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| Petoranee Mission Statement

Sciences

To innovate canine detection technology by exploring
basic and applied research frontiers in olfaction, behavior,

genetics, and physical performance.
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To enhance the
power and lives
of our canine

partners so they
can make the
world a safer

place.
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Canine

S| e Breeding Program

Enhance Domestic Production of Detector Dogs

Improve ~ Sires &

&

Enhance Dams
I M
Operations Puppy
Feedback Training
\ Adult

Training

sy

Determine the Best Production Model of Detection Dogs
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Canine
Performance
Sciences

Breeding

Pregnancy and
Whelping

H

Birth to 7 weeks:
Early Development
at CPS

Breeding Program Phases

7 wks to 6 months:
Intermediate
Development at
CPS

6 to 10 months:
Intermediate
Development at
Prisons

—

10 to 12 months:
Final Evaluation/
Placement

AUBURN UNIVERSITY

COLLEGE OF VETERINARY MEDICINE



& | Canine

Breeder Requirements

CPS Breeder Requirements

Medical

Genetic
Balance

Performance
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@ | Canine

| e Breeder Requirements

CPS Breeder Medical Requirements

* PennHip - DI at or below 0.30

* OFA - Good/Excellent Hips

* Elbows/Shoulders/Stifles-Normal
 No Transitional Vertebrae
 EIC-Clear

e CNM - Clear

e prcd-PRA —Clear

* Eye CERF - Normal
 Echo-Normal

* Brucellosis - Negative

B AUBURN UNIVERSITY
. COLLEGE OF VETERINARY MEDICINE



Performance

Sciences Eliminating Hip Dysplasia

f Santic Breeding Program Advancements

AUCVM AGILE

Haney, P. S., Lazarowski, L., Wang, X., Wang, X, Hathcock, J., Lofton,
R., Wilborn, R., Waggoner, L. P. (in press). Effectiveness of PennHIP
and Orthopedic Foundation for Animals hip quality
measurements for breeding selection to reduce hip dysplasia in a
population of purpose-bred detection dogs. Journal of the
American Veterinary Medical Association.
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e Breeding Program Advancements

Performance

Sciences Eliminating Hip Dysplasia

>~ measures will from
population.
>~ is a for hip quality of a

working population.

~ as breeding selection tool can
from a population.

>~ should be the
for entrance into a breeding

colony.

H AUBURN UNIVERSITY
Wam®: COLLEGE OF VETERINARY MEDICINE



% | Fetirmance Remaining Questions

Sciences

Future

CPS lation DI : .
—, Doesexercise help reduce hip

0.38 £0.10 laxity in growing pups? L

N\

Does exercise increase bone
density in growing pups?

\4

Do pups with more rear limb
proprioception have healthier gaits, which
in turn improves overall movement and
reduces stress on hip joints?

AUBURN UNIVERSITY

S COLLEGE OF VETERINARY MEDICINE



e Breeding Program Advancements

7 Lscionces Retrospective Study: Determinates of Litter Size

Multiple factors within a single breeding cycle were examined
from AUCVM-CPS breeding
program between January 2014 — May 2019

Multiple regression including

7~ Age of Dam Matings + Semen Type + Natural
~ Semen Type Tie + Insemination Location +

~ Semen Quality Age of Dam + Estrus

# |nsemination Method Management Drugs

significantly predicted the

~ Site of Semen Deposition ,
number of pups conceived

> Number of Inseminations

55 Breeding Cycles with 26 females

L F(7’ 47) = 9.08, p < 0.001, R2=0.5116

*Unpublished data H AUBURN UNIVERSITY
v- H -GE OF VETERINARY MEDICINE



f Canine Breeding Program Advancements
T Retrospective Study: Determinates of Litter Size

Mean Litter size Median Litter size | Range Litter size

5.45 £ 3.87 pups 6 pups 0-12 pups

# of inseminations per breeding cycle

Mean Range
247 £0.74 1-4

Discovery:
One live cover mating 1" litter size by 2 pups L L

One TCl mating 1" litter size by 3 pups L L L

H AUBURN UNIVERSITY
—

. COLLEGE OF VETERINARY MEDICINE

*Unpublished data



7 | Eetoane CPS Standard Breeding Practices

# Ovulation timing to confirm peak fertile window
» Standardized Breeding Cycle — Spring 2018

Breeding Cycle — Goal: 3 Matings

LH Ovulation l
!

