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bstract

Careful genetic management, including cryopreservation of genetic material, is central to conservation of the endangered
exican gray wolf. We tested a technique, previously used to vitrify human and domestic animal oocytes, on oocytes from

omestic dogs as a model and from the endangered Mexican wolf. This method provided a way to conserve oocytes from
enetically valuable older female Mexican wolves as an alternative to embryos for preserving female genes. Oocytes were
spirated from ovaries of 36 female dogs in December and March (0 to 65 oocytes per female) and from six female wolves (4
o 73 per female) during their physiologic breeding season, or following stimulation with the GnRH agonist deslorelin. Oocytes
rom dogs were pooled; half were immediately tested for viability and the remainder vitrified, then warmed and tested for viability.
ll oocytes were vitrified by being moved through media of increasing cryoprotectant concentration, placed on Cryotops, and
lunged into liquid nitrogen. There was no difference in viability (propidium iodide staining) between fresh and vitrified, warmed
og oocytes (65.7 and 61.0%, respectively, P � 0.27). Oocyte viability after warming was similarly assessed in a subset of wolves
4 to 15 oocytes from each of three females; total 29 oocytes). Of these, 57.1% of the post-thaw intact oocytes were viable, which
as 41.4% of all oocytes warmed. These were the first oocytes from a canid or an endangered species demonstrated to have
aintained viability after vitrification and warming. Furthermore, our results demonstrated that vitrification of oocytes with the
ryotop technique was an option for preserving female gametes from Mexican wolves for future use in captive breeding programs,
lthough in vitro embryo production techniques must first be developed in canids for this technique to be used.

2010 Published by Elsevier Inc.
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. Introduction

The Mexican gray wolf (Canis lupus baileyi),
isted in 1976 by the U.S. Fish and Wildlife Service
USFWS) as an endangered subspecies of the gray
olf, provides an excellent example of the successful
se of captive breeding in species recovery. Considered

* Corresponding author. Tel.: 314-646-4523; fax: 314-646-5534.

tE-mail address: asa@stlzoo.org (C.S. Asa).

093-691X/$ – see front matter © 2010 Published by Elsevier Inc.
oi:10.1016/j.theriogenology.2010.10.004
xtinct in the wild at the time of listing, re-introduction
elied solely on wolves produced through captive
reeding. The current captive population of Mexican
olves numbers 340 individuals maintained in 47 zoos

nd related facilities in the USA and Mexico [1]. How-
ver, because these wolves all trace to only six or seven
riginal founders [2], that is, genetic ancestors of the
ntire Mexican wolf population, careful genetic man-
gement is required. Selection of breeding pairs seeks

o maintain or increase gene diversity by considering

mailto:asa@stlzoo.org
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ean kinship (how many relatives exist in the current
opulation) and by avoiding inbreeding [1].

To preserve genes from this limited population, a
rozen semen bank was created in 1991 at the Saint
ouis Zoo, under the auspices of the USFWS Mexican
olf recovery program. At present, this semen bank
olds samples from 65 individual Mexican wolves.
owever, until very recently, the only method for pre-

erving female gametes was by embryo cryopreserva-
ion, which does not permit as much genetic flexibility
s possible with egg and sperm cells, because the ge-
etic match must be made at the time the embryo is
reated for cryopreservation, with currently available
perm sample(s). Having the option to fertilize ova
rom these females with sperm from more males than
hose currently living is important to optimize genetic
anagement. The ability to cryopreserve ova rather

han embryos from genetically valuable Mexican wolf
emales for future use in in vitro fertilization would
rovide an extremely valuable tool to population man-
gers.

Vitrification has been successful with ova from a
ariety of domestic and laboratory species as well as
umans (cow [3], horse and cow [4], pig [5], cat [6],
uman [7–11]), but has not yet been applied to endan-
ered species recovery programs. Although successful
n vitro maturation and fertilization protocols have not
een established for canids, vitrification of oocytes
ould rescue genes from female Mexican wolves, es-
ecially from aging females that have produced few or
o offspring, for future use. Given the tremendous
dvances in in vitro embryo production systems in
ecent years and, in particular, the interest in in vitro
mbryo techniques for application to domestic dogs,
hese technologies are likely to become available, so
hat frozen eggs can be used when the genes repre-
ented by these samples are needed for genetic popu-
ation management in the future.

