
Roth’s Remarks

CREW Breaks From Tradition to 
Address Species’ Needs

Dr. Terri L. Roth
VP of Conservation & Science and Director of CREW

For 35 years, CREW’s scientists have focused on propagation, assisted reproduction 
and cryopreservation research in both plant and animal divisions. Today, these 

areas still serve as the foundation for our conservation research activities.  However, given that CREW 
is uniquely focused on Signature projects and therefore committed to conserving the species within 
those programs, we often find ourselves faced with challenges outside of our traditional research 
arena.  Many examples exist today including iron storage disease in rhinos, bladder cancer in fishing 
cats and hyperhydricity in Cycladenia.  When the conservation benefit of enhancing the propagation 
of our target species is watered down or obscured by more substantial threats to their survival, we 
break from our traditional role, expand our scope and/or partner with those who have the necessary 
expertise to help us overcome these hurdles.  In the center section of this CREW ReView (pgs. 6-8) 
are several research updates that introduce new topics/methods/challenges CREW scientists are 
studying.  In many cases, we have reached out to partners in academia, human health or federal 
agencies to engage the expertise required to conduct such work.  The result has been inspiring, and 
CREW’s Signature projects are reaping the benefits due to the interest, concern and generosity of the 
scientific community when it comes to assisting CREW with its important mission of Saving Species 
with Science®.
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Previous studies have shown that serum concentrations of a protein named anti-Müllerian hormone (AMH), produced 
only by the testes and ovaries, correlates well with reproductive potential in a wide range of species.  Serum AMH 
concentrations provide greater clarity of reproductive age versus calendar age in both women and mares and may have 
promise as a valuable asset to reproductive management of captive rhino populations.  Physiologic values can help to 
identify individuals with the highest potential for reproductive success from assisted techniques, including exogenous 
hormone administration and artificial insemination, and help determine where limited resources are best spent.  With 
this in mind, CREW scientists recently concluded a study of AMH in rhinos.  We validated an assay for determination of 
AMH in African (white and black) and Asian (Indian and Sumatran) rhinos and measured serum AMH concentrations over 
time (different ages), between genders, throughout different reproductive states (estrous cycle, pregnancy) and among 
the four rhino species.  Results from this study confirm AMH 
concentrations decline as a function of age in female rhinos 
of all species.  Within each species, males produce higher 
AMH concentrations compared to their female counterparts.  
Additionally, we observed significant differences in the 
concentrations of AMH produced by males, with Indian rhino 
bulls secreting 5 to 75 times higher AMH compared to similarly 
aged bulls from the other three rhino species.  It appears 
AMH may serve as a relevant biomarker of reproductive 
potential in rhinos.  Additional analysis is currently underway 
to explore some of the underlying differences among species 
and between genders. (This research was supported by a 
grant from the Institute of Museum and Library Services) 

Although the Cincinnati Zoo & Botanical Garden’s role in Sumatran rhino 
conservation changed significantly last fall when the last Sumatran rhino in the 
Western Hemisphere “Harapan” was transferred from the Zoo to the Sumatran 
Rhino Sanctuary (SRS) in Indonesia, the zoo continues to have a profound 
impact on the species’ fight for survival.  In May of this year, news heralded 
from the island of Sumatra brought hope to conservationists, and CREW was 
integral to that headline news. A female rhino named Ratu delivered her 
second healthy calf at the SRS.  The precious newborn female is desperately 
needed for the breeding program.  She is the second calf sired by Andalas 
who was the first Sumatran rhino bred and born in captivity in 112 years and 
the product of CREW’s groundbreaking research that unraveled the mysteries 
of Sumatran rhino reproduction in 2001. Andalas moved from the Los Angeles 
Zoo to Sumatra in 2007, and that move has paid off in the form of the first 
and now second Sumatran rhino calves ever bred and born in captivity in 
S.E. Asia.  It was not by chance that the Sanctuary succeeded.  Not only did 
Andalas prove to be a very fertile male rhino, but CREW’s scientific protocol 
for breeding this species has been adopted by Indonesian colleagues who 
received hands-on training by CREW scientists.  Today, 40% of the Sumatran rhinos in the small captive breeding program 
owe their existence to CREW’s scientific breakthroughs and the Cincinnati Zoo’s Sumatran rhino lineage, but the sex of 
the resulting offspring was up to fate, and finally, if only briefly, fate smiled down upon the species.

A Novel Way to Determine Reproductive
Potential of Rhinos? 

One Small Step in the Effort to Save the Species, One 
Giant Leap for the Breeding Program  

RHINO SIGNATURE PROJECT UPDATES

Birth Control that Worked Too Well

Pioneering Bear Training for Innovative
Reproductive Research

Unlike castration which results in permanent sterility, hormonal contraceptives are considered to be temporary and 
reversible.  Consequently, they play an integral role in managing animal population growth. Many captive polar bears 
were administered contraceptives in the early part of the 21st century due to lack of exhibit space and decreased need 
for additional captive-born cubs. But more recently the demand has risen, and polar bears currently are in short supply. 
Contraceptive treatments have been discontinued and nearly all females of reproductive age are paired with males for 
breeding; however, very few cubs are produced each year.  From 2008 - 2016, CREW scientists 
monitored the fertility of ~30 mature female bears across North America, 
roughly half of which have been treated with contraceptives. Although the 
females that had been contracepted resumed normal breeding behaviors 
following treatment, only two (18%) gave birth. Both of these females had 
received just a single type of contraception whereas others had received 
different or multiple types over the years. In comparison, nearly 53% of the 
females that had never been contracepted produced cubs.  A number of 
factors probably contribute to poor fertility, such as advanced maternal age 
and whether or not individuals had produced cubs prior to treatment, but it 
does appear that certain hormonal contraceptives have had unintended long 
term deleterious effects on fertility in this species. Although it is unknown as to 
where, exactly, the pregnancy process is failing, CREW scientists are examining 
ways to overcome infertility to give these females a chance at motherhood. 

