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It is well established that maternal factors can affect the abilities of offspring to cope with stressors 
and can influence their overall welfare states. However, maternal effects have not been extensively 
explored in US commercial breeding kennels (CBKs). Therefore, the objective of this study was to 
identify if fear and stress in dams affected puppy welfare metrics in CBKs. Bitches (n = 90) were tested 
at 6 weeks prepartum (6 W Pre), and again with their puppies (n = 390) at 4 (4 W Post) and 8 weeks 
(8 W Post) postpartum. Dams and puppies underwent stranger approach and isolation tests, and their 
feces were collected to measure fecal glucocorticoid metabolite (FGM) and secretory immunoglobulin 
A concentrations. Further, dams’ hair cortisol concentrations (HCC) were analyzed at the previously 
mentioned time points and at 1 week prepartum. Finally, birth and weekly weights were collected from 
puppies, and litter health metrics were recorded. Data were analyzed using mixed-effects and simple 
linear regression models. There were significant positive associations between dams’ exploration and 
stationary durations and puppies’ durations of the same respective behaviors during the isolation 
tests (exploration: X2

(1) = 9.472, p = 0.002; stationary: X2
(1) = 5.226, p = 0.022), 8 W Post dam FGMs 

and 8 W Post puppy FGMs (estimate: 0.0003, SE = 0.0001, p = 0.002), and 4 W Post dam HCCs and 4 W 
Post litter FGMs (estimate: 0.052, SE = 0.025, p = 0.053). Significant negative associations between 
6 W Pre dam HCCs and 8 W Post puppy FGMs (estimate: -0.021, SE = 0.007, p = 0.007), puppies’ birth 
weights ( X2

(1) = 3.908, p = 0.048), and puppies’ average weekly weight gains ( X2
(1) = 0.111, p = 0.739) 

were also found. These findings suggest that indicators of dam fear and stress may be associated with 
potential indicators of puppies’ welfare states in CBKs. Findings provide new knowledge on fear and 
stress-related factors that may be used to support the welfare of dams and puppies in CBKs and other 
populations.

Some of the earliest studies on dog behavior have reported significant maternal effects on puppies’ behaviors 
in response to stressors1–3. However, these effects have not been explored in US commercial breeding kennels 
(CBKs). A recent study in this population found that puppies’ responses to stressors varied, with some 
differences being observed at the litter level, suggesting possible effects of their dams4. Exploring these effects 
more extensively in CBKs may provide important insight into the factors that might influence puppies’ stress 
susceptibilities and inform efforts to understand and support their abilities to cope when confronted with 
inevitable stressors.

Studies suggest that mothers may influence the stress responses and overall welfare of their offspring via 
genetic mechanisms, prenatal stress, maternal care, and social learning. For example, Wilsson and Sundgren1 
found that puppies’ behavioral responses to various tests, some of which elicited a fear response, were associated 
with the genetics of their dams. In dogs from CBKs specifically, heritability estimates for responses to stranger 
approach ranged from 0.09 to 0.345, though the strength of genetic influence from sires vs. dams is still unknown.

In addition to heritable factors, studies in other species illustrate that prenatal stress experienced by the dam 
may be associated with litter-related outcomes such as reduced birthweights and female-biased sex ratios, and 
may affect how her offspring respond to stressful scenarios6. For example, an experiment conducted in blue 
foxes, a species closely related to domestic dogs, found that offspring of prenatally stressed vixens exhibited more 
behavioral reactivity than those of vixens who were not prenatally stressed7. This was evidenced by aggression 
and increased escape attempts in an open-field test7. The authors also reported that serum progesterone 
concentrations, which are associated with hypothalamic-pituitary-adrenal (HPA) axis activation alongside 
glucocorticoids8, were higher, adrenal weights were lower, and, in females only, in-vitro adrenal production of 
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glucocorticoids was higher in offspring of prenatally stressed vixens than those of vixens who were not prenatally 
stressed7. These findings are supported by studies in other species, which cite behavioral abnormalities and 
hyperactive HPA axes in offspring of prenatally stressed mothers6,9.

Furthermore, the quantity and quality of maternal care provided to offspring can significantly impact how 
they respond to future stressors. In rodents, increased quantities of licking, grooming, and arched-back nursing 
(ABN) have been associated with decreased behavioral and physiological indicators of fear and stress and 
increased spatial learning and memory in offspring10–13. In dogs, increased quantities of maternal care have been 
associated with both positive and negative outcomes for puppies, such as increased or decreased behavioral and 
physiological signs of fear and stress, increased social and physical engagement and aggression, and decreased 
problem solving14–18. Differences between studies may be due to factors such as breed, environment, and 
management practices. Further, it is important to note that prenatal stress and fear may be some of the many 
factors that affect the quantity and quality of dams’ maternal behaviors12,19–22.

Finally, puppies’ responses to stressors may be shaped by social learning facilitated by their dams. Slabbert 
and Rasa23 found that puppies who observed their dams retrieve a hidden object multiple times during early life 
were more successful at completing the task themselves at 6 months old, compared to those who did not receive 
these prior observational experiences. In contrast, Fugazza et al.24 reported that the probabilities of 8-week-
old puppies’ problem-solving did not differ between those who previously observed their dam performing a 
problem-solving task and a control group. However, their findings conflict with those conducted with other 
species, which discovered that social learning facilitated by mothers is present early in life (e.g., kittens25 and 
wild orangutans26) and can result in in offspring learning to be fearful of certain stimuli (e.g., humans27, rhesus 
monkeys28). Therefore, although there are few published studies that have examined these effects with puppies, 
it is plausible that puppies may observe their dams’ behavioral responses early in life and subsequently respond 
similarly.

Altogether, the existing findings suggest that maternal fear and stress may profoundly affect offspring ability 
to cope with future stressors, which in turn, may influence their overall welfare. Exploring how maternal fear 
and stress influences puppy welfare may have important implications for breeding bitch selection in CBKs, with 
the aim to maximize puppies’ abilities to cope with future stressors. Most puppies from CBKs are transported 
to a distributor for sale, and some may be sold directly to customers or kept as breeding stock and potentially 
rehomed after their careers have ended. Throughout these processes they are likely to experience interactions 
with new people, separation from their dams, littermates, and/or conspecifics, and novel environments and 
management practices.

Different tests exist that may facilitate understanding of how puppies may respond to these real-life stressors. 
For example, stranger approach tests have been conducted with dams and puppies from CBKs4,29, and may 
provide insight into how they might respond to an unfamiliar person outside of the kennel. A variety of 
responses ranging from affiliation to avoidance have been observed in previous studies4,29. Isolation tests have 
also been conducted with puppies from CBKs4,29, and may elucidate how they might respond to scenarios such 
as separation from their littermates. Puppies from CBKs have demonstrated varying durations of exploration, 
locomotion, and attempting to escape, and frequencies of vocalizations during such tests, which may also help to 
gauge their overall levels of distress under these circumstances4,29. In addition to measuring puppies’ behavioral 
responses, certain physiological metrics may provide information as to how they respond to stressors. For 
example, as previously mentioned, glucocorticoids are associated with HPA activation and are indicative of 
arousal and, potentially, distress30–32. In addition, an individual’s immune function can change in response to 
stress and may be a useful metric when evaluating responses to stressors, and overall welfare31,33. Shorter-term, 
more invasive indices of these physiological metrics (i.e., saliva, plasma) are difficult to collect in CBKs, as the 
handling necessary to obtain samples can affect concentrations34,35. Less invasive indices of glucocorticoids and 
immune function, such as fecal glucocorticoid metabolites (FGM), fecal secretory immunoglobulin A (sIgA), 
and hair cortisol concentrations (HCC), may be more feasible. FGM and fecal sIgA capture HPA activation over 
a longer-term as compared to salivary metrics36,37, but indicate stress experienced over a shorter timeframe 
as compared to HCCs, which reflect HPA activation over weeks to months34. These metrics have previously 
been collected in dams and puppies from CBKs4,38–40. Finally, physical health and litter health metrics may be 
indicative of dam stress and puppy welfare, as an important aspect of animal welfare is basic biological health 
and functioning41. In CBKs, dams’ physical health has previously been evaluated using a visual physical health 
assessment39,42, and a novel adaptation of this tool has recently been developed to assess that of their puppies4,29.