The objective of this study was to establish a pro-
ocol to cryopreserve oocytes from Mexican wolves.
onducting properly controlled studies with wolf oo-
ytes was not possible, because we were required by
SFWS and the AZA Mexican Wolf SSP to minimize
astage of the limited number of oocytes from these
enetically valuable wolves and the protocols necessary
o evaluate oocyte viability either before or after vitri-
cation rendered them non-viable. To address this
roblem, we used oocytes from domestic dogs to con-
uct a controlled comparison of the effects of vitrifica-

ion on subsequent oocyte viability. Domestic dogs are t
n appropriate model species for wolves, since wolves
re considered to be their ancestors [12].

. Materials and methods

.1. Animals: dogs

Ovaries were obtained from various breeds of dogs
n two independent occasions in December (N � 16)
nd March (N � 20) following elective ovariohyster-
ctomy at two local veterinary clinics. Based on owner
nformation, all females were adults except one, as-
umed prepubertal because it was less than 1 y of age
nd estrus had not been observed. For the adult dogs,
ay of cycle at time of surgery was not known, but none
ad been treated with products for contraception or
timulation of estrus or ovulation. Because dogs do not
eproduce seasonally, these females could have been in
ny point of the reproductive cycle at the time of
urgery.

.2. Animals: wolves

The Association of Zoos and Aquariums (AZA)
exican Wolf Species Survival Program (SSP) and the
SFWS Mexican Wolf Recovery Program identified

ndividual female wolves for oocyte preservation that,
ecause of advancing age or illness, were unlikely to
eproduce naturally. Females were selected because of
heir genetic value to the program, i.e., the importance
f preserving their genes, rather than to optimize oocyte
uality or quantity. The procedures were approved by
he Saint Louis Zoo Institutional Animal Care and Use
ommittee.

Ovaries were obtained from five Mexican gray wolves
nd one generic gray wolf (F419) between late January
nd mid-March, their natural breeding season [1]. Two
emales (Table 1) were treated with Ovuplant® (Peptech
nimal Health, New South Wales, Australia), which

ontains 2.1 mg of the GnRH agonist deslorelin, to
timulate follicle growth before surgery, which was
cheduled to occur before predicted ovulation. Al-
hough marketed for ovulation induction in domestic
ares, Ovuplant® has been used successfully to induce

strus and ovulation in domestic dogs [13] and in
olves [14]. One female (Table 1) had been treated 5
o previously with Suprelorin® (Peptech Animal
ealth), which also contained deslorelin (4.7 mg), but

n a slow-release implant matrix, designed for 6-mo
elease and used for contraception. The mode of action
f Suprelorin® is to first stimulate pituitary gonado-

rophs, so estrus and ovulation often occur before
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own-regulation is achieved. She was included in the
tudy because she developed pyometra, necessitating
variohysterectomy, and a decision was made to try to
alvage oocytes. The remaining females were not
reated with either Ovuplant® or Suprelorin®.

The wolves were housed at various zoos and captive
reeding facilities in the USA (Table 1), which in four
ases necessitated shipment of ovaries by air to our
aboratory in St. Louis immediately after ovariectomy.
or the other two female wolves, aspiration immedi-
tely followed surgery; in one case the team traveled to
innesota and in the other, the female was brought to

he Saint Louis Zoo for ovariectomy.

.3. Shipment of dog ovaries

Ovaries, still in the bursa, were transported by car to
he Saint Louis Zoo for oocyte aspiration and vitrifica-
ion on the same day surgery was performed. From the
ime of surgical removal, ovaries were kept moist with
arm sterile saline and placed in either 50 mL conical

ubes or directly into a pre-warmed thermos for transfer
o St. Louis. The interval from surgery to aspiration
anged from 2 to 5 h and the temperature in the con-
ainer did not decrease below 28 °C by the time of
rrival.

.4. Shipment of wolf ovaries

Immediately after surgical removal, ovaries were
eft in the bursa and wrapped in gauze squares soaked
n warm sterile saline, secured in separate zip-lock
lastic bags, and placed in a 250 mL plastic cup. The
up was placed in an insulated container (Equitainer:
amilton Research Inc., South Hamilton, MA, USA)

long with a gel-pack heated to approximately 38 °C.
he Equitainer was shipped same-day air cargo to Saint
ouis, Missouri, with a resulting transit time from sur-
ery to aspiration of 5.5 to 8.5 h. On arrival, the ther-
ometer in the bag containing the ovaries verified that

able 1
ge, origin, treatment, and procedure dates for female wolves used

Wolf ID Age (y) Facility location Treatment O

419 10 WSC Ovuplant
435 13 SWREF Ovuplant
741 7 EPZ Suprelorin
188 12 WSC None
204 11 WCSRC None
516 11 NYWCC None

