
Roth’s Remarks
Voluntarily Making A Huge Impact
In 1996, when I interviewed for the CREW Director job, I spoke with a number 
of people in important positions associated with the Cincinnati Zoo & Botanical 
Garden including the Zoo’s Director, the Zoo’s Education Director (today’s Zoo 
Director), the Institutional Animal Care and Use Committee Chair, prominent 
professors at the University of Cincinnati and Medical College associated with 
CREW, and the CREW Volunteer Chair (yes, really).  Volunteers have always been 

an integral and vital part of CREW, so much so, that the opinion of the CREW Volunteer Chair was 
solicited in the hiring of a new CREW Director.  That individual still volunteers at CREW today, and 
I often thank her for my job.  The importance of the more than 130 volunteers at CREW has never 
wavered.  These generous, talented individuals do everything from greeting guests at the front desk 
to socializing (and caring for) cats in the colony, from processing animal dung to making sterile media, 
and from assisting in surgery to designing scientific studies.  In addition, there are others working 
as educators introducing students to CREW’s work and talking to visitors at the CREW Public Exhibit 
and/or CREW cart each year.  In fact, over the past five years, CREW volunteers have taught >7,000 
students and introduced >280,000 visitors to CREW’s research.  During that same time frame, 69,305 
volunteer hours were logged in, supporting CREW in too many ways to mention, with an economic 
value of $1,733,708.  Perhaps just as important, these generous individuals are also dear friends and 
valuable colleagues, keeping CREW staff grounded while working side-by-side with us to advance 
our mission of Saving Species With Science®. 
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Enhancing Ovarian Stimulation Techniques in Polar Bears: 
Hitting it Right on the Nose

Taking Tally of Frozen Lions and Rhinos and Bears
(and more!)

Scientists at CREW are noticing a trend in which female polar bears housed with males tend to 
exhibit better responses to hormone injections than those housed without males.  Because most 
females that are candidates for AI procedures are not typically housed with males, CREW scientists 
wondered if providing olfactory stimulation to solo-housed females may serve as a substitute for 
the presence of a mature male, thereby augmenting current estrus induction protocols.  Polar 
bears have an outstanding sense of smell, so they probably can infer a considerable amount 
of information by sniffing the scent of another individual.  During the 2018 breeding season, 
fecal samples and urine-soaked straw were collected from Cincinnati Zoo’s male polar bear “Little 
One” and shipped out 2-3x/week for presentation to two females scheduled for AI at other zoos.  
Although the females did not overtly respond to the initial presentation of the “Odeur de Little 
One,” after receiving their first hormone injections, both females exhibited flehmen responses 
to the materials, indicating that they were particularly interested in the aromas.  Additionally, 
fecal hormone analysis revealed that both experienced higher concentrations of the hormone 
associated with ovarian activity than they had the previous year when they were treated with 

similar stimulation protocols but without olfactory stimulation.  Although polar bears are considered 
induced ovulators, the impact of male presence on ovarian dynamics is unknown in this species.  
These were the first attempts by CREW to enhance an estrus induction protocol with olfactory 
stimulation in polar bears and likely will be repeated in future AI endeavors.

In 1982, the first sperm sample cryopreserved by CREW scientists was placed in a liquid nitrogen tank for long-term 
storage at -196°C.  Over the years, additional samples collected by numerous scientists have been added, representing 
a myriad of gamete collections, late-night post-mortem gamete rescues, post-doctoral research projects, and assisted 
reproduction efforts.  As the number of samples increased, so did the number of storage tanks, which collectively came 
to be known as CREW’s CryoBioBank®.  This reserve of frozen genetic material from threatened and endangered species 
is one of just a few of its kind in the world.  By 2017, metal canes containing thousands of samples were packed like 
sardines within twelve large storage tanks.  Due to a need to create more space for incoming samples and to update the 
electronic inventory, efforts were initiated to physically catalog 35 years-worth of samples, cane by cane. Now the numbers 
are in: the CryoBioBank® contains over 1500 canes holding sperm, 
oocytes, embryos, or other tissues from 87 different animal species and 
subspecies! The repository is dominated by felids with 29 cat species 
represented, followed by ruminants (23 species) such as bongos, 
giant eland, and okapi. Rounding out CREW’s Signature Project animal 
species are rhinos (4 species) and bears (3 species). Additionally, there 
are amphibians, primates, otters, and many miscellaneous critters like 
aardvarks, penguins, and anteaters.  Most of these individual animals 
are no longer living, so storing their genetic material provides some 
insurance against loss of genetic diversity and options for producing 
future offspring.  (CREW thanks Praxair, Inc. for generously donating the 
liquid nitrogen required to maintain the CryoBioBank®.)   
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Thanks to a generous grant awarded to CREW from The Charlotte R. Schmidlapp Fund, which supports 
initiatives that empower and assist women and girls in achieving self-sufficiency, two promising young 
scientists had the opportunity to join the CREW team for an internship that involved designing and 
conducting an independent research project in plant or animal conservation science.

CREW’s Plant Lab has long worked with tissues from the endangered Florida 
Avon Park harebells (Crotalaria avonensis), but always pondered how much 

genetic diversity had been captured in the CREW collection.  Therefore, 2018 Plant Lab Schmidlapp 
Scholar Diana Bolton was challenged with answering this question.  Diana received her B.S. 
degree in Environmental Studies and Biological Sciences from the University of Cincinnati in 
December of 2017.  Her diverse undergraduate research experiences included the development 
of markers for genetic analysis.  She applied these skills to her work on the Avon Park harebells.  
In collaboration with Dr. Theresa Culley at UC, Diana analyzed the DNA of 144 plants sampled 
from three remnant wild populations.  Although she identified some diversity, it appears all plants were derived from a 
single ancestral population that has since been separated into three fragments due to habitat loss. The next step is to 
determine how much of this limited diversity is captured in the samples stored at CREW.  

