility. Int. J. Androl. 29,
 69–75. doi:10.1111/J.1365-2605.2005.00630.XAlda, F., Inogé, J., Alcaraz, L., Oria, J., Aranda, A., and Doadrio, I. (2008).
 Looking for the Iberian lynx in central Spain: a needle in a haystack?Anim. Conserv. 11, 297–305. doi:10.1111/J.1469-1795.2008.00185.X
 Amann, R. P., and Hammerstedt, R. H. (1993). In vitro evaluation of spermquality. An opinion. J. Androl. 14, 397–406.
 Andrews, J. C., Howard, J. C., Bavister, B. D., and Wildt, D. E. (1992). Spermcapacitation in the domestic cat (Felis catus) and leopard cat (Felis ben-galensis) as studied with a salt-stored zona pellucida penetration assay.Mol. Reprod. Dev. 31, 200–207. doi:10.1002/MRD.1080310307
 Barone, M. A., Roelke, M. E., Howard, J. G., Brown, J. L., Anderson,A. E., and Wildt, D. E. (1994). Reproductive characteristics of maleFlorida panthers: comparative studies from Florida, Texas, Colorado,Latin America and North American zoos. J. Mammal. 75, 150–162.doi:10.2307/1382247
 Baudi, D. L. K., Jewgenow, K., Pukazhenthi, B., Spercoski, K. M.,Santos, A. S., Reghelin, A. L. S., Candido, M. V., Javorouski, M. L.,Müller, G., and Morais, R. N. (2008). Influence of cooling rate on theability of frozen–thawed sperm to bind to heterologous zona pellucida, asassessed by competitive in vitro binding assay in the ocelot (Leoparduspardalis) and tigrina (Leopardus tigrinus).Theriogenology 69, 204–211.doi:10.1016/J.THERIOGENOLOGY.2007.09.013
 Donoghue,A. M., Johnston, L.A., Seal, U. S.,Armstrong, D. L.,Tilson, R. L.,Wolf, P., Petrini, K., Simmons, L. G., Gross, T., and Wildt, D. E. (1990).In vitro fertilization and embryo development in vitro and in vivo inthe tiger (Panthera tigris). Biol. Reprod. 43, 733–744. doi:10.1095/BIOLREPROD43.5.733
 Donoghue, A. M., Johnston, L. A., Seal, U. S., Armstrong, D. L., Simmons,L. G., Gross, T., Tilson, R. L., and Wildt, D. E. (1992a). Ability of thawedtiger (Panthera tigris) spermatozoa to fertilize conspecific eggs and bindand penetrate domestic cat eggs in vitro. J. Reprod. Fertil. 96, 555–564.doi:10.1530/JRF.0.0960555
 Donoghue, A. M., Howard, J. G., Byers, A. P., Goodrowe, K. L., Bush, M.,Blumer, E., Lukas, J., Stover, J., Snodgrass, K., and Wildt, D. E. (1992b).Correlation of sperm viability with gamete interaction and fertilizationin vitro in the cheetah (Acinonyx jubatus). Biol. Reprod. 46, 1047–1056.doi:10.1095/BIOLREPROD46.6.1047
 Gadea, J. (2005). Sperm factors related to in vitro and in vivo porcine fertil-ity. Theriogenology 63, 431–444. doi:10.1016/J.THERIOGENOLOGY.2004.09.023
 Gomendio, M., Malo, A. F., Garde, J., and Roldan, E. R. S. (2007). Spermtraits and male fertility in natural populations. Reproduction 134, 19–29.doi:10.1530/REP-07-0143
 Gómez, M. C., Pope, E., Harris, R., Mikota, S., and Dresser, B. L. (2003).Development of in vitro matured, in vitro fertilized domestic cat embryosfollowing cryopreservation, culture and transfer. Theriogenology 60,239–251. doi:10.1016/S0093-691X(03)00004-9
 Harcourt, A. H., Purvis, A., and Liles, L. (1995). Sperm competition matingsystem not breeding season affects testes size of primates. Funct. Ecol.9, 468–476. doi:10.2307/2390011
 Howard, J. G. (1993). Semen collection and analysis in carnivores. In‘Zoo and Wildlife Medicine 3’. (Ed. M. E. Fowler.) pp. 390–398.(W. B. Saunders: Philadelphia.)
 Howard, J. G., and Wildt, D. E. (1990). Ejaculate-hormonal traits in theleopard cat (Felis bengalensis) and sperm function as measured byin vitro penetration of zona-free hamster ova and zona-intact domestic
 cat oocytes. Mol. Reprod. Dev. 26, 163–174. doi:10.1002/MRD.1080260211