1 Mean Litter size
| N iAi j i | | | | | 5
| | |

8.08 £ 2.99 pups

Conception Rate Median Litter size

100% 9 pups

f|‘

F s § M T W T F § § M T W

Semen Type Range Litter size

Fresh 2—12 pups

H AUBURN UNIVERSITY
Wam®: COLLEGE OF VETERINARY MEDICINE



Performance

SoioTt Elective C-Sections

f e Breeding Program Advancements

* In 2014, CPS replaced Free Whelping with Elective C-sections

* Elective C-sections were chosen with hopes of:

~ { duration of whelping

~ J stress for dam and pups

~ P neonatal survivability

~ " controlled whelping process

. AUBURN UNIVERSITY
= Number Of Vlable pUpS after 24 hou I's Wa®. COLLEGE OF VETERINARY MEDICINE



f Santic Breeding Program Advancements

Performance
Sciences

Retrospective Study: Elective C-Sections

# CPS Breeding Colony Typical Gestation length
-63 days * 1 day from LH surge # h‘

-61 days * 1 day from ovulation

C-section delivery was

(47 £ 11 minutes, n=17) when compared to
free whelping (237 £ 66 minutes, n=12),

p <0.001.

*Unpublished data H AUBURN UNIVERSITY



e Breeding Program Advancements

Performance

Sciences Retrospective Study: Elective C-Sections

Puppy Survivability

Puppy survivability

between free whelp and elective C-section, p = 0.68.

Percent Puppy Survivability :
Free Whelp vs Elective C-Section

L]
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= o
[y o
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=] O ]
S - o
O — e o
| |
FW CS
Type: Free Whelp (FW) vs Elective C-Section (CS)
~ Free Whelp = 27 Litters Unpublished data
(includes 4 litters that resulted in emergency C-section)
> Elective C-Section = 28 Litters JAY AUBURN UNIVERSITY

S COLLEGE OF VETERINARY MEDICINE



e Breeding Program Advancements

Performance

T Elective C-Sections
HOW TO KNOW WHEN DAM IS READY FOR C-SECTION?
° pe rformed during eStrus-more exact projected DOB
. of <2 ng/ml on day of C-section
Submit blood samples starting 3 days prior to whelping

° to assess fetal maturation
Perform starting 3 days prior to whelping

— > 200 beats per minute

— Kidneys ~57 days
— Intestines ~61-62 days
» View peristalsis on ultrasound

— Nesting (usually seen overnight when dam is alone)
— Lack of appetite

AUBURN UNIVERSITY
- DeC“ne in bOdy temperatu re Of the dam?? B COLLEGE OF VETERINARY MEDICINE



Canine
Performance

Resources

Society for Theriogenology: “Find a Vet” feature
www.therio.org

c /custom.asp?id=1107 * @ :
. Society for
(©) Theriogenology
Veterinarians Dedicated to Animal Reproduction

ABOUTUS MEMBERSHIP EDUCATION & EVENTS THERIO NEWS FORTHE PUBLIC VETERINARY RESOURCES,

HISTORY OF THERIOGENOLOGY
Reproductive Veterinarians - Proceqaaasbiiaia i iy

SPEAKERS BUREAU

ity Search

_ o . USEFUL LINKS
0 get the best results for veterinarians within the US, search by state. E

then use the pull down menu to select the state. Once the system pulls tRSELISERIEIEEIE S IR IoE BTN
top will show you the location of veterinarians in different areas of the s

o nowy i netl e | POSITION STATEMENTS
find specific information on each veterinarian by clicking on the people i