Kristen Counsell was selected from a competitive pool of candidates as the CREW Animal Division 
2018 Charlotte Schmidlapp Scholar.  Kristen received her B.S. degree from Idaho State University 
and her M.S. from Mississippi State University, where she worked under the guidance of CREW post-
doctoral alumna Dr. Carrie Vance. Kristen’s graduate research focused on profiling animal stress and 
reproductive states in the horse, giant panda, and Colorado boreal toad.  After finishing her M.S., 
she performed fieldwork in both New Mexico and Puerto Rico, assessing amphibian populations 
and cryopreserving genetic samples.  At CREW, Kristen will be identifying the primary glucocorticoid 
metabolite excreted in polar bear feces, which will enable scientists to more accurately assess stress/
excitation in this species. Additionally, she will compare glucocorticoid concentrations in female 

polar bears that successfully produce cubs versus those that fail to reproduce to determine if stress could be a factor 
impacting reproduction.

Monitoring hormones to track reproductive cycles or diagnose 
pregnancy is a common endeavor of animal scientists.  To date, 
poop is the reigning favorite biological sample to work with: 
it’s generally easy to collect, non-invasive, plentiful and easily 
stored.  However, using fecal matter to monitor hormones in 
the common hippo is difficult due to their preferred method of 
disposal, best described as the ‘helicopter tail’.  The sample is 
swiftly showered in every direction imaginable as it is excreted.  
This challenge is compounded when hippos are housed in 
groups, rendering source identification impossible.  As an 
alternative, CREW enlisted help from the animal care team to 
develop a method to safely collect saliva from the open mouth 

of hippos using a syringe attached to a long flexible tube and dedicated positive reinforcement training.  Samples 
were collected from seven female hippos at Disney’s Animal Kingdom, Memphis Zoo, and our very own Cincinnati Zoo.  
CREW scientists extracted hormones from the saliva and have shown that results are comparable to those obtained from 
analyzing fecal samples.  Salivary hormone monitoring provides scientists insight into the reproductive status of the 
common hippo while avoiding the dreaded poop shower, truly a win-win solution. (Project supported by a gift from The 
Reuben Herzfeld Fund of the Greater Cincinnati Foundation.) 

Meet CREW’s 2018 Charlotte R. Schmidlapp Scholars

Pavlov Would be Proud!   

SAVING SPECIES WITH SCIENCE®

	

	



Love Hurts, Love Scars, Love Wounds 

MicroRNAs:
Mini Messengers Revealing Megafauna Mysteries 

MicroRNAs (miRNA) are small molecules made up of 
nucleotides (the same building blocks of DNA and RNA).  
MicroRNAs respond to different physiological states 
such as illness, reproductive status and food digestion, in 
turn influencing gene-expression controlling biological 
processes within an organism.  Since miRNAs respond to 
physiological changes that occur within the body, they can 
reveal a great deal of information about what an individual is 
experiencing.  For instance, in cows, changes in miRNAs can 
be used to diagnose pregnancy as early as eight days post-
conception, and in humans, miRNAs can be used to predict 
the development of Alzheimer’s disease.  Rhinoceros species 
are impacted by several unique diseases that are difficult to 
diagnose, and CREW scientists are interested in determining 

if miRNA concentrations in rhino serum may provide insight into the health status of individuals.  Circulating miRNAs 
within the serum of 27 rhinos of 4 species (African black, African white, Indian, and Sumatran) were sequenced, revealing 
the existence of 661 different miRNAs within the rhinoceros taxon.  Of those, 168 have not previously been reported and 
may be unique to rhino species. The next step of this study is to investigate how miRNAs differ between healthy animals 
and those afflicted by iron overload disorder, a disease that is difficult to diagnose. CREW scientists are hopeful that 
miRNA biomarkers may bridge the gap in our knowledge of how to diagnose the disease and allow for earlier treatment. 
(Supported by a grant from The Eppley Foundation for Research.)

Habitat loss and poaching have driven the wild 
population of Eastern black rhino (Diceros bicornis 
michaeli) to less than 1,000 individuals.  With 
such few individuals remaining, maintaining a 
sustainable captive population is crucial for black 
rhino conservation efforts.  The North American 
Eastern black rhino captive population includes 
21 breeding pairs, but several of these pairs 
have yet to produce calves.  CREW scientists are 
investigating the role of reproductive physiology 
and courtship behaviors in breeding success.  
Fecal samples and breeding behavior recorded 
via GoPro cameras have been collected from six 

rhino pairs housed at six different U.S. institutions.  To date, three of the pairs have successfully bred – a shout out to our 
black rhino pair Seyia and Faru for conceiving Kendi!  Preliminary data indicate no difference in estrous cycle length or 
progesterone and testosterone fecal metabolite concentrations between successful and unsuccessful breeding pairs.  
Interestingly, horn clash, jousting, advancing, and following behaviors are more commonly found in successful breeding 
pairs than in unsuccessful pairs.  Hence, successful courtship and breeding in black rhinos involves aggressive behaviors.  
These behaviors may be associated with the release of glucocorticoids, i.e., “stress” hormones, and an imbalance in 
the output of glucocorticoids may suppress the expression of these behaviors.  To find out, CREW scientists are in the 
process of measuring and comparing fecal glucocorticoid metabolite concentrations in relation to courtship behavior 
in successful and unsuccessful breeding pairs. (This project is supported by a grant from the Institute of Museum and 
Library Services.)