Many zoos recognize the value of training animals to participate 
voluntarily in medical procedures because it reduces stress on the 
animal and alleviates risks associated with anesthesia that otherwise 
might be necessary. Over the past few years, Cincinnati Zoo staff 
has made impressive strides with Berit, a female polar bear, who has 
acquired a remarkable repertoire of trained behaviors. In efforts to 
diagnose pregnancy, she has learned to push her belly against a 
mesh training wall and tolerate CREW scientists prodding her with an 
ultrasound probe. When she needed infertility treatments in the form 
of hormone injections, she learned to stand willingly to receive an 
injection in her shoulder. When CREW scientists wanted to document 
vulvar changes associated with different stages of estrus, she was 
trained to walk into a narrow transfer chute, which was closed on three 
sides, turn around, take three steps backwards, and then allow her tail 
to be lifted- a complicated sequence of behaviors which she mastered. 
Most recently, she learned to present her foot for blood collection, 
becoming one of just a handful of polar bears in the world to offer 
this behavior.  An animal’s voluntary participation in procedures not 
only permits improved medical surveillance, but also provides unique 
opportunities for research that would not be feasible with wild bears. 
Due to the logistical challenges associated with collecting serial 
samples from the same bear in a field setting, scientists are using 
captive bears like Berit as models to learn more about the complex 
physiology of this species. 

Polar bear target training and voluntary
blood collection

Serum AMH concentrations in female African white rhinos

POLAR BEAR SIGNATURE PROJECT UPDATES
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Embryos Revive After 23 Years on IceThe Challenge of Oaks

Study Helps Validate Shoot Tip
Cryostorage as a Conservation Tool 
How long can cryopreserved shoot tips stay alive stored in liquid nitrogen? As part of 
a study funded by the Institute of Museum and Library Services, CREW’s Plant Division 
has shown that material of many plants can be successfully stored for at least 17 years. 
Over the last 18 months, 994 shoot tip samples of several endangered native plant 
species were removed from CREW’s CryoBioBank to assess their survival and growth 
after long-term storage. Large differences in survival were observed between species, 
with the Roan Mountain bluet (Hedyotis purpurea var. montana) exhibiting an average 
survival of 93%, whereas the Avon Park harebells (Crotalaria avonensis) and especially 
the four-petal pawpaw (Asimina tetramera) exhibited much lower survival (22% and 
3.5%, respectively). We also learned that species-specific modifications will remain 
important when trying to preserve these endangered native species. For example, 
pawpaws were one of a few species that seemed to survive better after treatment with 
dehydration freezing rather than the standard vitrification method. During the project, 
almost 500 samples of the Avon Park harebells were thawed, which made it the largest 
set of samples. Out of 97 cryopreserved lines, 82 genotypes recovered successfully 
after cryopreservation.  Thirty-nine of these genotypes were no longer present in 
our tissue culture collection, which demonstrates exactly why cryopreservation is a 
good ex situ conservation tool for botanical gardens. The results from this project 
have already spurred new research on the importance of sample size for accurate 
initial survival determination so that 20 years from now scientists can choose their 
cryopreservation method based on even more accurate data.

CREW’s Exceptional Signature Plant Project focuses on species for which traditional 
seed banking is not workable.  This includes a number of large-seeded temperate 
trees that have seeds which are either short-lived, such as walnuts, or are killed by the 
drying needed for seed banking such as oaks, chestnuts, and horsechestnuts. One 
alternative conservation method for some of these species is to cryopreserve the 
isolated embryo axis, which can be removed from the seed, dried, and stored in liquid 
nitrogen (LN).  Twenty-three years ago, CREW staff and volunteers spent several days 
cracking black walnuts (Juglans nigra), carefully sterilizing them in a bleach solution, 
drying them, and storing them in LN.  At the same time, samples were also stored in 
a -20ºC freezer and in a refrigerator at 4ºC.  One sample was removed from LN after 
only a few hours and the embryos were put onto a nutrient recovery medium.  At 
that time, 75% of the embryos germinated and grew.  After 9 years, samples were 
again removed from LN, as well as from -20ºC and 4ºC.  The LN preserved samples 
exhibited good germination (75%), while there was no germination from samples 
stored at the warmer temperatures.  More recently, as part of a study funded by 
the Institute of Museum and Library Services, samples of the cryopreserved black 
walnut were removed from the Frozen Garden of CREW’s CryoBioBank and tested 
for viability.  Even after 23 years in LN, the embryos maintained a high rate (85%) 
of germination.  This successful recovery of black walnut embryos after over two 
decades of storage provides empirical evidence that cryostorage should be a viable 
option for the long-term conservation of at least some endangered species of large-
seeded temperate trees.