 Howard, J. G., Bush, M., and Wildt, D. E. (1991). Teratospermia in domesticcats compromises penetration of zona-free hamster ova and cat zonaepellucidae. J. Androl. 12, 36–45.
 International Union for Conservation of Nature (IUCN) (2008). ‘2008 IUCNRed List of Threatened Species.’Available at: http://www.iucnredlist.org[Verified 9 October 2008].
 Jewgenow, K., Goeritz, F., Neubauer, K., Fickel, J., and Naidenko, S. V.(2006). Characterization of reproductive activity in captive maleEurasian lynx (Lynx lynx). Eur. J. Wildl. Res. 52, 34–38.doi:10.1007/S10344-005-0002-6
 Johnson, W. E., Godoy, J. A., Palomares, F., Delibes, M., Fernandes, M.,Revilla, E., and O’Brien, S. J. (2004). Phylogenetic and phylogeo-graphic analysis of Iberian lynx populations. J. Hered. 95, 19–28.doi:10.1093/JHERED/ESH006
 Johnston, L. A., Donoghue, A. M., O’Brien, S. J., and Wildt, D. E.(1991). Rescue and maturation in vitro of follicular oocytes col-lected from nondomestic felid species. Biol. Reprod. 45, 898–906.doi:10.1095/BIOLREPROD45.6.898
 Larson, J. L., and Miller, D. J. (1999). Simple histochemical stainfor acrosomes on sperm from several species. Mol. Reprod. Dev.52, 445–449. doi:10.1002/(SICI)1098-2795(199904)52:4<445::AID-MRD14>3.0.CO;2-6
 Leibo, S. P., and Songsasen, N. (2002). Cryopreservation of gametesand embryos of non-domestic species. Theriogenology 57, 303–326.doi:10.1016/S0093-691X(01)00673-2
 Luvoni, G. C. (2006). Gamete cryopreservation in the domestic cat. The-riogenology 66, 101–111. doi:10.1016/J.THERIOGENOLOGY.2006.03.012
 Merlo, B., Iacomo, E., Zambelli, D., and Belluzzi, S. (2005). Effect ofEGF on in vitro maturation of domestic cat oocytes. Theriogenology 63,2032–2039. doi:10.1016/J.THERIOGENOLOGY.2004.09.045
 Nowell, K., and Jackson, P. (1996). ‘Wild Cats: Status Survey and Con-servation Action Plan.’ (IUCN/SSC Cat Specialist Group: Gland,Switzerland.)
 Pope, C. E., Gomez, M. C., and Dresser, B. L. (2006). In vitro embryoproduction and embryo transfer in domestic and non-domestic cats. The-riogenology 66, 1518–1524. doi:10.1016/J.THERIOGENOLOGY.2006.01.026
 Pukazhenthi, B. S., and Wildt, D. E. (2004). Which reproductive technolo-gies are most relevant to studying, managing and conserving wildlife?Reprod. Fertil. Dev. 16, 33–46. doi:10.1071/RD03076
 Pukazhenthi, B., Spindler, R., Wildt, D. E., Bush, L. M., and Howard, J. G.(2002). Osmotic properties of spermatozoa from felids producingdifferent proportions of pleiomorphisms: influence of adding andremoving cryoprotectant. Cryobiology 44, 288–300. doi:10.1016/S0011-2240(02)00035-4
 Pukazhenthi, B., Comizzoli, P., Travis, A. J., and Wildt, D. E. (2006a).Applications of emerging technologies to the study and conservationof threatened and endangered species. Reprod. Fertil. Dev. 18, 77–90.doi:10.1071/RD05117
 Pukazhenthi, B. S., Neubauer, K., Jewgenow, K., Howard, J. G., and Wildt,D. E. (2006b). The impact and potential etiology of teratospermia inthe domestic cat and its wild relatives. Theriogenology 66, 112–121.doi:10.1016/J.THERIOGENOLOGY.2006.03.020
 Pukazhenthi, B., Santymire, R., Crosier, A., Howard, J. G., and Wildt, D. E.(2007). Challenges in cryopreserving endangered mammal spermaozoa:morphology and the value of acrosomal integrity as markers of cryo-survival. In ‘Spermatology’. (Eds E. R. S. Roldan and M. Gomendio.)pp. 433–446. (Nottingham University Press: Nottingham.)
 Rodríguez, A. (2007). Lynx pardinus (Temminck, 1827). In ‘Atlas y librorojo de los mamíferos de España’. (Eds L. J. Palomo, J. Gisbert and