Therefore, the objective of this study was to examine the effects of fear and stress in dams on puppy welfare 
outcomes. We hypothesized that dams who scored high on behavioral measures of fear and physiological 
measures of stress would have puppies who scored similarly on equivalent measures. Furthermore, we 
hypothesized that litter health metrics would be associated with measures reflective of their respective dams’ 
HPA activation during gestation.

Materials and methods
Ethics Statement
All methods were carried out in accordance with relevant guidelines and regulations. Experimental procedures 
and sample sizes were approved by Purdue University’s Institutional Animal Care and Use Committee (protocol 
number 1809001797, date of approval 11/13/2018). Breeders were required to sign a consent form before 
commencement of the study to enroll dams and puppies from their kennels. Breeders’ participation in the study 
was voluntary, and they were permitted to withdraw at any point for any reason. Although it did not occur in 
the current study, our protocol was to immediately stop testing if dams or puppies showed signs of extreme 
fear and/or aggression (e.g., repeated bouts of lunging, growling, escape attempts) that caused concern for the 
experimenter’s and/or dog’s safety. Further, if the experimenters or the breeder identified significant health issues 
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in dams or puppies (e.g., vomiting, severe upper respiratory issues, injury) they were excluded from the study 
at that time point.

Subjects
Twelve CBKs in the Midwestern United States (Indiana, Ohio, Missouri) were enrolled in the current study. 
Multiple kennels were included to account for differences in environment and management practices. All 
kennels were licensed by the United States Department of Agriculture (USDA)43, and met or exceeded all federal 
and state regulatory requirements. Subjects enrolled in the study were 126 dams (mean age = 3.02 years old, 
s.d.= 1.24, range = 1–6 years old) representing 26 breeds or crossbreeds, and their litters (412 puppies; 205 males, 
207 females) which included 31 breeds or crossbreeds (Supplementary Table S1). A minimum of seven and 
a maximum of 16 dams were tested at each kennel to capture variation within kennels (e.g., breed, maternal 
factors), and account for data loss due to failed conception, time constraints, etc. A total of 34 dams and 22 
puppies were excluded from the final analyses for reasons such as failure to conceive, cross-fostering of puppies, 
delivering only a single stillborn puppy, or requiring a cesarean section/being a puppy born via cesarean section. 
Any animals who died during the study period were also removed from analysis (dams: n = 1, puppies: n = 8, 
deaths were unrelated to study procedures). Further, to minimize the effects of developmental differences 
between litters, 15 dams and their litters (n = 65 puppies) were excluded from the 4 W Post time point final 
analyses as puppies were less than 4 weeks old when testing occurred. Therefore, the final analyses included 
data from 90 dams with a mean age of 2.94 years old (s.d.= 1.19 years old, range = 1–6 years old) which included 
24 breeds or crossbreeds, and 390 puppies (198 males, 192 females) representing 31 breeds or crossbreeds 
(Supplementary Table S1).

All puppies were housed with their dams until weaning (around 6–7 weeks of age) and with littermates until 
approximately 8 weeks of age when they were transported to a distributor on a predetermined day of the week. 
Three facilities reported providing socialization to their puppies daily, five reported providing socialization to 
their puppies at least twice a week, one reported never or rarely providing socialization their puppies, and there 
were no responses regarding puppy socialization for two facilities. Dams were group-housed (typically with 
others of the same size and compatible temperaments as determined by breeders) until approximately 1 week 
pre-partum when they were moved to individual whelping pens. All whelping pens were partitioned into two 
areas with a small barrier that contained puppies in one of the areas, while allowing the dams to move away 
from the litter to the adjacent area. Dams were not in physical contact with other dams and their litters while 
housed in whelping pens, but the potential for olfactory and visual contact existed and varied depending on 
their location in the kennel. Pens varied in size to accommodate dogs of different sizes and had various flooring 
types (e.g., diamond-shaped coated expanded metal, tile). Dams were provided with continuous access to a 
commercially available dry diet and water.

Experimental Procedure
Data collection occurred from June 2019 to December 2021. To ensure biosecurity, experimenters put on new 
disposable boot covers (Innovative Haus, Premium Thick Waterproof Disposable Shoe Covers) and nitrile gloves 
(KIMTECH™) before entry into each kennel. Gloves were changed between testing of each litter. Dams were 
tested at approximately 6 weeks prepartum (6 W Pre), and again at 4 and 8 weeks postpartum (4 W Post and 8 W 
Post) with their litters. The 6 W Pre timepoint was intended to act as a baseline measure for dams, as it preceded 
the period of highest biological and psychological stress associated with hormonal changes occurring during the 
peri-parturient period as well as adjustments to the dams’ social and physical environments, and related breeder 
management practices38. At each time point (only 4 W Post and 8 W Post for puppies), dams and puppies were 
subjected to a three-step stranger approach test, visual physical health assessment, and fecal collection for FGM, 
and fecal sIgA concentrations. Hair for HCC was also collected from dams at each time point, and at 1 week 
prepartum, but could not be collected from puppies as they were being transported to a distributor and sold after 
testing at 8 W Post. The stranger approach test was conducted and scored live by one of three equally trained, 
female experimenters. A research assistant stood off to the side and recorded the experimenter’s scores into a 
spreadsheet (Microsoft Excel) on an iPad (Apple Inc.). In most cases, individual dams and puppies were tested by 
the same experimenter at each time point. Additionally, at 8 W Post, dams and puppies underwent a one-minute 
isolation test. Finally, while puppies were still at the breeder, litter health metrics and individual puppies’ weights 
were collected weekly from birth to 8 W Post by the breeder or a caretaker.

Dam isolation test
At 8 W Post, prior to all other testing, experimenters constructed a large arena to conduct the dam isolation 
test. Depending on the weather and space constraints within the kennel, the arena was either placed in a large 
area within the facility or outside on the CBK property. The flooring consisted of 25 black interlocking rubber 
tiles (Armor-Lock Black Interlocking Rubber Tiles, 0.50 m by 0.50 m, Rubber-Cal Inc., Fountain Valley, CA, 
USA). Two metal exercise pens connected to each other (MidWest Foldable Metal Exercise Pen, Black w/ door, 
MidWest Homes For Pets, Muncie, IN, USA) were placed around the perimeter of the tiles. Each side was 
approximately 4.88 m long, and 1.22 m tall. To provide a visual barrier and reduce environmental distraction 
during testing, the sides of the pen were affixed with thick, black plastic sheets using zip ties. Small pieces of 
PVC pipe were attached to the inside of each corner with yarn to aid in stability. A small camera (GoPro Hero 
5, GoPro Inc., San Mateo, CA, USA) was attached to the top of one side of the pen using a flexible camera 
mount to record testing. The camera was angled to ensure that all activity in the pen could be captured. A visual 
representation of the test can be seen in Fig. 1a.