RHINOCEROS SIGNATURE PROJECT UPDATES

	

Shared and species-specific miRNAs in serum of four 
rhino species.



OptiXcell: The Answer to Optimizing
Rhino Sperm Cryopreservation?

MicroRNAs:
Mini Messengers Revealing Megafauna Mysteries 

Semen cryopreservation is an important assisted reproductive technology for maintaining genetic variation in managed 
populations of endangered species.  To date, the semen extender (media used for freezing semen) of choice for 
most species contains egg-yolk or other types of animal protein. Unfortunately, egg-yolk runs the risk of microbial 
contamination and could result in the spread of disease when the semen is thawed and used in procedures such as 
artificial insemination.  CREW has been on a quest to find a vegan alternative to egg-yolk that will reduce or eliminate this 
risk but also protect rhino sperm during freezing.  It has not been an easy adventure, as it turns out soy-derived products 

(loved by cat and cow sperm) limit rhino sperm motility, and coconut products 
have an out-right murderous relationship with rhino sperm.  Thankfully, we believe 
the hero we’ve been hoping for has been found! OptiXcell is a commercially 
available animal-protein free extender that protects bull and buffalo sperm during 
freezing.  CREW tested OptiXcell with semen collected from three rhino species: 
African black, African white, and Indian, and preliminary results are promising.  
Sperm frozen in OptiXcell displayed post-thaw quality equivalent to, and in some 
cases better than, sperm frozen with the traditional egg yolk extenders.  OptiXcell 
offers an option that can help to prevent possible disease transmission, but also 
protects invaluable genetic material while it is being stored, relieving the worries 
associated with the traditional egg yolk options. (Study supported by a gift from 
the Coombe Family Fund of the Greater Cincinnati Foundation.)

Collaboration is Key to Conserving Rhinos 
This Fall marks the completion of a four-year National Leadership Grant from 
the Institute of Museum and Library Services to apply and enhance assisted 
reproductive technologies (ART) for captive African and Asian rhinos to 
ensure their optimal genetic management and long-term sustainability.  This 
collaborative effort between CREW and SeaWorld Busch Gardens Reproductive 
Research Center (SWBGRRC) involved partnering with 28 Association of Zoos 
and Aquariums (AZA)-accredited institutions and three privately owned facilities 
to achieve project goals.  One primary objective was to build upon national 
rhino gamete rescue centers by banking substantial sperm numbers and 
increasing the individual males represented.  While sperm sexing technology 

has been established in African white rhinos, the grant facilitated banking 
additional x-enriched samples from this species and enabled successful 
development of this technology in two new species, the African black and 
Indian rhino. In total, 77 multi-thermal gradient tubes of x-sorted and non-
sorted sperm, and over 1400 straws of non-sorted sperm were banked from 
27 male rhinos representing three species.  Additionally, the first use of a 
mobile laboratory (ST Genetics) to sort and freeze rhino sperm occurred 
over this past year.  Previously, semen had to be hand carried on an airline 
flight from each zoo where it was collected to the SWBGRRC lab in San Diego 
for sorting, whereas the mobile lab could be reached within a 1.5 hour drive.  
In addition to minimizing the time and hence stress that sperm samples had 
to endure from collection to sorting, the mobile lab employed three next- 
generation sorting machines, which increased the sort rate from 3,000 to 
8,000 sperm/second.  Future AI procedures may allow us to produce rhinos 
of predetermined sex for improved population management.

RHINOCEROS SIGNATURE PROJECT UPDATES

	

Collaborating scientist from ST Genetics 
overseeing the sorting of X- and Y-enriched 
sperm from an African white rhino in the 
mobile laboratory.



An Awful Lot of News about an Awesome Lot of Ocelots

The Missing Lynx: Characterization of Basal Seminal 
Traits and Sperm Cryopreservation in Canada Lynx 

Of the many wild cat species studied at CREW, ocelots have received special emphasis 
for a variety of reasons.  First, they are an American cat, native to the southwestern US, but 
now barely surviving along the Texas border with Mexico.  Although the ocelot species 
is not endangered in Latin America, the US ocelot population is most definitely in dire 
straits, with fewer than 60 individuals currently existing in the wild.  Second, ocelots have 
been a focal felid species at the Cincinnati Zoo over the past 40 years, with 44 kittens born 
in that time span, including the first ocelot produced from in vitro fertilization and embryo 
transfer, and one of the first ocelots born from artificial insemination (AI).  Third, CREW has 
been responsible for developing the reproductive knowledge and expertise that is now 
helping to conserve the ~100 ocelots managed in zoos by the Ocelot Species Survival 
Plan, a program coordinated by CREW’s Dr. Bill Swanson.  Just in the past year, CREW 
scientists produced their seventh pregnancy in ocelots with AI, resulting in the birth of 
a healthy female kitten at the Arizona Sonora Desert Museum.  CREW also initiated a 
semen cryopreservation project for wild ocelots in south Texas, working with Dr. Hilary Swarts, the USFWS biologist at 
the Laguna Atascosa National Wildlife Refuge and Dr. Tom DeMarr, the head veterinarian at the Gladys Porter Zoo.  Using 
CREW’s field-friendly methods for semen collection and ultra-rapid freezing, Drs. Swarts and DeMarr are banking semen 
from wild ocelots in conjunction with their ongoing health monitoring and radio-collaring efforts.  This frozen semen will 
be stored in CREW’s CryoBioBank until needed for future AI procedures with ocelots in zoos or possibly living in the wild.  
(Supported by the Institute of Museum and Library Services.)  