Page 12
                        
                        

Semen cryopreservation in the Iberian lynx Reproduction, Fertility and Development 859
 J. C. Blanco.) pp. 342–344. (Dirección General para la Biodiversidad–SECEM–SECEMU: Madrid.)
 Rodríguez,A., and Delibes, M. (2003). Population fragmentation and extinc-tion in the Iberian lynx. Biol. Conserv. 109, 321–331. doi:10.1016/S0006-3207(02)00158-1
 Roldan, E. R. S., and Gomendio, M. (2009). Sperm and conservation. In‘Sperm Biology: An evolutionary perspective’. (Eds T. R. Birkhead,D. J. Hosken and S. Pitnick.) pp. 539–564. (Academic Press: Burlington,MA.)
 Roth, T. L., Howard, J. G., Donoghue,A. M., Swanson, W. F., and Wildt, D. E.(1994). Function and culture requirements of snow leopard (Pan-thera uncia) spermatozoa in vitro. J. Reprod. Fertil. 101, 563–569.doi:10.1530/JRF.0.1010563
 Roth, T. L., Swanson, W. F., Blumer, E., and Wildt, D. E. (1995).Enhancing zona penetration by spermatozoa from a teratospermicspecies, the cheetah (Acinonyx jubatus). J. Exp. Zool. 271, 323–330.doi:10.1002/JEZ.1402710410
 Stoops, M. A., Bond, J. B., Bateman, H. L., Campbell, M. K., Levels, G. P.,Browsher, T. R., Ferrell, S. T., and Swanson, W. F. (2007). Compari-son of different sperm cryopreservation procedures on post-thaw qualityand heterologous in vitro fertilisation success in the ocelot (Leoparduspardalis). Reprod. Fertil. Dev. 19, 685–694. doi:10.1071/RD06078
 Swanson, W. F. (2006). Application of assisted reproduction for populationmanagement in felids: The potential and reality for conservation of smallcats. Theriogenology 66, 49–58. doi:10.1016/J.THERIOGENOLOGY.2006.03.024
 Swanson, W. F., and Wildt, D. E. (1997). Strategies and progress in repro-ductive research involving small cat species. Int. Zoo Yb. 35, 152–159.doi:10.1111/J.1748-1090.1997.TB01205.X
 Swanson, W. F., Maggs, D. J., Clarke, H. E., Newell, A. E., Bond, J. B.,Bateman, H. L., and Kennedy-Stoskopf, S. (2006). Assessment of viralpresence in semen and reproductive function of frozen–thawed sper-matozoa from Pallas’ cats (Otocolobus manul) infected with felineherpesvirus. J. Zoo Wildl. Med. 37, 336–346. doi:10.1638/05-073.1
 Swanson, W. F., Stoops, M. A., Magarey, G. M., and Herrick, J. R.(2007). Sperm cryopreservation in endangered felids: developing link-age of in situ–ex situ populations. In ‘Spermatology’. (Eds E. R. S.Roldan and M. Gomendio.) pp. 417–432. (Nottingham University Press:Nottingham.)
 http://www.publish.csiro.au/journals/rfd
 Thiangtum, K., Swanson,W., Howard, J. G.,Tunwattana,W.,Tongthainam, D.,Wichasilpa, W., Patumrattanathan, P., and Pinyopoommintr, T. (2006).Assessment of basic seminal characteristics, sperm cryopreservationand heterologous in vitro fertilisation in the fishing cat (Prionailurusviverrinus). Reprod. Fertil. Dev. 18, 373–382. doi:10.1071/RD05098
 Vargas, A., Sánchez, I., Godoy, J., Roldan, E., Martínez, F., and Simón, M. A.(Eds) (2007). ‘Revised Action Plan for Captive Breeding of IberianLynx.’ 4th edn. (Ministerio de Medio Ambiente: Madrid.)
 Vargas, A., Sánchez, I., Martínez, F., Rivas, A., Godoy, J. A., et al. (2008).The Iberian lynx Lynx pardinus conservation breeding program. Int. ZooYb. 42, 190–198. doi:10.1111/J.1748-1090.2007.00036.X
 Watson, P. F. (2000). The causes of reduced fertility with cryopre-served semen. Anim. Reprod. Sci. 60–61, 481–492. doi:10.1016/S0378-4320(00)00099-3
 Wildt, D. E. (1990). Potencial applications of IVF technology for species con-servation. In ‘Fertilization in Mammals’. (Eds B. D. Bavister, J. Cumminsand E. R. S. Roldan.) pp. 349–364. (Serono Symposia: Norwell, MA.)
 Wildt, D. E., Bush, M., Howard, J. G., O’Brien, S. J., Meltzer, D., Van Dyk,A., Ebedes, H., and Brand, J. (1983). Unique seminal quality in the SouthAfrican cheetah and a comparative evaluation in the domestic cat. Biol.Reprod. 29, 1019–1025. doi:10.1095/BIOLREPROD29.4.1019
 Wildt, D. E., Howard, J. G., Hall, L. L., and Bush, M. (1986). Reproductivephysiology of the clouded leopard: I. Electroejaculates contains high pro-portions of pleiomorphic spermatozoa throughout the year. Biol. Reprod.34, 937–947. doi:10.1095/BIOLREPROD34.5.937
 Wildt, D. E., Rall, W. F., Critser, J. K., and Monfort, S. L. (1997).Genome resource banks: living collections for biodiversity conservation.Bioscience 47, 689–698. doi:10.2307/1313209
 Yu, I., Songsasen, N., Godke, R. A., and Leibo, S. P. (2002). Differ-ences among dogs in response of their spermatozoa to cryopreservationusing various cooling and warming rates. Cryobiology 44, 62–78.doi:10.1016/S0011-2240(02)00005-6
 Manuscript received 10 October 2008, accepted 17 May 2009