Dams underwent the isolation test after the stranger approach test and before physiological metric collection. 
Selection for testing occurred in no specific order. Once the arena was assembled, familiar caretakers transported 
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dams individually from their home pens to the arena. Dams had no exposure to this arena prior to testing. 
Caretakers placed the dam in the center of the arena, stepped outside, closed the door, and stood outside of the 
dam’s sightline. The experimenter, who was also standing outside of the arena and out of the dam’s sightline, 
waited for one minute (measured by a stopwatch or cellphone timer) until instructing the caretaker to retrieve 
the dam.

Dams’ behaviors during the isolation test were continuously recorded using the ethogram described in 
Table  1. The behavioral recording software, BORIS44, was used to facilitate such coding. Two experimenters 
coded all videos.

Puppy isolation test
At 8 W Post, the puppy isolation test was performed and scored as outlined in Romaniuk et al.4. Puppies within 
litters were tested in no particular order and litters were tested one after another. At the beginning of testing, each 
puppy was removed from their pen and placed in the center of a small arena by a familiar caretaker. The arena 
was an exercise pen configured into a hexagon with six 0.76 m tall black wire panels (Precision Pet Products, 
Costa Mesa, CA, USA) on top of six black interlocking rubber tiles (Armor-Lock Black Interlocking Rubber 
Tiles, 0.50 m by 0.50 m, Rubber-Cal Inc., Fountain Valley, CA, USA). The pen did not have a visual barrier 
comparable to the dam isolation test as puppies do not have fully developed visual acuity at this age, which 
limited their visual acuity of the area outside of the pen. A portable camcorder (Handycam HDR-CX405, SONY, 
Tokyo, Japan) on top of a tripod was placed outside of the arena to record the puppies’ behaviors during the 
test. A visual representation of the test can be seen in Fig.  1b. Once an individual puppy was placed in the 
middle of the arena, the experimenter moved a few steps backward and started a one-minute timer (stopwatch 
or cellphone timer). Throughout the test, experimenters, and anyone else in the testing room were quiet and did 
not visually interact with the puppy in the isolation pen. Puppies had previously experienced this test at 4 W Post 
(not included in the current study).

Puppies’ behaviors during the isolation test were continuously scored from video using the ethogram 
described in Table 1. The behavioral coding software, BORIS44, was utilized to do so. At each time point, videos 
were coded by two different experimenters.

Dam Stranger Approach Test
Dams were individually confined to the interior portions of their home pens at each time point before 
undergoing any other behavioral testing or physiological metric collection. They were given three minutes to 
habituate and then tested using a version of the behavioral section of the Field Instantaneous Dog Observation 
Tool (FIDO+)39,42,51. At 6 W Pre, the test was recorded using a tripod and portable camcorder (Handycam HDR-
CX405, SONY, Tokyo, Japan) for reliability analyses. The test consisted of three steps, as outlined by Stella et 
al.39 and Barnard et al.51. The steps were conducted as follows: Approach (step 1)—the unfamiliar experimenter 
approached the pen with a sideways orientation, knees bent, and an averted gaze, and scored the immediate 
behavioral response of the dam, then tossed a treat (1 cm pieces of Canine Carry Outs or Pup-Peroni, Big Heart 
Pet, Inc., Walnut Creek, CA, USA) over/ through the front bars of the pen and recorded whether or not the dam 
ate it; Open (step 2)—the unfamiliar experimenter, with the same orientation, body posture, and gaze, opened 
the door to the pen and scored the immediate behavioral response of the dam, then extended one of their hands 
to offer the dam a treat and recorded whether or not they ate it; Reach (step 3)—the unfamiliar experimenter, 
with the same orientation, body posture, and gaze, simultaneously extended one hand toward the dam to offer 
them a treat and the other to attempt to touch the dam’s shoulder or chest, then recorded if the dam ate the 

Fig. 1.  (a) Dam isolation test; (b) Puppy isolation test.
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treat and they could touch the dam. Touch was scored as ‘no’ if the dam was in reach but showed signs of fear, 
or avoidance. Dams’ immediate behavioral responses were scored as either red, yellow, or green, as originally 
outlined by Bauer et al.42. A red response indicated fearful behavior (e.g., calming signals, avoidance, freezing, 
aggression), a yellow response indicated ambivalence (e.g., approaching and avoiding the experimenter), and a 
green response indicated affiliative or neutral behavior (e.g., approaching the experimenter with relaxed body 
language, eating, drinking).

Puppy Stranger Approach Test
While puppies were still in the isolation pen, immediately after the isolation test, they underwent a three-step 
stranger test that has been previously described by Romaniuk et al.4 and Boone et al.29. All tests were recorded 
with a tripod and a portable camcorder (Handycam HDR-CX405, SONY, Tokyo, Japan). The stranger approach 
test consisted of three steps as follows: Approach (step one)— the unfamiliar experimenter crouched down in 
front of the pen with a sideways orientation and averted gaze, scored the immediate behavioral response of 
the puppy, then tossed a treat (small pieces of Canine Carry Outs or Pup-Peroni, Big Heart Pet, Inc., Walnut 
Creek, CA, USA) to the puppy through the bars of the pen and recorded whether they ate it or not; Open (step 
two)— the unfamiliar experimenter, with the same body position, orientation, and gaze, opened the door to 
the pen, scored the immediate behavioral response of the puppy, then extended one hand toward the puppy to 
offer them a treat and recorded whether or not they ate it; Reach (step three)—with the same orientation and 
gaze, the experimenter simultaneously extended one hand toward the puppy to offer them a treat, and the other 
to attempt to touch the puppy, then recorded whether or not the puppy ate the treat and they could touch the 
puppy. Touch was scored as ‘no’ if the puppy was in reach but showed signs of fear or avoidance. As puppies 
may have had limited visual acuity and mobility, but fully developed auditory startle responses at both time 
points52,53, they were often prompted with soft kissing noises and tapping on the pen to ensure they were aware 
of the experimenter’s presence. They were also scored as eating the treat if they attempted to do so but did not 
completely ingest it.

Puppies’ behavioral responses to the test were scored from video by one coder (AR) using a spreadsheet 
(Microsoft Excel) and the ethogram detailed in Table 2. For each step, each puppy was given a score for the 
orientation, response, and posture categories, and, if applicable, they were also given scores for modifier and 
additional categories.