Being the missing lynx is really tufted!  The Canada lynx (Lynx 
canadensis), with its striking tufted ears, has received little research 
attention in zoos so information about its reproduction is very 
limited.  In North American zoos, this species is managed under 
a Species Survival Plan (SSP), but the current population is not 
sustainable.  Moreover, Canada lynx have experienced reproductive 
boom and bust cycles, complicating genetic management of 
the population under human care. Increased knowledge of their 
reproductive biology would benefit both breeding management 
and development of assisted reproductive techniques.  We 
recently initiated a project to describe basal seminal parameters 
in this elusive species and explore the feasibility of semen 
cryopreservation.  To define the best window of sperm collection 
and assess the effect of seasonality on lynx seminal traits, semen 
and fecal samples (for testosterone measurement) were collected 
before (late January), during (mid-February to mid-March) and after 

(early April) the peak winter breeding season.  During the 2018 breeding season, CREW scientists recovered sperm from 
all nine males via electroejaculation.  Preliminary results showed that sperm parameters were similar among the collection 
periods.  Overall, sperm production and semen quality in lynx were low in most males, but comparable to those reported 
previously in other lynx species.  In addition, semen was frozen from eight of the lynx, using protocols that proved suitable 
in other felid species.  Assessment of frozen sperm traits after thawing, and analysis of fecal testosterone levels are under 
way. Together, these results will provide zoos and population managers with a database of normal reproductive parameters 
in male lynx, and hopefully help to improve population sustainability. (Supported by a grant from the Institute of Museum 
and Library Services and the Roger & Kathy Gross Postdoctoral Fellowship.)

SMALL CAT SIGNATURE PROJECT UPDATES

AI kitten at Arizona Sonora
Desert Museum

	



Cat Doctors Without Borders 
CREW’s expertise in using assisted reproduction to 
propagate endangered cat species is well-known 
throughout the world.  Our cat program has trained post-
doctoral scientists originating from Australia, Brazil and 
Spain and aided collaborators in the United Arab Emirates 
and Brazil to produce sand cats and ocelots, respectively, 
via assisted reproductive technology.  To help spread these 
reproductive skills to two new countries, CREW recently 
hosted two European zoo veterinarians – Dr. Imke Lűders 
from the Műnster Zoo (Germany) and Dr. Rui Bernardino 
from the Lisbon Zoo (Portugal) – for an intensive one-week 
training course.  CREW scientists instructed their colleagues 
in the techniques of laparoscopy and laparoscopic oviductal 
artificial insemination (LO-AI), working with CREW’s domestic 
cats.  Both veterinarians became adept at conducting LO-AI 
after a short period of time, and even produced a domestic cat pregnancy following one of their practice AIs (using 
a semen sample frozen for ~20 years!).  To our knowledge, this frozen semen is the oldest ever used to produce live 
offspring in the domestic cat and reinforces the value of semen freezing for long-term preservation of felid genetic 
potential.  Now back in Europe, Drs. Lűders and Bernardino will be applying their new reproductive skills in an ongoing 
conservation project with the endangered Persian leopard, using LO-AI with frozen semen to create genetic exchange 
among leopards housed in different European zoos.  

SMALL CAT SIGNATURE PROJECT UPDATES

Sterilization has long been recognized by animal welfare experts as a key 
strategy to reduce the number of cats entering and killed in shelters each year.  
Surgical sterilization (i.e., spaying and neutering) is expensive, labor-intensive, 
and requires a veterinarian; and thus cannot fully address this monumental 
problem. However, non-surgical approaches are now being developed that 
may one day augment traditional spay-neuter programs. 

One promising new method involves a hormone termed MIS (Mullerian 
Inhibitory Substance) that is naturally produced by the ovaries to help regulate 
the number of eggs that develop each cycle. When present at high levels, MIS 
is a potent inhibitor of egg development and represents an attractive candidate 
for non-surgical sterilization.  CREW recently completed a one-year pilot study to 
investigate a novel approach to producing MIS: recombinant adeno-associated 

virus (AAV)–delivered gene therapy.  Our collaborators at Harvard University developed an AAV construct that 
encodes for the MIS protein, essentially borrowing the protein-making machinery of the cat’s muscle cells to 
produce MIS. Three CREW cats were treated, with all producing high levels of MIS that suppressed ovarian activity 
for two months before cyclicity resumed.  Our leading hypothesis for the temporary suppression is that the MIS 
protein was too immunogenic, provoking the cat’s immune system to develop anti-MIS neutralizing antibodies. 
Our Harvard collaborators have created a new AAV construct that should resolve the problem and allow MIS levels 
to remain elevated much longer (potentially for the cat’s entire life).  CREW is currently gearing up for the next 
vectored contraception study, scheduled to begin in October.  These groundbreaking studies represent a major 
milestone toward humanely reducing free-roaming cat populations and eliminating shelter euthanasia of healthy 
cats. (Funded by the Joanie Bernard Foundation and Michelson Found Animals Foundation.)