SC, Wildlife Science Center, Forest Lake, MN, USA; SWREC, So
SA; EPZ: El Paso Zoo: El Paso, TX, USA; WCSRC, Wild Canid Su
onservation Center, Salem, NY, USA.
he temperature had not dropped more than 10 °C. g
.5. Oocyte recovery: dog and wolf

On arrival in the laboratory, each ovary was re-
oved from the surrounding bursa with a scalpel, and

ny structures (e.g., follicles, ovulation sites, corpora
utea) were noted. Aspiration was performed using a
0-g needle with a 3-mL syringe for ovaries from all
ut two wolves, when a vacuum pump (Cook Vmar-
000: Cook Veterinary Products, Bloomington, IN,
SA) was used at 2.8 mm Hg. The aspirated follicular
uid was collected into a 15 mL conical tube containing
wash solution that consisted of HEPES medium

Modified HTF Medium with Gentamicin-HEPES (10
g/mL gentamicin, 21 mM HEPES buffer, 4 mM so-
ium bicarbonate): Irvine Scientific, Santa Ana, CA,
SA) plus Synthetic Serum Substitute (SSS: Irvine
cientific). This wash medium (HEPES) was used

hroughout the study, including vitrification and thaw-
ng steps.

.6. Oocyte selection

Follicular fluid with wash solution was transferred
nto 35-mm Petri dishes (Falcon 1008, Becton Dickin-
on, Franklin Lakes, NJ, USA) to search for oocytes.
or all females, oocytes were examined for an intact
ona pellucida and homogeneous cytoplasm. Due to the
arkness of the cytoplasm, no further morphological
ssessment was possible (e.g., presence of vacuoles or
its). Oocytes were then counted and placed in a new
ash solution on a warm plate. Once all oocytes were

ocated and selected, the number to be vitrified was
etermined. Selection was based upon traditional mor-
hological criteria, including an intact zona pellucida,
omogeneous cytoplasm and compact cumulus cell
ass, which are considered to be indicators of oocyte
eiotic competence [15].
Because oocyte banking for the one non-endan-

tudy.

shipped Shipment time Date treated Date aspirated

o N/A 11 Jan 21 Jan
es 7 h 29 Jan 6 Feb
es 8.5 h 13 Oct 12 Mar
es 7 h — 9 Jan
o N/A — 19 Feb
es 5.5 h 10 Feb

t Wildlife Rehabilitation and Education Foundation, Scottsdale, AZ,
and Research Center, Eureka, MO, USA; NYWCC, New York Wolf
in the s

varies

N
Y
Y
Y
N
Y

uthwes
rvival
ered, gray wolf (419) was less critical, her oocytes
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ere the first of those from wolves to be vitrified. In
hat case only, conditions were optimized for successful
itrification, rather than for eventual culture, by remov-
ng cumulus cells, because cumulus cell mass has been
hought to interfere with the vitrification process. Oo-
ytes were exposed to 60 U hyaluronidase for 30 s, and
hen cleaned mechanically with pulled glass pipettes.
owever, cumulus cells are critical for oocyte in vitro
aturation [16], and more recent studies indicate that

itrification of cumulus oocyte complexes can work
ffectively for oocyte maturation [17]. Therefore, for
ocytes from all dogs and the rest of the wolves, the
orona cell layer associated with each oocyte was left
ntact to improve chances for future maturation and
ertilization.

All selected oocytes from wolves were vitrified to
reserve as many gametes as possible. However, with
he dog gametes, all selected oocytes on each collection
ay were pooled then the pool was separated into two
ractions: half (70) were immediately mounted and
tained to assess viability without vitrification, whereas
he remaining oocytes (75) were vitrified and later
armed to determine the effects of the vitrification
rocess on oocyte viability.