Dam physical health assessment
The visual physical health assessments for dams were completed after behavioral testing. The assessment 
was originally outlined by Bauer et al.42 and Stella et al.39 and had a high agreement with hands-on physical 
health exams in CBKs39. The assessment was scored as follows: body condition score (BCS) on a sale of 1–5 
(1 = emaciated, 2 = thin, 3 = moderate, 4 = stout, 5 = obese), body cleanliness as indicated by percentage of the 

Behavior Description Frequency Duration

Dams 
(D), 
Puppies 
(P)*

Locomotion Walking or running without exploring the environment or playing45 X D, P

Stationary The dog is not moving while in a particular posture (e.g., sitting, standing or lying) though ear, eye, tail posture or facial 
expression may change X D, P

Frozen The dog remains tense and completely motionless while in any posture X D, P

Exploration Activity directed toward physical aspects of the environment that could include sniffing, or examination such as licking or 
pawing45–48 X D, P

Circling The dog moves repetitively in a loop, in the same direction, back to their original starting point42 X D

Pacing The dog walks back and forth in a repeated pattern16,42,45 X D

Play Behavior
“Non-reciprocal motor patterns (e.g., pawing, play bow) directed toward an inanimate object without engaging or orienting 
toward another conspecific. May also include locomotor behaviors (e.g., inhibited running, voluntary downs) not necessarily 
directed toward inanimate objects, conspecifics, or people.”49

X D, P

Body Shake The dog rapidly moves its whole body back and forth X D, P

Grooming The dog makes oral or physical contact with any part of their own body (e.g., licking, scratching) X D, P

Lip Licking The dog’s tongue extends upwards to cover their nose, and then quickly retracts back into their mouth16,50 X D, P

Body 
Trembling The dog’s entire body shivers for a minimum of 3 s45 X D, P

Paw Lift The dog’s fore paw is lifted into a position of approximately 45° 16,45 X D, P

Elimination Urination and/or defecation X D, P

Escape 
Attempt

All active behaviors resulting vigorous contact with the pen fence, including scratching the fence with the paws, jumping on 
the fence, pulling on the fence with the forelegs or the mouth (including chewing, biting, shaking) 16 X D, P

Vocalization† Any sound emitted from the dog’s mouth, such as barking, growling, howling or whining X D

Table 1.  Ethogram used to score behaviors during the dam and puppy isolation tests4. *Behavior measured 
in dams (D), puppies (P), or both dams and puppies (D, P). †Behavior could not be recorded in puppies 
because, due to space constraints, in most cases the test occurred near other kennels, which made it difficult to 
determine if vocalizations were emitted from puppies or other dogs.
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body covered in debris (0%, ≤ 25%, 26–50%, 51–75%, ≥ 76%), tear staining (none, mild, moderate, severe), 
and presence or absence of nasal and/or ocular discharge, sneezing, coughing, wounds, sores or lesions, missing 
fur or poor coat, and lameness.

Puppy physical health assessment
The visual health assessments for puppies were conducted immediately after the stranger approach test, as 
outlined by Romaniuk et al.4: body condition score (BCS) on a scale of 1–3 (1 = thin, 2 = normal, 3 = obese), 
cleanliness indicated by the percentage of the puppies’ bodies covered in debris (0%, ≤ 25%, 26–50%, 51–75%, 
≥ 76%), severity of tear staining (none, mild, moderate, severe), and presence or absence of nasal and/or ocular 
discharge, diarrhea, symptoms of upper respiratory infection (URI), sneezing, coughing, poor coat condition, 
wounds, and/or pyoderma (skin infection).

Litter health metrics and puppy weights
At whelping, breeders noted litter sizes, the number of puppies born alive, and the number of males and females 
in each litter. Furthermore, individual puppies’ birth and weekly weights were collected by breeders or caretakers 
until they were transported to a distributor at approximately 8 weeks old.

HCC
Hair collection occurred at every time point (i.e., shave re-shave technique), and additionally at 1 week 
prepartum. Thus, the 4 W Post sample was representative of the time from just before whelping to 4 weeks 
postpartum. Further, Romaniuk et al.38 found that dams’ HCCs in CBKs at 6 and 1 week prepartum were not 
significantly different, which suggests that long-term baseline HPA activation in dams may be similar to that 
occurring throughout gestation. Although Romaniuk et al.’s38 sample was a subset of subjects from the current 
study, we performed additional analyses to determine if the similarity in HCCs between 6 and 1 week prepartum 
held in the current study. Means and standard deviations were calculated and showed that, on average, dams’ 
HCCs at 6 and 1 week prepartum were almost identical (6 W Pre: n = 82, mean = 20.42 pg/mg, s.d.=12.08; 1 W: 
n = 64, mean = 20.44 pg/mg, s.d.= 10.38). Therefore, dams’ HCCs at 1 week prepartum were not further evaluated 
in the current study.

To ensure low-stress handling, hair collection occurred in the same location in which dams commonly 
underwent medical and/or grooming procedures (e.g., in their pen, a separate room of the kennel). Throughout 
collection, dams were presented with baby food (Turkey, Ham, or Chicken and Gravy; Gerber, Nestle, Florham 
Park, NJ, USA) on a disposable plate, spatula, or tongue depressor. A familiar caretaker placed the dam on a non-
slip surface (one was provided by experimenters if it was not available in the kennel), and their lower lumbar area 
(base of tail) was shaved using electric clippers (Arco Pet Cordless Clipper, Wahl Professional, Sterling, IL, USA) 
to collect approximately 50 mg of hair. Hair samples were placed in small manila envelopes sealed with tape and 
stored in a cool, dry area. To avoid contamination of samples, clippers were cleaned with compressed air and 
alcohol wipes between collection from different dams.

Hair samples were shipped for analyses in four batches. Cortisol levels in hair samples were determined by 
enzyme immunoassay (EIA) (Salimetrics, Carlsbad, CA, USA) in the Endocrine Technologies Core (ETSC) 

Category Response Definition

Orientation
Orientation The puppy acknowledges the experimenter (i.e., makes eye contact/ is oriented toward) within 7 s.

No Orientation The puppy does not acknowledge the experimenter’s presence within 7 s (or the duration of the step).

Response

Approach The puppy moves toward the experimenter (i.e., takes steps toward them, or leans toward them if they cannot step any closer).

Ambivalent 
approach The puppy approaches and retreats or approaches but then stops before reaching the experimenter.42

No approach The puppy does not approach (i.e., does not move toward the experimenter).42

Modifier

Affiliative 
behavior

Any behaviors exhibited by the puppy intended to facilitate the establishment or reinforcement of a social bond. Examples include approaching 
the experimenter while maintaining eye contact and/or making physical contact (e.g., licking, touch) with the experimenter.
Gregarious: The puppy jumps up or ‘scrambles’ at the front of cage and/or attempts to cross/ crosses the front barrier of cage and/or exhibits 
repeated physical contact with the experimenter (e.g., repeatedly licking, jumping on hands, etc.) and/or approaches the experimenter while 
exhibiting intense tail wagging.

Undisturbed The puppy engages in an active behavior (e.g., sniffing, eating, etc.) when the step begins, then acknowledges the experimenter’s presence and 
returns to the same behavior.42

Avoid The puppy avoids the experimenter (i.e., moves away from them, turns their head in the opposite direction).42

Stationary The dog is not moving while in a particular posture (e.g., sitting, standing or lying) though ear, eye, tail posture or facial expression may change.

Posture
Neutral The puppy’s ears, tail and body are held in positions that are normal for their breed and age under conditions where they are not experiencing 

states of either positive or negative arousal.

Low “Back rounded and/or legs bent…, head lowered.”54

Additional

Fight/ 
Aggression The puppy exhibits behaviors that are injurious to or indicative of intent to inflict harm on another (e.g., lunging, growling, teeth baring, etc.).