Unraveling the MIS-tery of Non-Surgical Sterilization 
for Free-Roaming Cats

	Dr. Lűders (left) and Dr. Swanson conducting laparoscopy



Sifting Through the Sandwort Genome

Plants Under Fire: Pennyroyal Conservation

Cumberland sandwort (Minuartia cumberlandensis) is a federally endangered plant 
found on the Cumberland plateau of southern Kentucky and northern Tennessee.  In 
2005, to aid the conservation and management of the species, CREW developed a tissue 
culture propagation protocol and outplanted 63 tissue culture plants in the Daniel Boone 
National Forest.  Since that outplanting, the population has grown to nearly quadruple 
its original size!  Because tissue culture propagation is clonal, however, we wanted to 
understand how well our outplanting matches the natural populations in terms of genetic 
diversity.  Developing microsatellite markers in the species proved tricky, as the species 
has low genetic diversity in general and we were unable to get enough data to distinguish 
individuals from one another.  Using the unconventional sequence-related amplified 
polymorphism (SRAP) marker system, we were able to gain a better understanding of the 
population genetics of the species.  As expected, the natural populations exhibited the 
highest genetic diversity. However, the diversity observed in our tissue culture outplanting 
was very close to that of the natural populations.  In addition, while some evidence for 
clonal propagation in all of the populations was observed, there weren’t significant 

differences in the genetic makeup of the populations.  What can we take away from all this?  Tissue culture propagation 
is a fantastic tool for the conservation of this species, and we already have a successful example of it in use!

Todsen’s pennyroyal (Hedeoma todsenii) is a federally endangered plant from New Mexico.  This plant likes to grow up 
on the mountain slopes to escape the New Mexico heat, but it also has to contend with another obstacle: missiles!  The 
majority of the species is found on the White Sands Missile Range, an active missile testing facility for the U.S. Army.  
Because the plant rarely produces viable seed, CREW has been working on cryopreserving the species for almost 20 
years.  Samples removed after 4-16 years of cryostorage were tested for their viability, and those stored across this 
time range did survive after cryopreservation.  A new method of cryopreservation, droplet vitrification, was also tested 
in the species and improved survival rates to 72% from the 24-39% observed with other methods.  To make certain 
our ex situ collection accurately captures the genetic diversity found in the species, we sampled the species’ entire 
geographic range for genetic analysis.  Low genetic diversity was found in the species, and even though there are many 
geographically distinct populations, we could distinguish only two major populations genetically.  This information will 
be used to prioritize areas for our future ex situ conservation efforts.  Moreover, our findings are useful to land managers 
striving to keep the species listed under the Endangered Species Act because we now know there aren’t 30+ distinct 
populations, there are only two!  (Funded in part by grants from the Institute of Museum and Library Services and the U.S. 
Army.)

EXCEPTIONAL PLANT SIGNATURE PROJECT UPDATES

	



How Stable are our Frozen Genes?
As part of our Institute of Museum and Library Services National Leadership Grant to evaluate the survival of seeds 
and tissues in long-term cryostorage, we tested the RNA quality of tissues after cryostorage.  Previous studies in 
soybeans have suggested that length of time in conventional storage and seed viability can affect RNA quality.  In our 
study, however, no relationship was found between the quality of RNA and either the length of time in storage or the 
survival after storage.  There are a variety of possible reasons for this finding, but most importantly, it doesn’t appear 
that reduced RNA quality should be a major concern in cryopreserved 
samples.  In addition to RNA quality, we tested samples that had been 
stored in either tissue culture or cryopreservation to see if DNA remained 
stable during storage.  Genetic changes were observed in both the tissue 
culture and cryopreserved samples, although cryopreserved samples had 
a lower rate of change.  CREW interns are currently running a follow-up 
experiment to determine when these changes may occur and whether 
they can revert after the initial mutation.  However, these results suggest 
that cryopreservation is preferable to tissue culture for promoting genetic 
stability in samples stored long-term.

EXCEPTIONAL PLANT SIGNATURE PROJECT UPDATES
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semen collection from polar bears immobilized 
with medetomidine. Proceedings of the 22nd 
Biennial Society for Marine Mammalogy. 
Poster presentation, Halifax, Nova Scotia.  

Gonzalez R, J Newsom and WF 
Swanson.  2018.  Ultra-rapid freezing of 
domestic cat spermatozoa for potential 
application to endangered felids.  
CRYO2018, The 55th Annual Meeting of 
the Society for Cryobiology, p. 3 (abstr. 
S9).  Oral presentation, Madrid, Spain. 



SCIENTIFIC HIGHLIGHTS
Hansel N and VC Pence.  2018.  Survival of 
hyperhydric and more normal phenotypes of 
Cycladenia humilis var. jonesii and Crotalaria 
avonensis through cryopreservation.  In 
Vitro Cellular and Developmental Biology—
Plant 54:S56.  Society for In Vitro Biology 
meeting, Poster presentation, St. Louis, MO.

Kennedy VC, TL Roth, EM Donelan and E 
Curry.  2018.  Western blot evaluation of fecal 
transthyretin (TTR) for use as a pregnancy 
test in polar bears (Ursus maritimus); In 
search of the golden compass of population 
management tools.  Proceedings of the 
Society for the Study of Reproduction, 
P447. Poster presentation, New Orleans, LA.  

Lambo CA, KD Paterson , WF Swanson and SJ 
Jaques.  2018.  Serum anti-müllerian hormone 
concentration during controlled ovarian 
stimulation in felids for improved monitoring 
of reproductive potential.  Proceedings of the 
Joint Meeting of the American Association 
of Zoo Veterinarians, European Association 
of Zoo Veterinarians and Leibniz Institute 
for Zoo and Wildlife Research pp. ?.  Oral 
presentation, Prague, Czech Republic. 

Pence VC.  2018.  Challenges in the 
cryopreservation of endangered wild 
species.  CRYO2018, The 55th Annual 
Meeting of the Society for Cryobiology.  
Invited speaker, Madrid, Spain. 