.7. Vitrification

For the vitrification procedure, oocytes were held at
oom temperature and protected from light. To prepare
oth dog and wolf oocytes for vitrification, each oocyte
as first placed in a wash solution droplet, held at

mbient temperature and then exposed to solutions with
ncreasing concentrations of ethylene glycol (Sigma
ldrich, St. Louis, MO, USA) plus DMSO (dimethyl

ulfoxide: Sigma Aldrich) in HEPES medium. Oocytes
emained in each droplet for 3 min until reaching a final
oncentration of 7.5% ethylene glycol and 7.5% DMSO
n HEPES with 20% SSS. Oocytes were then moved to
nother 35-mm petri dish to a final exposure of 15%
thylene glycol, 15% DMSO and 0.5 M sucrose solu-
ion in HEPES with 20% SSS using the method devel-
ped by Kuwayama and colleagues [7–9,17]. All vitri-
cation media were prepared prior to oocyte collection
nd filtered using 0.22 Millex PF filter (Millipore, Bil-
erica, MA, USA). Three to five oocytes were exposed
or less than 1 min in the final vitrification solution and
hen transferred to Cryotops (Kitazako Supply Co.,
ujinomiya, Japan) and immediately plunged into liq-
id nitrogen. Cryotops were then capped, placed on
anes and transferred to liquid nitrogen tanks for stor-

ge. c
.8. Oocyte warming and viability testing

The effect of vitrification on dog oocytes was eval-
ated by comparing viability of matched subsets of
ocytes: fresh vs. vitrified and warmed. In addition, a
mall number of vitrified oocytes from a few wolves
ere warmed for post-vitrification viability assessment.
or the wolves, the females and the number of oocytes

o be sacrificed per female was determined by the AZA
exican Wolf SSP, based primarily on relative genetic

alue of the female, since such testing permanently
emoved the oocyte from the gene bank.

For vitrified oocytes, following removal of the pro-
ective cap while still submerged in liquid nitrogen,
ach Cryotop with oocytes to be warmed was trans-
erred directly into a small culture dish containing 5 mL
hawing solution (1M sucrose in HEPES medium with
0% SSS) warmed to 37 °C. After 1 min in the thawing
olution oocytes were transferred into droplets with
ecreasing concentrations of 0.5 M sucrose to 0.2 M
ucrose in 2 min increments, and finally into wash
olution at room temperature [8,18].

Viability of all oocytes was assessed using a stan-
ard procedure [19,20]. Oocytes were placed into D-
BS supplemented with 0.1% polyvinyl alcohol and
00 �g/mL propidium iodide (PI; Sigma-Aldrich) and
ncubated in the dark at room temperature for 15 min.
ach oocyte was examined in the staining solution
sing a fluorescent microscope. Oocytes that stained
ed (PI positive) due to disruption of the plasma mem-
rane and passage of the PI into the cell indicated the
ocyte was dead. Viable cells did not stain with any red
uorescence (PI negative), indicating plasma mem-
rane integrity (Fig. 1). After viability staining, oocytes
ere mounted on a glass slide under a cover slip, fixed

n 3:1 acetic acid:ethanol, stained with aceto-orcein and
hromatin visualized using phase contrast microscopy
o evaluate nuclear maturation status.

.9. Statistical analysis

Oocyte viability was analyzed using a balanced
NOVA. Data were coded as 0 or 1 (either intact/lysed
r viable/not viable, depending on the analysis). For
nalysis of differences between intact and viable oo-
ytes among females, “female” was included in the
odel as a fixed factor. Differences were determined

y Bonferroni multiple-comparison test. For compari-
on of viability prior to vitrification and following
arming of dog oocytes, time of assessment (i.e., pre-
r post-vitrification) was included in the model as a
xed factor and replicate as a random factor. Signifi-

ance was calculated as P � 0.05.
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. Results

.1. Results: dog

There was no difference (P � 0.27) in viability of
og oocytes prior to and following vitrification using
he Cryotop method (Table 2). During the warming
rocess, some were lost or lysed, leaving 59 intact
ocytes for viability comparison to the fresh oocytes.
he decline in viability following vitrification was only
%, (66% live prior to vitrification and 61% live fol-
owing vitrification and warming) a non-significant dif-
erence. No differences in percent viability between
ource of ovaries or month of collection were observed,
or did viability results from the prepubertal dog differ
rom those from the adults. The number of oocytes
ecovered from the adult dogs ranged from 0 to 16 per
vary (ovaries were not maintained separately by dog,
ecessitating counts per ovary rather than per dog).
owever, the ovaries of the one prepubertal dog, which
as sent separately, yielded a total of 65 oocytes.