Bark Negative affect: short duration, low frequency vocalization associated with avoidance, aggression, frustration, etc.
Positive affect: short duration, low frequency vocalization associated with play, greeting, excitement, etc.

Stereotypic 
behavior The puppy performs a pattern of behavior repeatedly and with no variation in its expression (e.g., pacing, circling, etc.).42

Table 2.  Ethogram used to score puppies’ responses to the stranger approach test4,29.
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at the Oregon National Primate Research Center (ONPRC) using a modification of an existing protocol55. 
This protocol was identical to that described by Stella et al.39 and Romaniuk et al.38. Hair samples were washed 
with isopropanol, drained through P8 filter paper (Thermo Fisher Scientific, Waltham, MA, USA) and dried. 
Approximately 50 mg of each washed and dried hair sample was weighed into a reinforced microtube, and five 
4 mm steel beads were added for grinding. Samples were then ground (2 × 5 min) using a Spex SamplePrep 5100 
grinder (Spex, Metuchen, NJ, USA). One ml of methanol was added to ground hair samples and cortisol was 
extracted overnight with gentle shaking. Samples were then centrifuged to collect hair and supernatants were 
transferred to fresh tubes and evaporated to dryness. Samples were reconstituted in 0.3 mL of PBS and cortisol 
levels determined by EIA. Recovery was determined at the same time as sample analysis and used to adjust final 
sample cortisol values. Inter-assay variation was 9.4%. Intra-assay variations for batches one to four were 3.0%, 
8.4%, 5.4%, and 4.4%, respectively.

FGM and Fecal sIgA
Spontaneously voided fecal samples were collected the night before or the morning of each testing day using 
plastic baggies provided to the breeder before each visit. If breeders were unable to collect feces, experimenters 
did so upon their arrival. Breeders typically isolated dams in an indoor or outdoor pen to obtain feces at the 
6 W Pre and 8 W Post time points if they were group-housed. Short periods of isolation, variation in collection 
times, and diurnal changes in cortisol concentrations would likely not have influenced results as fecal metrics 
capture changes over a longer timeframe36. Due to the number of puppies enrolled in the study and the labor-
intensive nature of metric collection, feces could not be collected from every individual puppy. Instead, feces 
were collected from each litter (i.e., any feces voided in the pen containing the litter), and additionally, at 8 W 
Post, one focal puppy per litter that was randomly selected (random number generator). Feces from focal puppies 
were identified using blue food dye (Royal Blue Icing Color, Wilton, Woodridge, IL, USA) provided to the 
breeders at the 4 W Post visit. A pea-sized amount mixed with baby food (Turkey, Ham, or Chicken and Gravy; 
Gerber, Nestle, Florham Park, NJ, USA), was instructed to be given to them 10–12 h before the experimenters’ 
visit. If there was only one puppy in a litter at 8 W Post, their fecal sample was considered a focal puppy sample. 
Feces were stored in plastic baggies labelled with their respective identifications in Styrofoam coolers with ice 
packs while travelling to and from breeders, and, if available in accommodations on longer data collection trips, 
a refrigerator (approximately 1–3  °C). This ranged from approximately 4–84  h. Following travel, feces were 
stored in a freezer (-20 °C) until they were shipped to the laboratory for FGM and sIgA analyses.

The below methods to determine FGM and fecal sIgA concentrations were identical to those outlined in two 
previous studies involving the same population4,38.

FGM and Fecal sIgA Sample Processing  Fecal samples were shipped on dry ice to Omaha’s Henry Doorly 
Zoo and Aquarium Endocrinology Lab in four batches. Samples were thawed and processed separately for cor-
tisol and sIgA. Processing for cortisol involved drying > 1 g of feces in a 60 °C oven for 48–72 h, to account for 
variation in fecal water content. Dried samples were pulverized into a fine powder and 0.5 g was extracted by 
mechanically shaking overnight in 5 mL of 80% v: v methanol. Samples were centrifuged at 3000× g for 15 min 
and the supernatant stored at − 20 °C until analysis. Processing for sIgA involved weighing 0.5 g of wet feces, 
adding 1.5 mL of PBS (524650, EMD Millipore, Burlington, MA, USA) containing protease inhibitor (cOmplete 
mini [1 tablet/10 mL PBS], Roche, Basel, Switzerland), vortexing for 30 s, and incubating for 60 min at room 
temperature (RT), prior to a double centrifugation step (3000× g 15 min). The supernatant was collected and 
frozen until sIgA analysis within 1 month.

Cortisol enzyme Immunoassay  Fecal cortisol concentrations were quantified by enzyme immunoassay (EIA) 
using an anti-cortisol antiserum (R4866) and cortisol-horseradish perioxidase (HRP) ligand (C. Munro, Uni-
versity of California, Davis, CA, USA). The polyclonal antiserum raised in rabbits was directed against corti-
sol-3-carboxymethyloxime (CMO), linked to bovine serum albumin and was shown to cross react with cortisol 
(100%), prednisolone (9.9%), prednisone (6.3%), cortisone (5%) and < 1% with androstenedione, androsterone, 
corticosterone, desoxycorticosterone, 11-desoxycortisol, 21-desoxycortisone and testosterone56. The EIA was 
performed according to the methods established by Munro & Lasley56. Absorbance was measured at 405 nm 
(SpectraMax ABS, Molecular Devices, San Jose, CA, USA) and data extrapolated via 4-parameter curve fit using 
Softmax Pro 7.1 (Molecular Devices, San Jose, CA, USA). Results of each sample were expressed as ng of cortisol 
per gram of dry mass feces (dmf).

Inter-assay coefficients of variation for the cortisol assay were 3.9% and 5.4% for internal controls at 54% 
(20 pg/well) and 33% (70 pg/well) binding, respectively, for the first batch, 5.5% and 7.7% for internal controls 
at 53% (25 pg/well) and 32% (75 pg/well), respectively; for the second batch, 3.42% and 4.48% for internal 
controls at 62.24% (20 pg/well) and 34.47% (70 pg/well) binding, respectively, for the third batch. An inter-assay 
coefficient of variation was not calculated for the fourth batch as there was only one assay.

sIgA enzyme-linked Immunosorbant Assay  Fecal sIgA concentrations were quantified by a commercial en-
zyme-linked immunosorbant assay (ELISA) (E40-104-26, E101, Bethyl Laboratories, Montgomery, TX, USA) 
as follows: 96-well plates were coated for 1 h at RT with a 1:100 dilution of affinity purified goat anti-canine IgA 
antibody in 100 uL of coating buffer (0.05 M Carbonate-Bicarbonate, pH 9.6). Following coating, plates were 
washed five times (50 mM Tris, 0.14 M NaCL, 0.05% Tween 20, pH 8.0) before adding 200 uL/well of blocking 
solution (50 mM Tris, 0.14 M NaCL, 1% BSA, pH 8.0) and storing overnight at 4°C. The next day, plates were 
washed five times before adding 100 uL/well of duplicate standards (15.6–1000 ng/mL) or samples and incubat-
ing 1 h at RT on a light-protected plate shaker (600 rpm). Plates were then washed an additional five times prior 
to adding 100 uL/well of a 1:75,000 dilution of goat anti-canine IgA: HRP in ELISA buffer (50 mM Tris, 0.14 M 
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NaCL, 1% BSA, 0.05% Tween 20) and incubating for 1 h at RT on a light-protected plate shaker (600 rpm). 
A final wash step was performed before adding 100 uL/well of 3,3’,5,5’-tetramethylbenzidine (TMB) substrate 
solution and incubating the plate for 15 min at RT on a light-protected plate shaker (600 rpm). The reaction 
was stopped with 100 uL/well of 0.18 M H2S04 and absorbance was measured at 450 nm (SpectraMax ABS, 
Molecular Devices, San Jose, CA, USA) with data extrapolated via 4-parameter curve fit using Soft-Max Pro 7.1 
(Molecular Devices, San Jose, CA, USA). Results for each sample were expressed as mg of sIgA per gram (wet 
weight) of feces.