STAFF LIST
Country Any Country v CONTACT LS
Location
¥| Remember Me
Species of v e
Interest EL -
Bovine L Forgot your password?
Procedures Haven't registered yet?
Camelid v
Procedures
Canine M 7/22/2020 » 7;25,'2020
Procedures 0Tl
Equine v
Procedures
Exotics/Farmed A
Deer
Procedures
Feline . 571172017 H AUBURN UNIVERSITY
Demrndiienn Veterinary specialty colleges e

S COLLEGE OF VETERINARY MEDICINE


http://www.therio.org/

Breeding Program Advancements

Canine
Performance
7 Isciences Examining Maternal Influences

Maternal influence on puppy health and behavior
Environmental signals

(nutrient, stress, etc)

» Placenta is a critical organ for fetal morphological and
behavioral development, especially brain development @

~ |dentify signatures in placental transcriptome associated
with traits of interest

# Placental immunity/inflammation status affects offspring
behavior and the level of stress

Placenta gene expression
and epigenetic profiles

healthy, 102g deceased 1-day after birth, 52¢ H AUBURN UNIVERSITY
—

COLLEGE OF VETERINARY MEDICINE



b | Ganin Breeding Program Advancements

w7 | Performance

7 I'sciences Examining Maternal Influences

Puppy APGAR scores
Impact of Elective C-section on pups

Litter DOB: [ j
Color: ID:

Sz
Sex:

Wt:

PE: Hard and soft palate 3 AnusEd  Urogenital 3 Umbilicus B Auscultation 3 Abnormalities:

0 1 2 Score: 5 min 30 min 2 hrs

Mucous Membrane color Cyanotic pale pink
Heart Rate <180 bpm 180-220 bpm >220 bpm
Respiratory effort/rate No crying/ Mild crying/ Crying/

<6 rpm 6-15 rpm >15 rpm
Reflex irritability Absent Feeble reaction Vigorous Reaction

(grimace) (grimace/vocalization)

Mobility, muscle tone Flaccid Some tane in Active Movements

S Behavioral interactions between dam
and pups during postnatal period

Score: 7-10= No distress; 4-6=Moderate distress; 0-3= severe distress Totals:
Referencing Bray et al. (2017) study

R. Wilborn, Auburn University

E AUBURN UNIVERSITY
. COLLEGE OF VETERINARY MEDICINE



Performance

Sciences Understanding Gut-Brain Axis

f Santic Breeding Program Advancements

Gut microbiome and behavior — the microbiome-gut brain axis Drs. Xu Wang & Gloria Wang,
Genomics Laboratory, AUCVM

~ Whole-genome sequencing
» ——— 100 million reads per sample
—
6 weeks
weaning
4 weeks 7 weeks 3-month 5-month 10-month 12-month
peak of lactation out of nursery evaluation  evaluation evaluation evaluation
& S Vaccination S i- i & S
M Liended ‘“8(,} 63‘6 Anti-parasite o® ‘“89\6

food begins N fﬁb& drug/treatment O AUBURN UNIVERSITY

COLLEGE OF VETERINARY MEDICINE

Unpublished results 5 H
—



> | péionce Breeding Program Advancements

Sciences

Enhancing Domestic Production of Detector Dogs

®©
Improve ~ . £
p& Sires & E
Dams g; G"‘ > ; behavior, olfactory
E n ha nce o - Phenomics cognitive phenotypes Maternal
£ — - Environment
g = HEEY) fMRI data, physiological onme
5 Endophenotypes measurements
) ope, P tabolit
\A“‘ 2 &) JEr i eoeme , | mQTLs, pQTL
\ E Metabolomics & Proteomics metabolic pathways
j Performance
) #\ . - Gene expression, SCRNA-seq EQTLS, expression
Operations Puppy & AREF  Transcriptomics networks
.. =
Feedback Training % Methyiation, histone mads .
O Y . . o MethQTLs, epige-
* % Epigenomics nomic changes
) ‘;i“:‘r.\; SNPs, indels, CNVs, fusion genes._{ QTLs, causal
oy Genomics genetic variants -
Adult
Training
— Strategic Partners .