.2. Results: wolf

In general, more oocytes were retrieved from the
varies of female wolves stimulated with the short-

able 2
iability of domestic dog oocytes prior to and following vitrification
sing the identical procedure described for wolf oocytes. No
ignificant difference was observed in the viability of dog oocytes
hen examined before vitrification and after warminga.

Time of assessment No. Viable oocytes (%)b

rior to vitrification 70 46 (65.7 � 5.7%)
fter warming 59 36 (61.0 � 6.4%)

a Data were collected in two replicates.

ig. 1. Wolf oocytes vitrified using the cryotop method, and stained w
ray wolf oocyte that remained viable after vitrification and thawing
hawing. Bars represent 50 �m.
(b Percentages are presented as mean � SEM.
cting GnRH agonist Ovuplant, with one notable
xception, female 516, whose ovaries yielded the
argest number, despite not being stimulated (Table
). The number of oocytes aspirated per female did
ot appear related to the date of collection (i.e., point
uring the breeding season) nor to female age. The
mallest number of oocytes was recovered from fe-
ale 741, treated with the long-acting GnRH agonist
uprelorin for contraception the previous October.
he had ovulated, perhaps following that stimulation,
ince corpora lutea (CL) were identified. However,
er reproductive tract had been removed because of
yometra, which also may have affected ovarian dy-
amics. Although there were five CL or corpora
emorrhagica (CH) on the ovaries of female 435,
hey still yielded 47 oocytes, but she had been stim-
lated with Ovuplant. None of the other females
ppeared to have ovulated before ovariectomy.

A total of 29 oocytes from three different females
one grey wolf and two Mexican wolves) were used to
ssess viability after vitrification and warming. Of
hese, eight lysed during the thawing process, leaving
1 intact oocytes for viability analysis (Table 4). There
as no difference among females in the percentage of

ntact oocytes after warming (P � 0.05). Of the intact
ocytes, nine (42.9%) were judged PI positive (dead),
hereas 12 (57.1%) were PI negative (alive) (Table 4;
ig. 1).

There was no difference in the percentage of live
ocytes among female wolves, either as a percentage of
ntact oocytes after warming or of total vitrified oocytes
P � 0.05). Orcein stain revealed that all oocytes ex-
mined remained in the immature, germinal vesicle

idium iodide to assess membrane integrity post-thaw. A) A Mexican
Mexican gray wolf oocyte that was not viable after vitrification and
ith prop
. B) A
GV) stage of meiosis, demonstrating that spontaneous
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uclear maturation did not occur in either dog or wolf
uring aspiration, vitrification or thawing.

. Discussion

Oocyte vitrification by the Cryotop method was suc-
essful, based on viability rates following thawing, for
oth dogs and wolves. To our knowledge, this is the
rst report of oocytes vitrified from any canid or from
n endangered species. The percentage of viable, intact
ocytes after thawing was similar for dogs and wolves
61.0 and 57.1%, respectively), suggesting that dog
ocytes can serve as an adequate model for wolves. In
act, the percentage for wolves might be expected to be
ower, because all the wolves were aged, whereas the
ogs were of varying ages and one was prepubertal. As
reviously reported, fewer oocytes of lower quality
ere recovered from older females in dogs [21]. Nev-

rtheless, the close agreement of the percentages of
iable oocytes from the dogs and wolves suggested that
his method of vitrification could be considered suc-
essful in maintaining oocyte viability in both species.

There was considerable variability in the number of
ocytes recovered from each wolf. Again, their ad-

able 3
varian structures, number of oocytes aspirated and vitrified, and oo

Wolf ID Structures on ovaries No. oocty

419 Many visible follicles 3
435 5 CL/CH per ovary 4
741 6 CL on one ovary

188 Some visible follicles 1

204 Some visible follicles 1

516 Many visible follicles 7

L, corpora lutea; CH, corpora hemorrhagica.

able 4
iability of vitrified-thawed wolf oocytes determined by propidium

ny parameters measured.