Pence VC.  2018.  Meeting the challenge of 
exceptional plants conservation: Conserving 
species without bankable seeds.  Kew 
Science Seminar.  Invited speaker, Royal 
Botanic Gardens, Kew, Richmond, UK.

Pence VC.  2018.  Exceptional plant 
species conservation at CREW—
USA.  Workshop on exceptional plant 
species.  Invited speaker, Royal Botanic 
Gardens, Kew-Wakehurst, Ardingly, UK.

Pence VC, A-C Vanhove, MF Chaiken, B 
DeBurger and JE Mortensen.  2018.  Endophytic 

bacteria reduce recovery of Crotalaria 
avonensis shoot tips after cryopreservation.  
In Vitro Cellular and Developmental Biology—
Plant 54:S57.  Society for In Vitro Biology 
meeting, Poster presentation, St. Louis, MO.

Pence VC.  2018.  The challenge of conserving 
endangered exceptional plants.  The Hawai’I 
Native Seed Conference.  Invited speaker, 
University of Hawai’I at Mānoa, Mānoa, HI, 

Pépin D, L Vansandt, A Miller, J Newsom, 
M Kano, L Zhang, N Nagykery, D Wang, G 
Gao, P Donahoe and W Swanson.  2018.  
Gene therapy with AAV9 delivery of an MIS 
transgene inhibits estrus in female cats.  6th 
International Symposium on Non-Surgical 
Contraceptive Methods of Pet Population 
Control.  Oral presentation, Boston, MA. 

Roth TL, MW Schook and MA Stoops.  
2018.  Monitoring and controlling ovarian 
activity in the rhinoceros.  International 
Embryo Technology Society 44th Annual 
Conference, Companion, Nondomestic 
and Endangered Species Symposium.  
Invited speaker, Bangkok, Thailand.  

Vansandt LM, D Markovic, ML Biller, J 
Newsom, H Bateman, WF Swanson and BA 
Hay.  2018.  AAV-Vectored generation of 
GnRH-binding immunoglobulins for non-
surgical sterilization of domestic cats.  6th 
International Symposium on Non-Surgical 
Contraceptive Methods of Pet Population 
Control.  Oral presentation, Boston, MA. 

Vansandt LM, A Fischer, L Rhodes and A 
Rowan.  2018.  Contraceptive research: a 
laboratory and clinical perspective.  6th 
International Symposium on Non-Surgical 
Contraceptive Methods of Pet Population 
Control.  Panel discussion, Boston, MA.

Watanabe M, SJ Bauer, LE Romick-Rosendale, 
E Curry and TL Roth.  2018.  NMR-based 
metabolomics contributing to saving critically 
endangered species.  Annual Conference 

of the Metabolomics Society, p. 108 (abstr 
# P-136).  Poster presentation, Seattle, WA. 

Wojtusik J, MA Stoops and TL Roth.  2017.  
Use of animal-protein free extenders as 
alternatives to standard egg-yolk based 
extender in semen cryopreservation of 
the black rhino (Diceros bicornis) and 
Indian rhino (Rhinoceros unicornis).  11th 
International Conference on Behaviour, 
Physiology and Genetics of Wildlife (abstr. 
47).  Poster presentation, Berlin, Germany. 

Wojtusik J, MA Stoops and TL Roth.  
2018.  OptiXcell is a comparable animal 
protein-free alternative to egg-yolk 
based extender for rhinoceros semen 
cryopreservation.  Society for the Study of 
Reproduction 51st Annual Meeting (abstr. 
467).  Poster presentation, New Orleans, LA.

GRANTS AWARDED
Funding Source:  The Institute of Museum 
and Library Services.  Project:  Collections 
stewardship of captive polar bears.  
Role: Principal Investigator.  Duration:  
11/1/18 – 10/31/21.  Amount:  $244,216.

Funding Source:  The U.S. Army.  Project:  
Genetic analysis and conservation of Hedeoma 
todsenii.  Role: Principal Investigator.  Duration:  
1/1/18 – 12/31/18.  Amount:  $20,000.

Funding Source:  Summit Metro Parks, Akron, 
OH.  Project: Continued Northern monkshood 
production and genetic analysis.  Duration:  
1/1/18 – 12/31/18.  Amount:  $7,500.

Funding Source: Cincinnati Zoo & 
Botanical Garden Conservation Fund 
Grants.  Project: Investigation of the genetic 
diversity and ex situ collection of federally 
threatened Lakeside daisy.  Duration: 
12/1/18 – 11/1/19.  Amount: $3,000.

FRIENDS OF CREW
$100,000+
The Joanie Bernard Foundation
Mrs. Florence Hoffmann Estate
Institute of Museum & Library Services
$20,000 - $99,999
Anonymous
Mr. and Mrs. Roger W. Gross
Ms. Elizabeth Tu Hoffman
Debbie and Dave Horn
Praxair Distribution Inc.

Charlotte R. Schmidlapp Fund
$10,000 - $19,999
Association of Zoological 
Horticulture
The Chase Legacy Fund
Anonymous 
Ms. Iris de la Motte
Mary Elizabeth Dodson Trust
The Eppley Foundation for Research
Heidelberg Distributing Co.