						
LOAD MORE                    

                                    


                
                    
                    
                                        
                

                

                        


                    

                                                    
                                Manipulations d'analyse biochimique

                            

                                                    
                                Basic principles of cryopreservation

                            

                                                    
                                Cryopreservation of hematopoietic stem cells: how did we ...pactgroup.net/system/files/07workshop_12_hubel.pdf · cryopreservation Cryopreservation is typically used for – Umbilical

                            

                                                    
                                Cryopreservation Technical Manual

                            

                                                    
                                CSnyder_ photo manipulations

                            

                                                    
                                Cryopreservation Innovative Solutions - LabXpertslabxperts.at/images/HerstellerPDFs/1_Panasonic... · Cryopreservation 4 Cryopreservation refers to the storage of a living organism,

                            

                                                    
                                VST manipulations

                            

                                                    
                                Cryopreservation of fish gametes. What is cryopreservation? Cryopreservation is the long term preservation of biological material at ultra-low temperatures,

                            

                                                    
                                Cryopreservation src

                            

                                                    
                                Cryopreservation Hubalek 2003.pdf

                            

                                                    
                                Elections and Manipulations:

                            

                                                    
                                Zerjavic Manipulations

                            

                                                    
                                MongoDB Data Manipulations

                            

                                                    
                                Comparison of Cryopreservation Media

                            

                                                    
                                An Effective New Cryopreservation Procedure for Pancreatic … · cryopreservation hollowfiber An Effective New Cryopreservation Procedure for Pancreatic Islets Using Hollow Fiber

                            

                                                    
                                Cell Cryopreservation BioCision 2015

                            

                                                    
                                Cryopreservation Manual - Fisher Scientificiris.fishersci.ca/LitRepo.nsf/0/10950972D39BA13B8525711C00690BFA/... · Cryopreservation Manual ... Media for Cell and Tissue Cryopreservation

                            

                                                    
                                Playing Card Manipulations

                            

                                                    
                                CRYOPRESERVATION EQUIPMENTS IN xx STEM CELLS · CRYOPRESERVATION EQUIPMENTS IN STEM CELLS – A GLOBAL MARKET WATCH, 2009-2015 MAY 2011 BACK I. REPORT FOCUS The „Cryopreservation

                            

                                                    
                                Nucleic Acid Manipulations

                            

                                                    
                                Embryo Cryopreservation Metaanalysis

                            

                                                    
                                Cryopreservation: trouble shootingpactgroup.net/system/files/webcast9_hubel.pdf35 minute presentation Clinical context for cryopreservation Cryopreservation is typically used for a

                            

                                                    
                                Nutritional manipulations

                            

                                                    
                                Plant Cryopreservation at HBG

                            

                                                    
                                Cryopreservation in Assisted Reproduction

                            

                                                    
                                Chromosome manipulations

                            

                                                    
                                Workshop on CRYOPRESERVATION AND … Cryopreservation Course & Workshop 1999-2015 Workshop on CRYOPRESERVATION AND RECOVERY TECHNIQUES IN THE LABORATORY MOUSE November 16 - 20, 2015

                            

                                                    
                                JavaScript DOM Manipulations

                            

                                                    
                                Orchid cryopreservation REVIEW 213

                            

                                                    
                                MVE Cryopreservation for Life Sciences€¦ · MVE Cryopreservation for Life Sciences. Storage & Transport Systems for MVE Cryopreservation.  844-MVE-CRYO

                            

                                                    
                                Image Manipulations

                            

                                                    
                                Thermo Scientific Cryopreservation Storage … Scientific Cryopreservation Storage Equipment Indefinite sample storage. Infinite possibilities. 2 Thermo Scientific Cryopreservation

                            

                                                    
                                Asymptote Guide to Cryopreservation

                            

                                                    
                                Ambystoma mexicanum sperm cryopreservation

                            

                                                    
                                Photo manipulations

                            

                        
                    

                                    

            

        

    

















    
        
            
                	About us
	Contact us
	Term
	DMCA
	Privacy Policy



                	English
	Français
	Español
	Deutsch


            

        

        
            
                Copyright © 2022 VDOCUMENTS

            

                    

    








    