Get the Scoop on Salamander Poop 
Non-invasive fecal hormone analysis has been used by zoos to gain a better 
understanding of physiologic functions of numerous endangered species.  
However, few researchers have considered collecting fecal samples from an 
aquatic salamander.  In 2012, fecal collections commenced on three aquatic 
salamander species (or waterdogs) maintained at CREW to investigate the 
feasibility of extracting and measuring hormone concentrations and examine 
their pattern of excretion over time.  To date, male and female waterdogs of the 
same species have been housed together throughout the breeding season so 
individual fecal sample collection was not possible and instead we examined 

them as breeding groups.  Males were removed from tanks housing the females prior (~ March) to egg deposition and 
returned back to females prior (June-Sept) to next breeding season.  Results generated over the past three years confirm 
a seasonal reproductive hormone excretion pattern:  fecal testosterone concentrations begin to rise as early as October 
and peak in Janunary-February coinciding with spermatophore 
desposition from males and, fecal progesterone concentrations peak 
in February-March followed by egg deposition by females in April.  This 
coming breeding season will be the first year that waterdogs will be 
housed separately so fecal samples can be collected and analzyed on 
an individual versus ‘breeding group’ basis.  Males and females will 
be brought together for several hours during  breeding introductions 
over the course of the reproductive season.  Now that there is an 
established means to monitor reproductive activity in waterdogs we 
aim to determine more gender specific changes in fecal adrenal and 
reproductive hormone excretion to further ehance captive breeding 
efforts.  (This research was supported by private, anonymous donations.)

SAVING SPECIES WITH SCIENCE®EXCEPTIONAL PLANT SIGNATURE PROJECT UPDATES

Oaks (Quercus spp.) are iconic species, providing critical services to 
humans and to natural and developed landscapes worldwide.  Of the 500 
species of oaks, only 175 have been sufficiently evaluated, but of these, 
45% have been identified as being of conservation concern.  Faced with this 
challenge, ex situ conservation is a key component of oak conservation, but 
while seed banking is the most effective ex situ conservation method, for 
oak seeds (acorns), the drying used in traditional seed banking is lethal.  An 
alternative method for preserving oaks is through tissue culture collections 
and cryopreservation of those tissues, but oaks are notoriously difficult to 
grow in vitro.  With funding from the Association of Zoological Horticulture 
(AZH), CREW’s Plant Lab has begun a 3-year study on developing better 
methods for growing oak species in tissue culture.  This summer the study 
began by looking at the growth of shoots from seedlings of 11 oak species 
in culture.  The goal was to evaluate growth of seedling shoots, which are 
more responsive than mature tissues, on different media.  Species from 
different habitats were tested, and shoots were taken at different stages 
of growth.  These studies are continuing, but early results suggest that a 
medium low in certain nutrients may be beneficial to shoot development 
in culture, while shoots taken when leaves are beginning to emerge may 
be more responsive than younger shoots.  These results will be used to 
modify the media and guide the timing of shoot collection from mature 

trees next spring.  Such information should help make future work with oak tissue cultures more predictable, thus 
improving the ability of researchers worldwide to conserve these important species.

Shoot tips of Crotalaria after
storage in liquid nitrogen in
CREW’s CryoBioBank.

Oak seedlings in CREW’s Greenhouse.
Black walnut embryo germinating
after 23 years in liquid nitrogen.



NON-TRADITIONAL PROJECT UPDATES NON-TRADITIONAL PROJECT UPDATES

Black Rhinos

Ferreting Out the Ferritin Relationship with Iron Storage 
Disease in Rhinos 

Although black rhinos tend to breed well in captivity if managed appropriately, their 
median longevity is half of that for white rhinos due to their susceptibility to a number 
of diseases seldom observed in the other rhino species.  Iron overload disorder (IOD) 
was first identified in African black rhinos in the 1990’s and was later noted in the other 
browsing rhino species, the Sumatran rhino.  In contrast, it rarely affects Indian or white 
rhinos, which are primarily grazers.  CREW scientists are working to develop ways to 
monitor iron storage and to help diagnose the transition from IOD to the diseased 
state of hemochromatosis. Traditionally, an assay made for horses was used to measure 
black rhino ferritin concentrations; however, ferritin is species-specific.  Therefore, it 
seemed plausible that the rhino ferritin specific assay recently developed at CREW 
to analyze Sumatran rhino serum samples would reveal new findings when used to 
assess black rhino samples.  The assay exhibited high cross-reactivity with black rhino ferritin and was fully validated prior 
to study commencement. Fourteen zoos across the U.S. sent 900 serum samples from 36 black rhinos to be analyzed 
using the new assay. Ferritin values were highly variable and different than those reported with the horse assay. Ferritin 
was higher in males than females, in adults than juveniles, and in Southern black rhinos than the Eastern sub-species.  
In contrast to previously published results, ferritin did not increase with age or years in captivity.  Results demonstrate 
that ferritin can be influenced by many factors which must be considered when trying to monitor IOD. Furthermore, the 
accurate diagnosis of hemochromatosis may require input from other measures of body iron stores. (PI supported by a 
generous gift from an anonymous donor, and the study was supported by Michael and Tucker Coombe.)