The Reuben Herzfeld Fund of
The Greater Cincinnati Foundation
Mr. Robert A. Johnston
Sharp Business Systems
Young Family Foundation
$5,000 - $9,999
Dr. and Mrs. Thomas E. Bell
Dallas W. and Helen B. Bowyer 
Charitable Trust
Cold Jet

Coombe Family Fund of The Greater 
Cincinnati Foundation
Lucile and Richard Durrell Special 
Fund II of The Greater Cincinnati 
Foundation
Mr. and Mrs. Joseph D. Haas, Jr.
and Family
Mr. James Jenny
Live Nation Worldwide, Inc
New Mexico State University
Debbie L. Williamson

$1,000 - $4,999
Eileen and John Barrett
Janice and Bob Bechtel
Mary H. Berning
Eliza L. Biederman
Mr. and Mrs. Brian Black
Bourgraf Family Foundation
Braxton Brewing Company
Mr. and Mrs. Edward J. Burk
Mr. Ralph R. Carruthers

Our sincere gratitude to the following who gave $100 or more in 2017:



FRIENDS OF CREW
Our sincere gratitude to the following who gave $100 or more in 2017:
Candace F. Carson
Dr. Leann Coberly and Mr. 
Christopher Farrell
Elizabeth Coombe
Jacquelyn Dieckman
and Michael Camery
Charles M. Dolgas and
Karen M. Abell
Fouad and Mary Ezra
Fairchild Tropical Botanic Garden
Carolyn Friedman
S. Gallagher
Stew and Linda Hall
Mr. and Mrs. Joe Harry
Mr. and Mrs. John Howie
Donald and Lucia Hudson
Ms. Deborah L. Huffman
Laurie F. Johnston
Mr. Jeffrey Kapela
Mr. and Mrs. Stephen M. Kralovic
Bob and Judy Licht
Mr. Roger H. Lindemann
Louisiana State University
Louisville Zoo
Mary Ann Meanwell
Mr. and Mrs. Aaron Meyer
Mt. Carmel Brewing Company
Mr. Charles E. Noe
Mr. Bob N. Ramsey
Red Stone Farm, LLC
Rhinegeist Brewery
RNDC General, LLC
J D Roberts Family Charitable Fund
Mr. Glenn N. Rogers
Ms. Julia H. Roth
Dr. Terri L. Roth and
Dr. William F. Swanson
Stuart and Roselyn Schloss
Mr. Adam Schmucker and
Dr. Laura Schmucker
Mr. and Mrs. Henry W. Schneider
Paul and Jeanne Schneider
Mrs. Billie S. Spitz
Ken and Carol Stecher
Tom and Dee Stegman
Mrs. Judy L. Stewart
Virginia B. Stirling
Sharon and Gary Stoops
Ms. Arlene A. Thorwarth
U.S. Fish & Wildlife Service
Mr. and Mrs. Raymond J. Ulrich II
Mrs. Karen B. Wachs
Ginger and David Warner
Jim and Lotus Wittkopf
$500 - $999
Bad Tom Brewing
Tom and Bev Barden
Mr. Doug Bray

Miss Mary K. Conlon
Marcia and Joseph Cushall
DogBerry Brewing
Ms. Marianne Dressman
Mrs. Patricia Fetters and
Mr. Matt Puthoff
Fifty West Brewing Company
Mr. and Mrs. David L. Fritz
Mr. Hank Gerdsen
Grants Etcetera, Inc.
Mr. and Mrs. Jeremy S. Hilton
and Family
Ms. Barbara Hurley and
Ms. Charlene Campbell
Karen V. Kamfjord Charitable Trust
Mr. and Mrs. Michael Karbowski
Mr. and Mrs. Thomas Lindstrom
Listermann Brewing
Drs. John J. Monaco
and Alison Weiss
Mrs. Jeanne Z. Olsen
Dr. Jennifer O’Malley
John and Jenifer Ray
Mr. and Mrs. Robert Roenker
Ms. Laurie Ryan
Mr. and Mrs. Matthew S. Schroeder
Mr. and Mrs. Dennis Shuler
Mr. Eli E. Shupe, Jr. and
Ms. Toby Ruben
Mr. and Mrs. Robert E. Singer, Jr.
Steve and Linda Smith
Mr. Bruce Strawn
The Rivertown Brewing
Company LLC
Ms. and Mrs. Karen Tompos
Dr. David Weinrib
Mr. and Mrs. Reid Wells
$100 - $499
Ms. Sally Ahrens
Drs. Frank and Mary Albers
Mr. Joshua Altman
Ms. Linda Asper
W. Terry Averbeck and
Theresa T. Averbeck
Mr. Kenneth A. Ayer
Mr. and Mrs. Peter Ayers
Beth and Bob Baer
Ms. Elizabeth Bangel
Mr. Robert Barbella
Mr. and Mrs. Tim A. Baxter
Mr. William Bedford
Bridgette Berry
Ms. Kathryn Blackburn
Mr. and Mrs. Gary Blattman
Mr. Walter Blume
Ms. Brigitte Bouska
Glenn and Donna Boutilier
Mrs. Barb Brausch
Erica Brown