BROAD HUDSONALPHA

INSTITUTE INSTITUTE FOR BIOTECHNOLOGY



Canine

2 | Remaining Questions

Future

Conception rate of last Why trouble with Frozen?
55 Breeding Cycles 11 not pregnant—> > Continue to use TCl for

30 % 9 used Frozen semen inseminations = then immediately Live

Cover with a vasectomized male for each

Average age of 1% Average time between mating
estrus estrus

17.4 months + 8.69 7.47 months + 1.61

| . §

Why so old? Like gymnasts?
Examine genetics, pedigree,
and various body systems.

AUBURN UNIVERSITY

. COLLEGE OF VETERINARY MEDICINE



& | Canine

Breeder Requirements

CPS Breeder Requirements

Medical

Genetic
Balance

Performance

B AUBURN UNIVERSITY
. COLLEGE OF VETERINARY MEDICINE



7| tenee Behavioral Characteristics of the Auburn

|.  Overview of behavioral
assessments; what we’ve
done and what we’ve
learned

AR B,

N\ ¥ A ’z‘

Il. Current and future
directions in assessing,
identifying, and breeding for
improved behavior

AUBURN UNIVERSITY

W' COLLEGE OF VETERINARY MEDICINE



Sciences

frontiers
®

Investigation of the Behavioral
Characteristics of Dogs Purpose-
Bred and Prepared to Perform Vapor
Wake® Detection of Person-Borne

Retrospective analysis of CPS behavior evaluations
N=157 between 2014-2016 ‘
3,6,10,12 mo

Retrieve

runt » Dogs in service

Focus

Performance Possession > Va pO rwa ke ®

Independence
Work effort 7 Sta ndard EDD
Air scenting

Surfaces

Environmental Soundness People 7~ DOgS UnSUitable for

Clutter

Startles service (washouts)

Trainability Overall

AUBURN UNIVERSITY

- COLLEGE OF VETERINARY MEDICINE
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Canine

Outcomes 2014-2016
N=157

Behavioral issues

B Environmental

B/ VWD
OEDD
@ Behavior washout
@ Medical washout

O Performance

B AUBURN UNIVERSITY
. COLLEGE OF VETERINARY MEDICINE



Ig.anfinp R I
f:‘ esults

e Distinct behavioral differences

between VaporWake™, EDD, and & —_
Washout dogs =1 Wastou
4 .
— Performance-related traits ) 5 - 5
differentiated VWD from EDDs, not ES
- greatest & * :
factor for serviceably as a working dog
1
. . . Performance Environmental Trainability
e Service-quality dogs not necessarily Lazarowski et al. (2018)

reflect breeding quality

H AUBURN UNIVERSITY
V' COLLEGE OF VETERINARY MEDICINE



7 | e Breeder Requirements

Sciences

CPS Breeder Behavioral Requirements

e Excellent hunt and air-scenting

* Deference for searching vs. social
interaction with people

— Balance between
independence and trainability

Handler-dog Environmental

* Focused, persistent, and workability soundness
composed when faced with
difficult challenges

* Resilience in extreme work
environments

H AUBURN UNIVERSITY
Wam®: COLLEGE OF VETERINARY MEDICINE



Canine

| e Takeaways

Sciences

* Refine definitions/measurement to
gain better resolution of important

traits l. Improve behavioral
assessments

* Early prediction

Il. Emphasis on

* Improve environmental soundness early development

* @Genetic vs. environmental

H AUBURN UNIVERSITY
V' COLLEGE OF VETERINARY MEDICINE



Performance
Sciences

> | petor l. Refinement of Behavior Evaluations

= -
v fror]tllers B
L Veterinary Sclence

Incorporation of cognitive assessments o iecton of Acsictanos
and Explosive Detection Dogs Using