Iron overload disorder (IOD; the excessive absorption and 
storage of iron in organ tissues) affects a wide variety of 
wildlife species maintained in captivity ranging from birds 
to marine mammals and including two rhino species, the 
Sumatran rhino and the African black rhino.  In some cases, 
it appears to be fairly benign, whereas in other cases, it leads 
to hemochromatosis and proves fatal, as it did in two of the 
Cincinnati Zoo’s Sumatran rhinos.  In several species, serum 
ferritin concentration is a useful biomarker of total body iron 
stores.  Therefore, CREW scientists developed a rhino ferritin 
specific assay for accurately measuring Sumatran rhino ferritin to determine if serum concentrations can be used to 
diagnose hemochromatosis in this species.  Historical Sumatran rhino serum samples collected from 1997 to 2014 
from six rhinos in the U.S. were analyzed as well as individual samples from seven rhinos in Malaysia.  As is often the 
case in science, results were surprising.  The profiles of some rhinos were very dynamic.  All rhinos exhibited spikes 
in ferritin during their sampling period, and pregnancy appeared to impact ferritin concentrations. The rhino with the 
highest mean ferritin concentration did not die of hemochromatosis. Although serum ferritin was elevated in both rhinos 
that did die of hemochromatosis, there was no distinct increase prior to onset of symptoms.  Perhaps most surprising, 
serum from rhinos in Malaysia contained more than twice as much ferritin as serum from U.S. zoo rhinos.  The fact that 
serum ferritin concentrations cannot be used to diagnose hemochromatosis in Sumatran rhinos is a significant finding 
since veterinarians currently rely heavily on this measure of body iron for monitoring the progression of IOD in rhinos.  
However, monitoring this protein is not without value.  Consistently low concentrations of serum ferritin detected via this 
species-specific assay would indicate an individual is at low risk of developing hemochromatosis.  (Funded by a grant 
from Mr. and Mrs. Jeremy S. Hilton and Family with supplemental support from Dr. Thomas and Rita Bell.) Metabolomics is being increasingly applied to wildlife, 

extrapolating findings from humans and laboratory 
animals to provide insights into the health status and 
disease issues of nondomestic species.  The fishing cat, 
an endangered aquatic felid native to Southeast Asia, has 
been one beneficiary of this new science.  Fishing cats 
in zoos experience a very high prevalence of bladder 
cancer, with one-third of older cats (>5 years of age) dying 
of this disease.  Early diagnosis is one key to effective 
treatment, but most diagnostic methods require the 
cancer to be well-advanced for detection.  Metabolomics, 
using nuclear magnetic resonance (NMR) with urine and/
or blood samples, has proven useful in other species to 
identify potential biomarkers for bladder cancer early 
in the disease course.  In collaboration with Dr. Miki 
Watanabe from NMR – Based Metabolomics Core Facility 
at CCHMC, CREW has been evaluating the urinary and serum metabolome of fishing cats with and without evidence 
of bladder cancer.  Findings to date, based on ~50 urine and serum samples provided by 12 zoos, have shown that 
several metabolites differ significantly between fishing cats with bladder cancer compared to cats without known cancer.  
Analysis of additional samples will be necessary to validate these biomarkers, but our initial results are encouraging for 
the prospect of establishing an early diagnostic method for bladder cancer in this imperiled felid species. (Funded, in 
part, by CCHMC.)

Going Fishing with Metabolomics 
Sumatran Rhinos

Fishing Cats

Sumatran Rhinos Because serum ferritin concentrations are not diagnostic of iron storage disease (hemochromatosis) in Sumatran rhinos, 
it is important to investigate alternative tests.  One area of research that is gaining momentum in human medicine is 
metabolomics - the study of untargeted, comprehensive small molecule profiles derived from body fluids or tissue 
extracts.  This area of research is beyond CREW’s expertise, but we have a strong partnership with our neighbors at 
Cincinnati Children’s Hospital Medical Center (CCHMC), and 
they do have these specialized skills and the necessary, high-
tech equipment required for such work.  A case study in which 
serum metabolomes were analyzed in two Sumatran rhinos 
that died of hemochromatosis revealed some very promising 
results.  Metabolomes from serum collected during healthy 
times were compared to those from serum collected when 
rhinos were exhibiting symptoms of hemochromatosis in the 
months leading up to their deaths. A total of 18 metabolites 
including several amino acids and carbohydrates were 
altered in samples from healthy versus from unhealthy rhinos. 
These findings demonstrate that metabolomics could prove 
to be a valuable tool for monitoring the health of wildlife 
and may reveal biomarkers that could be used to monitor 
the progression of this and other insidious diseases that are 
difficult to diagnose. (Funded, in part, by CCHMC).

Principal components analysis of Sumatran rhino serum
metabolomes



The Puzzle of Hyperhydricity 

Addressing Concerns about Kea Corticoids and Care 

It’s not a word you hear every day, but if you spend time in CREW’s 
Plant Lab, it won’t be long before you hear about hyperhydricity.  Plant 
Lab researchers focus much of their effort on working with species 
that require tissue culture approaches for conservation—known as 
exceptional species.  Some species develop hyperhydric symptoms 
in culture, including watery, brittle stems and abnormal leaves.  While 
such shoots may grow, they cannot produce the normal plants that 
are needed for restoration projects or for cryopreservation protocols.  
CREW researchers have been collaborating with other scientists to 

better understand the basis 
of this problem using the 
endangered Jones’ cycladenia (Cycladenia humilis var. jonesii).  With the help 
of a scientist at the USDA-ARS in Florida, statistically designed media tests have 
indicated that more air exchange, higher light, lower nitrogen and hormones 
in the medium can all reduce hyperhydricity.  Collaborators at the University 
of Kentucky have shown that hyperhydric Cycladenia tissues have metabolites 
characteristic of hypoxia, or low oxygen stress.  A study with the University of 
Cincinnati has revealed many genes that are activated in these hyperhydric 
tissues.  Studies are also beginning with UC researchers and others to look at 
plant hormones in this species.  Just like pieces of a puzzle, these different bits 
of information will build a story that should help answer some of the questions 
surrounding this physiological disorder.  That, in turn, should help make 
developing protocols for propagating new species more efficient and effective, 
thus enabling more labs to work to preserve endangered exceptional species.