Wolf ID No. oocytes thawed No. intact oocytes (%)a

419 15 11 (73.3 � 11.8)
435 10 7 (70.0 � 15.3)
188 4 3 (75.0 � 25)

Total 29 21 (72.4 � 8.5)

a Percentages are presented as mean � SEM.
b Number of vitrified oocytes thawed was reduced by oocyte lysis

manipulation (1x), or oocyte loss during manipulation (1x).

c Percentage live oocytes of thawed, intact oocytes.
anced ages provided one explanation [21,22]. All fe-
ale wolves in this study were in the older age range

10 to 13 y) except one (F741: 7 y). She had been
reated with a long-acting GnRH agonist contraceptive
mo before ovariectomy that had apparently stimulated
vulation, judging by the six CL at the time of aspira-
ion, and that was likely preventing follicle develop-
ent via pituitary gonadotroph down-regulation. In ad-

ition, two other females (F419: 10 y; F435: 13 y) had
een stimulated with a short-acting GnRH agonist im-
lant to induce follicle growth. They did have more
ocytes than two of the females in natural estrus (F188:
2 y; F204: 11 y), yet 11-y-old F516 in natural estrus
ad 73 oocytes, by far the most recovered from any of
he wolves. The number of oocytes recovered from
ach adult dog ovary varied (0–16), although not as
idely as for the wolves. In all but one case (the
repubertal dog), their exact ages were not known, but
t is interesting to note, though, that the prepubertal dog
varies yielded 65 oocytes.

Another factor that could have influenced oocyte
ecovery was the reproductive stage of female. All wolf
rocedures were performed during their breeding sea-
on, mid-January through early March [1]. However,

ality prior to vitrification for the wolves.

ated Oocyte quality No. oocytes vitrified

NA 25
NA 40
2 good 4
2 average
6 good
1 average
3 poor
8 good 8
4 poor
All good 67

staining. There were no significant differences between females for

No. viable oocytes (%)c % viable oocytes of total thawed

7 (63.6 � 15.2) 46.7 � 13.3
3 (42.9 � 20.0) 30.0 � 15.3
2 (66.7 � 33.0) 50.0 � 28.9

12 (57.1 � 11.1) 41.4 � 9.31

iately post thaw or during staining (6x), mechanical damage during
cyte qu

es aspir

1
7
4

1

2

3

iodide

,b

immed
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wo females had already ovulated, as evidenced by the
resence of CL, but the other females were likely at
arious stages of proestrus or estrus, which in wolves
ast an average of 6 and 1 wk, respectively [23]. Cycle
tage of the dogs was not known and, because they are
ot seasonal breeders, cycle stage cannot be estimated
y time of year, so the affect of this factor cannot be
ompared to wolves. Although an explanation for the
ariability in wolf oocyte yield is not apparent, it is
ncouraging that females more than 10 y of age still had
hat, in some cases, were surprisingly high numbers of
ocytes (e.g., 73 oocytes retrieved from an 11-y-old
emale 516).

Assessment of oocyte viability using propidium io-
ide relied on the ability of healthy, intact plasma
embranes in live cells to exclude this dye. This
ethod does not provide any information on the ability

f these oocytes to complete nuclear maturation, be
ertilized in vitro, or develop into an embryo which
ould potentially be transferred to a surrogate female
here it might initiate and sustain pregnancy. Further

n vitro testing of these oocytes must establish these
evelopmental competencies after Cryotop vitrification
f dog and wolf oocytes. However, this oocyte vitrifi-
ation method has led to successful production of off-
pring in other species, including humans
10,18,24,25]. Once in vitro maturation, fertilization
nd embryo culture have been successfully developed
or the domestic dog, the ultimate test of oocyte via-
ility post-vitrification, production of young, can be
erformed. Meanwhile, this technique will allow fe-
ale wolf gametes to be banked that would otherwise

e lost, thus preserving valuable genes that could even-
ually contribute to the maintenance of higher levels of
eterozygosity in future Mexican wolf populations.

Documentation of oocyte viability following vitrifi-
ation demonstrated that the Cryotop method yielded
ocytes that survived vitrification and warming. This
as an encouraging result, as it suggested that oocytes

rom endangered wolves may be vitrified with the
ryotop technique with reasonable success. As addi-

ional opportunities occur with aging or spayed fe-
ales, oocytes may be collected and vitrified for use in

uture genetic management of captive and even of wild
exican wolf populations. We anticipate that assisted

eproductive technologies for canids will become better
stablished and more efficient in the future, allowing
ametes of current and future wolves to be used for
ptimal genetic management of the species.

In summary, dog oocytes were shown to be a good

odel for Mexican gray wolves, based on similar per-
entages of viability following vitrification with the
ryotop technique. These results justifed the use of this

echnique for banking gametes from female Mexican
olves for future use in genetic population manage-
ent. In addition, these were the first oocytes from

ither a canid or an endangered species to have been
uccessfully vitrified, based on post-vitrification viabil-
ty assessment.
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