Cognitive Measures

Evan L. MacLeai and Brial

Cognitive testing
N=81 @ 3, 6,and 11 mo Behavior evaluations

ors . . Retrieve
Cognitive Domain Sub-domain Test Hunt
. Gesture followin
. Communication — g Focus
Social Help solicitation £ -
E— S B Performance Possession
= P .y 5 I e Independence
easonin ausal cues
. - - g. - Work effort
Physical Spatial navigation Barrier detour X -
- - . Air scenting
Object permanence Spatial transpositions
X Surfaces
Working memory
. . . People
Executive Functions Self control Environmental Soundness Clutt
utter
General Attention
Persistence Startles
Motivation : : Trainability Overall
Emotion regulation

Duke University Dog Cognition Test Battery

Final outcome:
Success
Washout

H AUBURN UNIVERSITY
—

COLLEGE OF VETERINARY MEDICINE




g | Ganin l. Refinement of Behavior Evaluations:

w7 | Performance

Sciences Cognitive assessments

~

Joint attention Social bias Inhibitory control Problem-solving

B AUBURN UNIVERSITY
. COLLEGE OF VETERINARY MEDICINE
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1)

2)

Canine
Performance
Sciences

Relationships between cognitive abilities,
behavioral evaluations, and outcome

* Problem-solving speed
e Accuracy success

* Attention

* Cognitive flexibility

* Persistence/motivation
* Social sensitivity*

* Arousal

Early indicators of future success
* Evident as early as 3 months

I. Refinement of Behavior Evaluations:

Percentage of choices

Percentage of trial time gazing at human

100

100

80

60

40

20

cognitive assessments

Lazarowski et al. (2019) Animal Behaviour

. Odor

D Misleading gesture

P
1 —
Successful Unsuccessful
H AUBURN UNIVERSITY

S COLLEGE OF VETERINARY MEDICINE



S l. Refinement of Behavior Evaluations:

Sciences cognitive assessments

1) Relationships between cognitive performance,
behavioral evaluations, and outcome

* Problem-solving speed

e Accuracy success Takeaways

* Attention Cognitive domains underlie important
* Cognitive flexibility detection dog characteristics

* Persistence/motivation * More objective and reliable

* Social sensitivity* * Validate existing measures

* Arousal * Complementary

2) Early indicators of future success
* Evident as early as 3 months

H AUBURN UNIVERSITY
Wam®: COLLEGE OF VETERINARY MEDICINE



Performance
Sciences

s l. Refinement of Behavior Evaluations:

cognitive assessments

The role of arousal in problem solving and performance

Anim Cogn (2015) 18:1317-1329
DOT 1001007751007 1-015-0901-1

ORIGINAL PAPER

Ye rkes_Dod son |aw Increasing arousal enhances inhibitory control

in calm but not excitable dogs

Emily E. Bray' - Evan L. MacLean™ - Brian A. Hare™
Strong

Optimal arousal

¥
@
:
£ W
@ .
. Fatigue,
sleepiness Strong stress, anxiety,
\ impaired performance
% J,-"J
J
Weak
Low High
Arousal

H AUBURN UNIVERSITY
—

COLLEGE OF VETERINARY MEDICINE
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Canine
Performance
Sciences

* Strong motivation
* Focused energy
 Manageable

* Independent but

Strong trainable
¥
Lacks motivation
No possession or reward \
value R
Aloof and uninterested T o-i
N

Weak

y

I. Refinement of Behavior Evaluations

* Overly excitable

» Difficult to handle

* Unable to focus

* Kennel agitation

* Excessive vocalization
* Highly reactive

* No stamina

/
¥

Arousal

High

a

AUBURN UNIVERSITY

COLLEGE OF VETERINARY MEDICINE



Canine

7 e |. Refinement of Behavior Evaluations

Behavior Evaluations, 2.0

Arousal “Drive”
Kennel Working Reward Task
Persistence persistence
Travel Anticipation Attention
Balance

H AUBURN UNIVERSITY
“—

. COLLEGE OF VETERINARY MEDICINE



% | Fetirmance l. Refinement of Behavior Evaluations

1 - Behavior Checklist (BCL)
Scoring System

Behavior Evaluations, 2.0

e Adoption of The Behavior Checklist (Dr. James Serpell,
U Penn) for environmental soundness measures

e Standardized and validated

e Can be used for genetic analysis with Estimated
Breeding Values (EBVs)