Sandra Browning
Gary and Angie Butterbaugh
Tim W. Carlson
Mr. and Mrs. Philip F. Carter
Al and Karen Cenci
Thomas W. Chatham and
Kathleen A. Chatham
Ms. Beverly Chaussy
Mrs. Deirdre Cherryholmes
Wilfred A. and Judith S. Cote
Mrs. Marylou Creelman
Chris and Janice Cubbison
Dr. Erin Curry
Dr. Rick Dalessandro
Ms. Clara Dantic
Dr. and Mrs. Rank O. Dawson, Jr.
Mr. Robert C. Dehner
Ms. Antoinette DeStefano
Mr. William DeTalvo
Dr. and Mrs. Donald A. Dietrich
Mr. and Mrs. Jerome H. Eichert
Dr. Nancy H. Eisenberg and
Mr. Jerry Harris
Mrs. Kimberly Embree
Mr. and Mrs. John M. Evans
Ms. Margaret Fecker
Mr. Aidan Finn
Five Points Elementary - Centerville
Mr. and Mrs. James W. Flessa
Ms. Meghan Gaddie
Dr. Nicholas Gale
Mrs. Joanna Gilchrist
Ms. Jessica Gmeinder
Mrs. Nancy Graeter
Mr. Jason Grice
Mr. and Mrs. Steven A. Groh
Mr. William Halstead
Ms. Debra Hartsell and
Mr. Michael James
Mrs. Kathryn Hawkins
Mrs. Alicia Henson
Mr. James N. Hoffmaster
Mr. and Mrs. Daniel L. Holden
Ms. Carol Ann Horn
Noel and Angela Horne
Judy and John Houston
Rachel Howard
Mr. Nicholas Hubble
Mr. and Mrs. Lance Ireland
Mr. and Mrs. Jonathan Iverson
Ken and Patti Jacko
Mr. and Mrs. Matt Johnson
Miss Amanda Jones
Mr. and Mrs. Michael D. Jones
Mrs. Doreen Kachur
Marie L. Kalb
Dr. and Mrs. Gary L. Keller
Mr. Thomas Kemme

Ashlee Kidd
Mrs. Ann Kilpatrick
Mr. and Mrs. Larry Kramer
Mrs. Lauren Laibe
Mrs. Cyndy Lane
Mr. Stephen M. Larkin and
Ms. Susan J. Domonkos
Mr. and Mrs. Donald Larson
Ms. Tiffany Lee
William Leinweber
Mrs. Helen LeMay
Mrs. Janet Z. Lindstedt
Mr. and Mrs. Steven M. Loseff
Mrs. Caroline Ludwig
Macy’s Inc.
Mr. Earle J. Maiman
Ms. Dubravka Maric
Mr. and Mrs. Anthony J. Maruffi
David Mason
Mr. Matthew McCurdy
McElhenney Family Fund
Mrs. Rebecca Meade
Dr. Susan Menking
Mr. Greg Merkle
Ms. Tammy Meyer
Ms. Mary Michelli
Mrs. Marti Mileham
Jodi Miller
Dr. and Mrs. Steven R. Moore
Mr. Rodney Mullannix
Mr. Eric Murphy
Mrs. Katherine Murray
Mary and Hale Newman
Mr. and Mrs. John D. Niedermeier
Mr. and Mrs. Stephen O’Bryan
Ms. Kathleen O’Connell and
Mr. H. Kenneth Peterson
Ms. Marilyn Ott
Ms. Ellen S. Peel
Dr. and Mrs. Paul H. Perlstein
Mrs. Jane Rahn
Raithel Family Fund of The Fidelity 
Charitable Gift Fund
Mr. and Mrs. Robert D. Rece
Mr. and Mrs. Andrew N. Reiss
Mr. and Mrs. Brian T. Rhame
Ms. Janet K. Rinehart
Mr. and Mrs. Richard W. Robinson
Mr. and Mrs. Steve C. Rogers
Mr. John Roth
Miss Susan Rummel
Mr. James Ryan
Miss Sarah Ryan
Samuel Adams Brewery
Ms. Laura Schlachtmeyer
Dr. Janis E. Schmidt and
Mr. David Pariseau
Mr. Gus Schmidt and
Ms. Peggy Schmidt

Dr. Mandi Schook
Ms. Marianne Schumacher
Mary D. Schweitzer
E. W. Scripps Company
Martha S. Seaman
Mrs. Michelle Sheffield
Mr. and Mrs. Hugh Shipley
Ms. Beverly Shores
Mr. Dave Silvati
Ms. Sharon Sittner
Mrs. Linda Smith
Mr. Ryan Sowers I
Mrs. Julia A. Sprong
Dr. Donna L. Stahl
Tim Staiger
Mr. and Mrs. Charles Strebel
Ms. Lisa G. Swab
Linda Tache
Miguel Tavera
Ms. Ethel Tawes
Ms. Catherine Terrell
Ms. Judy A. Tessel
James L. Thompson
Mr. and Mrs. Morley P. Thompson, Jr.
Miss Jessica Thornsburg
Ms. Gwendolyn A. Triplett
University of Southern Indiana
Ms. Diane Vogelsang
Ms. Lisa Vollmer
Ms. Ellen C. Wang
Dr. Jerry W. and Katherine Warner
Miki Watanabe
Mrs. Penny Webster
Ms. Carol J. Wehmann
Jeffrey and Arlene Werts
Drs. Jeffrey T. and Kyra R. Whitmer
Mrs. Nancy P. Wickemeyer
Ms. Terrie Wiedenheft
Mr. Robert l. Wilson
Ms. Linnea B. Woodward
Mr. Sean Wright
Betty A. Wuest
Mr. and Mrs. George E. Yund
James L. Thompson
Mr. and Mrs. Morley P. Thompson, Jr.
Mr. Robert Trezevant
Ms. Diane Vogelsang
Ms. Lisa Vollmer
Dr. Jerry W. and Katherine Warner
Mr. and Mrs. Eric Weinstein
Mr. and Mrs. Reid Wells
Mr. Michael Wessels
Drs. Jeffrey T. and Kyra R. Whitmer
Mrs. Nancy P. Wickemeyer
Ms. Betty J. Wright
Betty A. Wuest
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