Although not one of CREW’s Signature projects, the kea is a thriving conservation program within the Cincinnati Zoo’s 
bird department.  Therefore, CREW did not hesitate when assistance was requested for a particular challenge our 
program has been experiencing.  Kea are a species of highly intelligent, playful, and charismatic parrot.  Found on the 
South Island of New Zealand they are not your typical rainforest parrot.  They thrive in a colder mountainous climate and 
are quite adept foragers.  The Cincinnati Zoo is fortunate to have a successfully breeding flock.  However, a few years 
ago, several birds became sick and were diagnosed with Avian Bornavirus (ABV).  This disease reveals itself in symptoms 
that include difficulties flying and walking, and foot sensitivity; sadly, it can also lead to mortality.  The virus can flare at 
seemingly random times and the keepers questioned if changes in social structure or management could be causing 
stress that triggers an outbreak in the flock.  Using fecal samples collected by the bird keeper staff, CREW scientists 

were able to extract kea fecal glucocorticoids.  Corticosterone, a 
hormone that can indicate stress, was measured in the extracts 
from samples collected over an entire year.  The results are in, and 
much to our relief, it does not look like stressful events precede 
ABV outbreaks in our Cincinnati Zoo flock.  Animals did not excrete 
increased corticoids prior to the onset of symptoms associated 
with ABV.  Although these results do not shed light on why/when 
ABV will flare up, they do prove that a stressful environment is not 
predisposing birds to disease, an important factor to rule out as staff 
continue working on reducing incidence of outbreaks in our flock.

The growth of Cycladenia can be altered from 
hyperhydric (left) to more normal (right) by 
changes in growing conditions.

Gene expression analysis showing 
genes associated with hyperhydricity 
in red.

SMALL CATS SIGNATURE PROJECT UPDATES
DIY Semen Banking in Felids 
Over the past two years, CREW has been exploring 
the use of sperm vitrification in cats as an alternative to 
straw freezing for semen cryopreservation.  Vitrification 
involves ultra-rapid cooling directly in liquid nitrogen 
to form solid pellets without ice crystal formation, 
preserving semen as a glass.  In our previous studies, 
we demonstrated that domestic cat sperm could be 
vitrified successfully and produced the first kittens 
from artificial insemination with vitrified sperm.  We 
recently have combined sperm vitrification with a new 
semen collection method, urethral catheterization.   
Anesthesia of cats with alpha-2 agonist sedatives 
causes smooth muscle contraction within the vas 
deferens, forcing highly concentrated sperm into the 
urethra for easy recovery with a urinary catheter.  In 
initial studies, comparison of vitrification and straw 
freezing of catheter-recovered cat semen found that post-thaw motility and fertility in vitro were similar between 
cryopreservation methods.  The effect of vitrification pellet size (20 vs. 30 µl) and thawing temperature (37 vs. 55°C) also 
were compared and indicated that fertilization success was superior after thawing pellets at the higher temperature.  
These findings have been incorporated into our DIY semen banking project for zoo veterinarians.  The goal is to allow 
zoo vets to bank semen from felids at their institutions during routine anesthetic procedures without requiring the 
presence of CREW scientists.  Eight zoos have agreed to participate with each expecting to bank semen from 5-10 cats 
by catheterization/vitrification over the next year.  These frozen samples will be shipped to CREW, thawed and assessed 
for motility and in vitro fertility.  If results are promising, we expect to expand the use of DIY semen banking to other zoos 
and possibly to biologists working with cats in the wild.  (Supported by the Institute of Museum and Library Services)

The Vegan Option for Cat Semen Cryopreservation:
It’s No Yolk
Semen banking is an important tool for population management, allowing the long-term storage of genetic material 
and facilitating gene exchange between animals located at different institutions. Imperative to its implementation is 
the development of reliable methods to cryopreserve the sperm. Classically, sperm from nondomestic felids has been 
frozen in an egg yolk-based medium (TEY). However, the use of animal protein (i.e., egg yolk) presents several problems 
such as batch variation, potential for disease transmission, and regulatory concerns with international semen transport. 
Recently, we investigated the use of our novel soy lecithin-based freezing medium (SOY) in two of our Signature small 
cat species: the Pallas’ cat and fishing cat. Because SOY is chemically-defined and animal protein-free, it circumvents 
the issues associated with traditional egg yolk-based cryomedia. 
For the study, each cat’s sperm was cryopreserved in both SOY 
and TEY.  Samples were then thawed and assessed for several key 
parameters—including motility, progression and in vitro fertilization. 
Post-thaw analyses revealed no significant difference between the 
two freezing media. The ability to replace the standard egg yolk-
based cryomedium with a chemically-defined, animal protein-
free option represents a significant advance in quality control and 
biosecurity for cat semen banking and may enhance the use of 
assisted reproductive technologies for population management of 
imperiled felids. (This study was funded by the Institute of Museum 
and Library Services.) 

NON-TRADITIONAL PROJECT UPDATES
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Curry E, TL Roth, KM MacKinnon and MA 
Stoops.  2016.  Monitoring the long-term effects 
of contraceptives on the fertility of captive 
polar bears (Ursus maritimus). International 
Congress on Canine and Feline Reproduction. 
Poster presentation. Paris, France. 

Curry E, MA Stoops, CJ DeLorenzo, 
KM MacKinnon and TL Roth.  2016.  
Using the ex situ population to advance 
the reproductive science of polar 
bears. 24th International Conference 
on Bear Research and Management. 
Oral presentation. Anchorage, AK. 

DeLorenzo C, B Lynch, T Roth, K Petren 
and E Curry.  2016.  Development of a 
non-invasive, fecal protein pregnancy test 
for polar bears.  Reproduction Fertility 
and Development 28:188-189 (abstr. 
117).  Poster presentation, Louisville, KY.