Statistical analyses
Statistical analyses were performed using R version 4.1.3 (R Core Team, Vienna, Austria) and RStudio version 
2022.02.3 (RStudio Team, Boston, MA, USA) with ∝ = 0.05.

Inter-rater reliability (IRR)
IRR was calculated for scores on the dam and puppy stranger approach and isolation tests. For all tests, scoring 
of nominal categorical variables (i.e., yes, or no) were analyzed using Cohen’s or Light’s Kappa (depending 
on the number of coders) implemented by the irr package57, and interpreted in accordance with McHugh’s58 
guidelines: 0-0.20 = None, 0.21–0.39 = Minimal, 0.40–0.59 = Weak, 0.60–0.79 = Moderate, 0.80–0.90 = Strong, 
> 0.90 = Almost Perfect. Scoring of continuous numerical or ordinal variables were analyzed using intraclass 
correlations (ICC) implemented by the DescTools package59, and Koo and Li’s60 guidelines were utilized 
to interpret the data: ≤0.5 = Poor, 0.5-≤0.75 = Moderate, 0.75-≤0.90 = Good, ≥ 0.90 = Excellent. Additional 
information on how IRR was conducted and analyzed is available in the Supplementary Material (Sect. 2).

Descriptive statistics
Means, medians, standard deviations, and ranges were calculated for dams’ and puppies’ responses to behavioral 
testing and the physiological metrics collected at each time point.

Relationships between Dam and Puppy Metrics
Scores from the dam stranger approach test were converted to points as follows: Red = 0, Yellow = 1, Green = 2, 
Treat = 1, No treat = 0, Touch = 1. Points were summed to create an overall numerical score for each dam at each 
time point (maximum of 10 points). Scores from the puppy stranger approach test were converted to points as 
follows: Orientation (Yes = 1, No = 0), Approach (Approach = 2, Ambivalent Approach = 1, No Approach = 0), 
Modifier (Affiliative-Gregarious = 2, Affiliative = 1, Undisturbed = 0, Stationary = 0, Avoid= -1), Posture 
(Neutral = 1, Low = 0), Treat (Yes = 1, No = 0), Touch (Yes = 1, No = 0). Points were summed to create an overall 
numerical score for each puppy at each time point (maximum of 22 points). Further, body shake, elimination, lip 
lick, and paw lift frequencies were summed to create a “StressSum” score, as these behaviors have been previously 
validated as measures of acute stress in dogs45,61,62. Additionally, if HCC for a hair sample was below the limit 
of detectability (LOD), the formula LOD/2 was utilized to obtain a result (n = 5), as the data were skewed63,64. 
Finally, sex ratio was represented by the proportion of males in each litter and was calculated by dividing the 
number of males by the total litter size, and average weekly weight gains were calculated for each individual 
puppy using the weekly weights collected by breeders.

Associations between dams’ and puppies’ responses to stranger approach (at equivalent time points, and 6 W 
Pre for dams and 4 W Post and 8 W Post for puppies), behaviors during the isolation tests, dams’ HCCs and FGM 
concentrations at 6 W Pre and individual puppies’ birth weights and average weekly weight gains were explored 
using linear mixed-effects models and Wald’s tests. These were implemented by the nlme65 and car66 packages, 
respectively. Dam metrics were entered as fixed effects, and puppy metrics as dependent variables. Litter ID was 
entered as a random effect to prevent pseudo-replication. In all models, restricted maximum likelihood (REML) 
was employed.

The relationships between dams’ and puppies’ physiological metrics, and dams’ 6 W Pre FGM and HCCs and 
litter sizes were identified using linear regression models (lm function). Generalized linear regression models 
with binomial distributions and logit link functions were used to examine relationships between dams’ 6 W Pre 
FGMs and HCCs and sex ratios. For analyses involving litter size and sex ratio, all puppies born to each dam 
were included, regardless of whether they were excluded from other analyses due to cross-fostering, death, etc. 
(as described below). Dam metrics acted as fixed effects and focal puppy, or litter metrics as dependent variables.

Normality and heteroscedasticity of all models were checked using QQ plots, histograms, and plotting 
residuals against fitted values. Right-skewed data were log or square root transformed where appropriate. If this 
did not increase normality when implementing simple linear regression models, a generalized linear regression 
model with a gaussian distribution and log link function was performed. If the normality assumption was met 
but homoscedasticity was not achieved when using simple linear regression models, the sandwich67,68 and 
lmtest69 packages were implemented to calculate robust standard errors.

Results
When tested at the 6 W Pre time point, dams were 42 days ± a mean of 5 days prepartum (range = 57 to 28 days 
prepartum). Further, when tested at the 4 W Post time point, dams and puppies were 28 days ± a mean of three 
days (range = 28–37 days) postpartum/ old. Finally, when tested at the 8 W Post time point, dams and puppies 
were 56 days ± a mean of 2 days (range = 54–64 days) postpartum/ old.

IRR
Overall, observers reached an agreement of ≥ 0.80 (i.e., dam isolation test (two observers): mean ICC3k = 0.95; 
puppy isolation test (two observers): mean ICC3k = 0.90; dam stranger approach test (three observers): mean 
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ICC3k = 0.88; puppy stranger approach test (two observers): mean Cohen’s Kappa = 0.83) on all test scores. 
Results for IRR analyses are listed in the Supplementary Material (Sect. 3, Tables S2-S5).

Descriptive statistics
Means, medians, standard deviations, and ranges for dams’ and puppies’ responses to behavioral testing and the 
physiological metrics collected at each time point are detailed in Tables S6 and S7 (Supplementary Sect. 4). Due 
to low exhibition (i.e., lower than an average of four seconds) by dams and/or puppies, body trembling, play, 
grooming, escape attempt, frozen, circling, and pacing durations were excluded from the final analyses of the 
isolation tests. Vocalization frequencies were not further explored as they could not be measured in puppies (see 
Table 1).

In addition, data from the visual physical health assessments were removed from the final analyses due to 
lack of substantial variation in scores (Supplementary Sect. 4, Tables S8 and S9).

Relationships between Dam and Puppy Metrics
Isolation test
There were significant positive associations between dams’ exploration and stationary durations, and puppies’ 
durations of the same behaviors (exploration: X2

(1) = 9.472, p = 0.002; stationary: X2
(1) = 5.226, p = 0.022) 

(Supplementary Table S10). In contrast, there were no significant associations between dams’ and puppies’ 
locomotion durations ( X2

(1) = 0.543, p = 0.461), or dams’ and puppies’ StressSums ( X2
(1) = 0.365, p = 0.546) 

during the isolation tests (Supplementary Table S10).