[£) BCL General Overview

[£ BCL Form Downloads

[2) Definitions (Download Page ~ Alt.
Languages)

> 1 - Anxious in Unfamiliar Situations
> 2 - Fear of Noises

> 3 - Fear of Novel Objects

> 4 - Fear of Underfootings

> 5 - Fear of Dogs

> 6 - Fear of Stairs

> 7 - Fear of Traffic

> 8 - Separation Anxiety

>9 - Hyper-Attachment

>10 - Fear of Strangers

> 11 - Body Handling Concern

> 12 - Retreats when Reached for

DE@E@E@@@E@E@

> 13 - Harness Sensitivity

Gmdmg L&g&; g
for the Blind Eye

B AUBURN UNIVERSITY
. COLLEGE OF VETERINARY MEDICINE



Sciences

Canine " . o o o
f Petformance |. Refinement of Behavior Evaluations: Future Directions

Validation with other measures

B AUBURN UNIVERSITY
. COLLEGE OF VETERINARY MEDICINE



S| e Il. Emphasis on Early Development

Sciences

The role of Early Life Stress (ELS)

e Chronic or severe ELS can be traumatic

 Mild-moderate ELS:
* Promotes resilience
* Enhances problem-solving abilities
 Self-regulation of arousal
e “Stress inoculation”

Future Health Outcomes

i ] i }
L | L
Low Moderate High

Early Life Stress

H AUBURN UNIVERSITY
V' COLLEGE OF VETERINARY MEDICINE



| periormanee Il. Emphasis on Early Development

Sciences

Coatents lists available at

Applied Animal Behaviour Science

.-f
e S

Improving puppy behavior using a new standardized socialization program @u —

-
& inike

journal homepage: www.elsev

Research paper

Enhanced early socialization

Helen Vaterlaws-Whiteside*, Amandine Hartmann

Guide Dogs Nkl Brceding Centre, Banbury Ko, Bisheps Tchbvok, Warwickadie, CVE3 WF, United Kigpdorn

* Introduction of “small challenges”:
e Brief separations

* |ndividual enhanced
socialization

* Multi-sensory stimulation

Effects of maternal investment, temperament, and PUBLIC HEALTH

* Maternal inte Fa CtiOI’\S cognition on guide dog success Coddled Puppies Make Poor Guide Dogs,

Emily E. Bray™", Mary D. Sammel, Dorothy L. Cheney™", James A. Serpell®, and Robert M. Seyfarth® St u d y S u g g es t S

 Population specificity? R e
ﬁé r -’~‘»:‘ '“'%-:%L‘l
e

Heard on All Things Considered

Credit: Courtesy of The Seeing Eye; Bray et al

AUBURN UNIVERSITY

S COLLEGE OF VETERINARY MEDICINE



Canine o o . . .
‘f Performancg Remaining Questions and Current/Future Directions

Sciences

. Link between high performance- Cognitive parameters of scent detection
reactivity? — Learning capacity
— Biological underpinnings of — Memory duration and capacity

sensitivity to rewards/aversives .. .
y / — Limits of detection

* |Influence of genetics and behavior ..
& * Threshold, generalization

— Maternal influences and
epigenetics

— Gut/brain/behavior axis

H AUBURN UNIVERSITY
Wam®: COLLEGE OF VETERINARY MEDICINE



Canine
Performance
Sciences

Thank You

Partners and Collaborators

U.S.NAVAL

| RESEARCH.
LABORATORY

&AMEMCAN KENNEL CLUB
CANINE HEALTH
FOUNDATION

PREVENT TREAT & CURE"®

Q— -
theriogenolog/y foundation

The Future of Animal Reproduction

E Z BROAD
INSTITUTE HUDSONALPHA

INSTITUTE FOR BIOTECHNOLOGY

Breedmg program support

AUBURN UNIVERSITY

W' COLLEGE OF VETERINARY MEDICINE



Can‘in‘e
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Canine Performance Sciences

Advancing the Mobile Sensor Technology
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