Pence VC.  2016.  Cryopreservation and 
the challenge of preserving endangered 
exceptional species.  CRYO2016:  The 53rd 
Annual Meeting of the Society for Cryobiology.  
Invited oral presentation, Ottawa, Canada.

Pence VC, D Ballesteros Bargues and A-C 
Vanhove.  2016.  Evaluating two decades 
of storage in liquid nitrogen:  Cryostorage 
as a tool for ex situ conservation. 
CRYO2016:  The 53rd Annual Meeting 
of the Society for Cryobiology.  Invited 
oral presentation, Ottawa, Canada.

Pence VC, RP Niedz, L Finke and R 
Bhargava.  2016.  Improving in vitro growth 
of the endangered dryland species, 
Arctomecon humilis. In Vitro Cellular 
and Developmental Biology 52:S66.  
Poster presentation, San Diego, CA.

Pence VC and BL Plair.  2016.  In vitro 
collecting and propagation of Hippobroma 
longiflora and successful recovery of shoot 
tips after 18 years of cryostorage.  Society 
for In Vitro Biology World Congress.  
Poster presentation, San Diego, CA.

Philpott M, V Pence and T Culley.  2016.  
An “exceptional” reintroduction: A case-
study of the reintroduction of the federally 
endangered Minuartia cumberlandensis 
using in vitro techniques. Botanical 
Society of America Annual Meeting. 
Poster presentation, Savannah, GA.

Roth TL.  2016.  The role of science in 
breeding the critically endangered Sumatran 
rhinoceros (Dicerorhinus sumatrensis).  
International Conservation and Commercial 
Breeding Symposium.  Invited oral 
presentation, Chester Zoo, Chester, UK.

Roth TL.  2016.  Development of a rhino 
ferritin specific assay for monitoring the 
progression of iron overload disorder in 
Sumatran rhinos (Dicerorhinus sumatrensis).  
Workshop on Iron Overload Disorder in 
Browsing Rhinoceros – Progress Report, 
pp. 14-15.  Invited oral presentation, 
Disney’s Animal Kingdom, Orlando, FL. 

Roth TL, MA Stoops, TR Robeck and JK O’Brien.  
2016.  Factors impacting the success of post-
mortem sperm recovery and cryopreservation 
in the rhinoceros.  Reproduction Fertility 
and Development 28:188 (abstr. 116).  
Poster presentation, Louisville, KY.

Swanson WF. 2016.  Integration of assisted 
reproductive technologies into population 
management and conservation of small-
sized felids.  International Conservation and 
Commercial Breeding Symposium.  Invited 
oral presentation, Chester Zoo, Chester, UK.

Swanson WF, HL Bateman, JR Herrick, 
LA Lyons and LM Vansandt.  2016.  Fixed 
time laparoscopic oviductal artificial 

insemination (LO-AI) with frozen-thawed 
semen in Pallas’ cats (Otocolobus manul).  
Proceedings of the International Embryo 
Transfer Society.  Reproduction, Fertility 
and Development 28:190-191 (abstr. 
121).  Poster presentation, Louisville, KY. 

Swanson WF, HL Bateman and LM 
Vansandt.  2016.  Urethral catheterization 
and sperm vitrification for simplified 
semen banking in felids.  Proceedings 
of the 8th International Symposium on 
Canine and Feline Reproduction, pp. 
82.  Oral presentation, Paris, France. 

Vanhove A-C, M Philpott and VC Pence. 2016. 
Evaluating survival in shoot tips of several 
species stored in liquid nitrogen for 4 to 16 
years. In Vitro Cellular and Developmental 
Biology 52 (Suppl 1): S33. 2016 World 
Congress on In Vitro Biology, June 11-15 
2016. Oral presentation, San Diego, CA.

Vansandt LM. 2016. Semen banking and 
artificial insemination in felids. PennVet 
Special Species Symposium.  Invited 
oral presentation, Philadelphia, PA.

Vansandt L, M Kutzler, A Fischer, K Morris and 
W Swanson.  2016.  Safety and effectiveness 
of a single and repeat intramuscular 
injection of a GnRH vaccine (GonaCon™) 
in adult female domestic cats.  Proceedings 
of the 8th International Symposium on 
Canine and Feline Reproduction, pp. 
19.  Poster presentation, Paris, France.

GRANTS AWARDED
Funding Source:  Joanie Bernard 
Foundation.  Project:  Improving the 
health and welfare of shelter and feral 
cats.  Role: Principal Investigator.  Duration: 
10/16–09/18.  Amount: $335,000.

Funding Source: Charlotte R. Schmidlapp 
Fund.  Project:  The Charlotte R. 
Schmidlapp Scholars at CREW.  Role: 
Principal Investigators.  Duration: 
01/01/17-12/31/17.  Amount: $50,000.

Funding Source:  The U.S. Army.  Project:  
DNA analysis of Hedeoma todsenii, Todsen’s 
pennyroyal, on White Sands Missile Range, 
New Mexico.  Role:  Principal Investigator.  
Duration: 1/1/16–12/31/16.  Amount:  $20,000.

Funding Source:  The Association 
of Zoological Horticulture.  Project:  
Advancing ex situ oak conservation.  
Role:  Principal Investigator.  Duration:  
12/1/15–11/30/18.  Amount:  $15,000.

Funding Source:  The Association of 
Zoological Horticulture. Project:  Developing 
conservation strategies for Trillium species.  
Role:  Principal Investigator.  Duration:  
11/1/15–10/31/16.  Amount:  $6,840.