Stranger Approach Test
There were no significant associations between dams’ stranger approach scores at 6 W Pre and puppies’ stranger 
approach scores at 4 W Post ( X2

(1) = 0.040, p = 0.842) or 8 W Post ( X2
(1) = 0.090, p = 0.764), or between dams’ 

stranger approach scores at 4 W Post and 8 W Post and puppies’ stranger approach scores at equivalent time 
points (4 W Post: X2

(1) = 0.058, p = 0.810; 8 W Post: X2
(1) = 0.804, p = 0.370) (Supplementary Table S10).

8 W Post Puppy FGM
There was a significant association between dams’ and focal puppies’ FGM concentrations at 8 W Post (estimate: 
0.0003, SE = 0.0001, p = 0.002) but there was no association between dam and litter (p > 0.05) FGM concentrations 
at 8 W Post (Supplementary Table S11). A significant association was found between dams’ HCCs at 6 W Pre and 
focal puppies’ FGM concentrations at 8 W Post (estimate: -0.021, SE = 0.007, p = 0.007) (Supplementary Table 
S11). There were no other significant associations (Supplementary Table S11).

4 W Post Puppy FGM
There was a significant association between dams’ HCCs and litter FGM concentrations at 4 W Post (estimate: 
0.052, SE = 0.025, p = 0.053). There were no significant association between dams’ FGM concentrations and litter 
FGM concentrations at 4 W Post (p > 0.05) (Supplementary Table S11). As the models exploring the associations 
between dams’ FGM concentrations and HCCs at 6 W Pre, and litter FGM concentrations at 4 W Post were not 
normal, generalized linear regression models were utilized. No significant associations were found (p > 0.05) 
(Supplementary Table S12).

8 W Post Puppy sIgA
There were no significant associations between dams’ sIgA concentrations at 8 W Post or 6 W Pre and focal 
puppies’ or litter sIgA concentrations at 8 W Post (p > 0.05) (Supplementary Table S11).

4 W Post Puppy sIgA
Generalized linear regression models were utilized to explore the effect of dams’ sIgA concentrations at 4 W Post 
and 6 W Pre on litter sIgA concentrations at 4 W Post, as normality could not be achieved in the original models. 
No significant relationships were detected (p > 0.05) (Supplementary Table S12).

Puppy weight and litter health metrics
There were significant negative associations between dams’ HCCs at 6 W Pre, and puppies’ birth weights ( X
2

(1) = 3.908, p = 0.048) and average weekly weight gains ( X2
(1) = 4.081, p = 0.043) (Supplementary Table S13). 

There were no significant associations between dams’ FGM concentrations at 6 W Pre and puppies’ birth weights 
( X2

(1) = 0.347, p = 0.556) or average weekly weight gains ( X2
(1) = 0.111, p = 0.739) (Supplementary Table S10). 

Further, there were no significant associations between dams’ FGM or HCCs at 6 W Pre and litter sizes or sex 
ratios (p > 0.05) (Supplementary Tables S11 and S13).

Discussion
The current study suggests that in US CBKs, fear and stress in dams may affect some indicators of puppy 
welfare early in life, as evidenced by significant associations between the metrics that were obtained for both 
groups. Previous findings that reduced durations of exploration and stationary behaviors were associated with 
transportation stress in puppies from CBKs4 align with the idea that reductions in exploratory behavior may be 
indicative of fearfulness70.

The similarities between dams’ and their puppies’ responses to the isolation test may have been found for 
a variety of reasons. First, it is plausible that some associations between exploration and stationary durations 
in dams and their puppies found in the current study were due to genetic effects of breed, as dams and their 
puppies were of the same breeds. Multiple studies have indicated that certain breeds have a higher propensity to 
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show fearfulness than others71. Further, puppies’ responses to stressors are partially heritable from their dams1, 
and their similar genetic makeup (beyond those related to breed-specific traits) may have contributed to their 
behavioral responses. Future studies should examine the effects of breed further with fewer and more balanced 
breed groups than were available in the current study. However, within-breed differences in behavioral responses 
exist71 and should be considered as well, as the associations between exploration and stationary durations in 
dams and their puppies found in the current study could also relate to individual variation in response to testing. 
Another explanation for the associations observed may have been the influence of maternal care and epigenetic 
mechanisms. For example, more fearful and neophobic dams are more likely to exhibit poorer maternal care12,22, 
which has been associated with increased behavioral signs of fear in offspring (i.e., longer latencies to eat, and 
shorter duration of exploration in novel test environments)11. Future studies should explore to what extent 
specific genetic and environmental factors might affect puppies’ behavioral responses to stressors under different 
circumstances and test settings. This may be accomplished by exploring the variation in puppies’ behavioral 
responses within and between litters and examining the differences between them. The lack of significant 
associations between dams’ and puppies’ locomotion durations and frequencies of behaviors indicative of stress 
may be partly due to limited mobility in puppies because of their age53. It should be noted that some puppies 
in the current study may not have been mobile enough at the time of testing to express some of the behaviors 
indicative of fear and stress that we measured. This may have constrained identification of some associations. 
Future studies should identify how associations between dam and puppy behavioral responses might change as 
a function of puppy maturation.

Given the positive association between dams’ and puppies’ responses to isolation, it was surprising that 
there were no significant associations between their responses to stranger approach. However, there are several 
possible reasons for this finding. First, the tests occurred in different contexts. For example, dams were tested in 
their home pens while puppies were tested in the isolation pen immediately after the isolation test. Therefore, 
the response of the puppy to the stranger approach test might have been confounded by a potential stress-
buffering effect associated with puppies seeking out the person for comfort. Similar suggestions have been made 
by Romaniuk et al.4 and Boone et al.29. Investigators made the decision to test dams in their home pens to reduce 
their exposure to stressors throughout the study’s duration, as they were tested at multiple points throughout 
the peri-parturient period. Additionally, as has been suggested for the isolation test, the stage of physical 
development of puppies may have influenced their responses to stranger approach (i.e., ability to approach, 
demonstrate certain postures or avoid interacting)53, whereas this was not an issue with their dams. Further, 
many US commercial breeders provide their puppies with some degree of socialization, as indicated here 
and in a previous study72 in addition to taking advantage of canine behavior and welfare education programs 
and increasing their knowledge in these areas73,74. It is therefore plausible that some are implementing the 
information in their kennels, resulting in socialization practices that might have given puppies more or different 
experiences with unfamiliar people during early development than their dams at similar ages. If so, this might 
have diminished the strength of negative maternal effects on some puppies’ responses to stranger approach 
(i.e., lessened fear that might have otherwise more closely resembled that of their dams). Dams without early, 
positive exposure to unfamiliar people would likely have shown more fear in response to stranger approach as 
experiences (or lack thereof) during dogs’ fear and socialization periods in early life can permanently affect 
their behavioral responses throughout adulthood52,75. Thus, the lack of association between dams’ and puppies’ 
responses to stranger approach might be partially due to different early life experiences76.