Vortex
Two vortex machines are needed for the endocrine lab.  The 
vortex is vital for ensuring components in a liquid, biological 
specimen are homogenous prior to sampling for analysis. 
Cost: $380 each.

Ultrasound Recorder and Screen
A recorder is needed to help CREW scientists capture entire 
ultrasound exams for later review. Doing so is especially 
important when there is just one opportunity to examine an 
animal.
Cost: $350.

Flexible Endoscope
A battery operated, portable scope is necessary for rhino and 
polar bear procedures.  A very generous private gift is already in 
hand for more than half the cost.  The difference is still needed 
and a gift of any amount will help.  Remaining cost:  $3,500.

Automatic Desiccator Cabinet
An electronic dehumidification system is needed in CREW’s 
endocrinology lab to extend the life of pre-treated hormone 
assay plates by maintaining them at low relative humidity. 
Cost: $1650.

$100,000+
The Joanie Bernard Foundation
Institute of Museum & Library  
  Services

$20,000 - $99,999
AZA/Conservation Grants Fund
Father J. Thomas Fitzsimmons 
  Charitable Fund
GE Foundation Matching Gifts 
  Program
Mr. and Mrs. Roger W. Gross
Mr. and Mrs. Joseph D. Haas, Jr.
  and Family
Ms. Elizabeth Tu Hoffman
June E. Hosick Estate
Anonymous
Praxair Distribution Inc.
Young Family Foundation

$5,000 - $19,999
Association of Zoological
  Horticulture
Banfi Vintners
Mr. and Mrs. Robert A. Bechtel
Dr. and Mrs. Thomas E. Bell
Dallas W. and Helen B. Bowyer 
Charitable Trust
Anonymous
Coombe Family Fund of The Greater  
  Cincinnati Foundation
Ms. Iris de la Motte
Mary Elizabeth Dodson Trust
Lucile and Richard Durrell Special 
  Fund II of The Greater Cincinnati 
  Foundation
Eisenberg Fellowship Fund
Robert A. Johnston Foundation
New Mexico State University
Debbie L. Williamson

$1,000 - $4,999
Archbold Biological Station
Tom and Bev Barden
Allan and Anita Beach
Mrs. Eliza L. Biederman
Mr. and Mrs. Brian Black
Mr. and Mrs. Elroy E. Bourgraf
Mr. Ralph R. Carruthers
Candace F. Carson
Jacquelyn Dieckman and
  Michael Camery
Charles M. Dolgas and
  Karen M. Abell

Fairchild Tropical Botanic Garden
Carolyn and Ralph Friedman
S. Gallagher
Mrs. Theresa Deters Gerrard
Mr. and Mrs. John Howie
Mr. and Mrs. Donald A. Hudson
Ms. Deborah L. Huffman
Mr. James Jenny
Mr. Jeffrey Kapela
Mr. and Mrs. Stephen M. Kralovic
Bob and Judy Licht
Mr. Roger H. Lindemann
Mary Ann Meanwell
Nancy E. Meeker Fund of The Dayton   
   Foundation
Motch Family Foundation Inc.
Mr. and Mrs. Eric C. Nielsen
Mr. Charles E. Noe
Dr. and Mrs. O’dell M. Owens
Prometheus Charitable Fund
Mr. Bob N. Ramsey
Ms. Kathleen Reck
Red Stone Farm, LLC
J.D. Robert Family Fund
Mr. Glenn N. Rogers
Ms. Julia H. Roth
Paul and Jeanne Schneider Fund of 
   the Dayton Foundation Depository
Service Systems Associates
Ken and Carol Stecher
Mr. and Mrs. Thomas E. Stegman
Ms. Judy H. Stewart
Sharon and Gary Stoops
Mr. and Mrs. Kenn Tompos
The Arboretum at Flagstaff
U. S. Fish & Wildlife Service
Mr. and Mrs. Raymond J. Ulrich II

$500 - $999
Ms. Judy A. Bean
Mary H. Berning
The Otto M. Budig Family
   Foundation
California Native Plant Society
Ms. Susan M. Charls
Miss Mary K. Conlon
Mr. and Mrs. Joseph W. Cushall
Ms. Clara Dantic
Ms. Lucy Davis
Found Animals Foundation, Inc
Mr. Joseph N. Green
Stew and Linda Hall

Mr. and Mrs. Thomas Lindstrom
Dr. David L. Nelson
Mrs. Jeanne Z. Olsen
John and Jenifer Ray
Stuart and Roselyn Schloss
Mrs. Billie S. Spitz
Virginia B. Stirling
Ms. Arlene A. Thorwarth
The Troy Foundation
Mrs. Karen B. Wachs
Ms. Carol J. Wehmann

$100 - $499
Drs. Frank and Mary Albers
Romola N. Allen
Mr. Anatole Alper
Ms. Ruth Arnell
W. Terry Averbeck and
  Theresa T. Averbeck
Mr. Kenneth A. Ayer
Mr. and Mrs. Peter G. Ayers
Beth and Bob Baer
Mr. and Mrs. Tim A. Baxter
Lois Benjamin
Mr. Robert Bennett
Mr. and Mrs. Gary Blattman
Ms. Jennifer Bose
Gary and Angie Butterbaugh
Mr. John Castro-Rappl
Mr. and Mrs. Albert Cenci
Mr. Paul W. Christensen, Jr.
Mr. and Mrs. Glenn Christenson
Mrs. Madelaine Colbert
Wilfred A. and Judith S. Cote
Ms. Marylou Creelman
Chris & Janice Cubbison
Dr. Rick Dalessandro
Mr. Robert Deck
Mr. Robert C. Dehner
Dr. and Mrs. Donald A. Dietrich
Mrs. Brianne Doerger
Mr. and Mrs. Paul J. Duffy
Mr. and Mrs. Richard Dunbar
Ms. Julia Edmondson
Mr. and Mrs. Jerome H. Eichert
Dr. Nancy H. Eisenberg and
  Mr. Jerry Harris
Mr. and Mrs. E. Allen Elliott
Erie Zoological Society
Ms. Amy R. Ferneding
Mr. and Mrs. James Flessa
Mrs. Gail Forberg

Dr. and Mrs. Michael A. Frederick, 
  DVM
John and Julie Gabriel
Ms. Alana Gerson
Ms. Elizabeth R. Glotfelty
Ms. Jessica Gmeinder
Grants Etcetera, Inc.
Mr. and Mrs. Steven A. Groh
The Grosick Family
Mrs. Lisa Guard
Dr. and Mrs. H. B. Halsall
Mr. Ian Hannibal
Ms. Judith K. Hartman
Ms. Debra Hartsell and
  Mr. Michael James
Dr. Martin Hash
Mr. Stephen C. Hill
Mr. and Mrs. Daniel L. Holden
Ms. Barbara Hurley and
  Ms. Charlene Campbell
Mr. and Mrs. Jon W. Inman
Mr. and Mrs. Lance Ireland
Dr. Jared Jaffey
Mr. and Mrs. Michael D. Jones
Ms. Marie Kalb
Karen V. Kamfjord Charitable Trust
Mr. Erik Kassem
Dr. Debra Kaysen
Dr. and Mrs. Gary L. Keller
Mr. and Mrs. Larry E. Kissel
Dr. and Mrs. Scott A. Kleiner
Mr. Timothy Kollar
Mr. and Mrs. Larry Kramer
Jack and Mary Ann Lennon
Dr. Jennifer M. Loggie
Mr. and Mrs. Steven M. Loseff
Ms. Kelly Martin
David Mason
Dr. Shannon L. McCollough
Mr. Nathan McLoney
Mr. and Mrs. John D. Menke, Sr.
Drs. F.W. Manfred and
  Susan M. Menking
Mr. Greg Merkle
Ms. Olivia Merkle
Dr. and Mrs. Steven R. Moore
Mr. and Mrs. Eric K. Mullins
Mary and Hale Newman
Mrs. Alexina O’Brien
Ms. Kathleen O’Connell and
  Mr. H. Kenneth Peterson
Mr. Howard Orr

Ms. Marilyn Z. Ott
Ms. Candice Park
Parson Bishop Services
Mr. and Mrs. Adam Pearson
Ms. Ellen S. Peel
Mr. Joshua Pieper
Mr. and Mrs. Robert Pike
Mr. and Mrs. Barry Porter
Mr. and Mrs. Arthur G. Rahe
Mr. and Mrs. F. W. Rahe
Mr. Paul A. Rahe
Raithel Family Fund of The Fidelity 
  Charitable Gift Fund
Anil and Dulari Ralhan
Mr. and Mrs. Robert D. Rece
Ms. Alice K. Roberts
Mr. and Mrs. Stephen C. Rogers
Dr. Terri L. Roth and
  Dr. William F. Swanson
Ms. Laurie Ryan
Ms. Mandi Schook
Mr. Eric Schussler
Mrs. Martha S. Seaman
Mrs. Julie Shaffer
Mr. and Mrs. Hugh Shipley
Mr. Eli E. Shupe, Jr. and
  Ms. Toby Ruben
Mr. and Mrs. Robert E. Singer, Jr.
E. Gregory Smith
Steve and Linda Smith
Charles and Carol Specter
Ms. Schyler Sprague
Tim Staiger
Ms. Martha A. Stimson
Mr. and Mrs. Charles Strebel
Miss Morgan Swank
Dr. Vicki Szabo
Bunny and Frank Szecskay
Ms. Linda A. Tache
James L. Thompson
Mr. and Mrs. Morley P. Thompson, Jr.
Mr. Doug Tingler
Ms. Diane R. Vogelsang
Ms. Lisa Vollmer
Mr. and Mrs. Reid Wells
Drs. Jeffrey T. and Kyra R. Whitmer
Dr. Jeffrey Whitsett
Betty A. Wuest
Mrs. Melanie Yoes
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CREW’s Star
Scientists Recognized 

In October, 2015, CREW’s Director of Animal Research, 
Dr. Bill Swanson, was presented with the prestigious 
Duane Ullrey Award by the American Association of Zoo 
Veterinarians (AAZV) for his work with endangered small 
cats.  The Duane Ullrey Award recognizes exceptional 
achievements in the science of wild animal health. 
The award is given to PhD researchers or non-clinical 
veterinarians who have used sound scientific principles 
to achieve significant benefits to wildlife.  Honorees are 

chosen by a panel of prestigious veterinary colleagues with no input from the 
recipient’s place of work.  

In June, 2016, CREW’s Post-doctoral researcher, Dr. 
Anne Catherine Vanhove was awarded second place 
in the Post-doc competition for her presentation at the 
National Meeting of the Society for In Vitro Biology.  At 
the same meeting, Megan Philpott, a CREW/University 
of Cincinnati shared Ph.D. student was awarded third 
place for her scientific presentation in the graduate 
student competition.  

In September, CREW Reproductive Physiologist 
Dr. Erin Curry was chosen as one of the 2016 
YWCA Rising Stars in the Cincinnati community 
because of her track record of achievements in 
conservation science, particularly with the polar 
bear, her mentoring skills, her natural ability to lead 
by example and the potential she demonstrates for 
a successful lifelong career.