The lack of association between dams’ FGM concentrations at 6 W Pre and focal puppies’ or litter FGM 
concentrations at 8 W Post suggests that more acute measures of cortisol during gestation, as captured by FGM, 
may not influence puppies’ FGM concentrations at this age. However, it is well-known that excess glucocorticoid 
exposure during fetal development (which could not necessarily be captured by FGM concentrations, as they 
are only representative of approximately 24 h of HPA activity) may influence HPA activity77,78. Therefore, in 
addition to the association between dams’ FGM concentrations at 6 W Pre and puppies’ FGM concentrations 
at 8 W Post, the association between dams’ HCCs at 6 W Pre and puppies’ FGM concentrations at 8 W Post 
was explored. The statistically significant negative association found between these two variables suggests that 
dams with higher baseline long-term HPA activation and presumably, long-term HPA activation occurring from 
early pregnancy until 1 week before gestation (see Sect. 3.3.8.) may have had puppies with lower basal cortisol 
concentrations at 8 weeks old. However, as we are uncertain about what events occurred 24 h prior to collection 
of feces, it is also plausible that puppies’ FGM concentrations may have captured responses to an acute stressor.

A possible mechanism behind the negative association we observed is fetal glucocorticoid programming, 
in which prenatal stress and/or excess glucocorticoid concentrations during gestation may alter offspring basal 
glucocorticoid concentrations and glucocorticoids in response to stressors79. Dams’ average HCCs at 6 W Pre 
were 20.42 pg/mg ±  12.08 and ranged from 5.85 to 64.55 pg/mg (Supplementary Table S7), which is much 
higher than the average HCC of approximately 6 pg/mg found at pregnancy diagnosis in 15 Doberman Pinscher 
dogs from a breeding facility80. It is plausible that some dams in the current study had higher HCCs than 
average. However, as there are few studies that have explored HCC throughout this period, future studies should 
investigate HCCs in various populations and breeds to understand how they might influence values before 
results from previous studies are utilized as reference ranges.

Changes in offspring glucocorticoid production may occur via alterations in the expression of offspring 
glucocorticoid and mineralocorticoid receptors and may serve as an adaptive mechanism to increase an animal’s 
survival in response to stressors after birth79. Previous literature suggests that the relationship between prenatal 
exposure to glucocorticoids and offspring neuroendocrine outcomes is complex, and may depend on factors 
such as age, sex, and the stage and context in which a gestational stressor may have occurred78. Based on these 
factors, increased prenatal exposure to glucocorticoids may be associated with increased or decreased basal HPA 
activity or responsiveness to stressors in offspring77. Future studies should further explore how the factors listed 
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above may affect the relationship between dams’ cortisol concentrations during gestation, puppies’ basal cortisol 
concentrations, and how they change in response to an acute stressor. Further, the association between dams’ 
longer-term cortisol concentrations during gestation and puppies’ longer-term cortisol concentrations after 
birth should be explored in future studies. Doing so may provide further insight into the complex relationship 
between dams’ and their puppies’ physiological stress responses. Moving forward, as hair could not be collected 
from puppies as a metric of longer-term HPA axis activation, other collection methods indicative of the same 
period that are feasible for both dams and puppies should be explored. Claw clippings may prove useful, as they 
can be collected non-invasively and cortisol concentrations have previously been extracted from them in adult 
dogs and young puppies81–83.

The current study also discovered a statistically significant positive association between dams’ and focal 
puppies’ FGM concentrations at 8  W Post. This suggests that shorter-term, basal concentrations of cortisol 
in dams and their puppies at equivalent time points are similar, even in the absence of lactation and being 
housed together. These findings are similar to those in human babies and their mothers. To illustrate, one study 
found that if mothers were breastfeeding at 3 months postpartum, their salivary cortisol concentrations at 12 
months postpartum were significantly positively correlated with their baby’s, even though most mothers had 
ceased breastfeeding84. As has been suggested for our findings that dams’ and puppies’ responses to isolation 
were similar, it is plausible that this association may have been mediated by maternal care and epigenetic 
mechanisms10,12,22, or maternal genetics1,61. Future studies should examine whether these similarities reflect 
analogous physiological responses to particular events occurring in the kennel, such as weaning or introduction 
to new environments, as it is plausible that FGM concentrations may have captured HPA activity in response to 
an acute stressor such as these.

The statistically significant positive association between dams’ HCCs and litter FGM concentrations at 4 W 
Post may be related to relationships between nursing, other maternal behaviors, and basal cortisol concentrations 
in dams15,18, as well as glucocorticoids being passed via milk from dams to puppies85. This is supported by a 
previous study noting the association between more maternal care and increased basal concentrations of cortisol 
in puppies at postnatal week five18. Exploring these associations further may have important implications, as 
increased basal cortisol concentrations at postnatal week 5 have been associated with increased dominance and 
decreased fear and impulse control during training tasks in puppies at 1 year old18. As methods to quantify 
cortisol in canine milk exist85, future studies should incorporate milk samples from the dam as an additional 
metric. Doing so will provide researchers with insight into the proportion of puppies’ cortisol concentrations 
that are directly related to cortisol concentrations in dams’ milk vs. other factors such as possible HPA axis 
activation.

The finding of no significant associations between dams’ sIgA concentrations at 6 W Pre and 8 W Post, and 
puppies’ at 8 W Post is not surprising as both puppies and dams undergo major changes in immune function 
during these times. For example, dam immune function is thought to be suppressed throughout gestation86,87 
and upregulated after weaning88. On the contrary, puppies rely on maternal antibodies until approximately 
6–16 weeks old, which is dependent on the concentrations of immunoglobulins ingested from colostrum after 
birth89,90. After this point, puppies’ concentrations of major classes of immunoglobulins (i.e., IgG, IgA, IgM) 
mature until they reach adult-like levels at approximately 1 year of age89. The current study suggests that at the 
time points collected, the way in which these changes occurred in puppies may not have been dependent on 
concentrations in dams, and vice versa.

The most parsimonious explanation for the absence of a significant association between dams’ and litter 
sIgA concentrations at 4 W Post was the small number of samples. Coprophagia by the dam, which is a normal 
maternal behavior at this time point91, frequently occurred after puppies defecated, making it difficult for 
experimenters to obtain feces. Further, if only small quantities of feces could be collected (which was frequently 
the case), FGM analyses were prioritized over sIgA. If a larger number of samples had been collected, we would 
have expected to see a significant association between dams’ and puppies’ concentrations at 4 W Post, as IgA is 
found in canine milk92.

The finding of no significant associations between dams’ FGM concentrations at 6  W Pre and puppies’ 
weights suggests that, as previously discussed, this metric may be capturing more acute changes in dam stress 
that may not have a significant impact on puppies’ physical development. In contrast, the statistically significant 
negative associations between dams’ HCCs at 6 W Pre and puppies’ birth weights and average weekly weight 
gains suggests that higher long-term HPA activation during gestation may be associated with puppies’ physical 
development. Findings analogous to this have been observed in rats and rhesus monkeys93,94. Similar to the 
relationship between dams’ cortisol concentrations during gestation and puppies’ cortisol concentrations at 8 W 
Post, a potential mechanism behind these results may be fetal glucocorticoid programming. This occurs when 
maternal cortisol passes to the fetuses during gestation, which then affects the offsprings’ birth weights due to its 
catabolic actions95. However, it is important to note that factors other than dams’ long-term HPA activity during 
gestation may have impacted puppies’ litter health metrics. For example, characteristics of maternal diet during 
gestation and lactation may have affected the amount of milk puppies ingested, and subsequently their weights96. 
Further, the amount of colostrum ingested by the puppies from their dam may have been related to puppy weight 
gain97. Additionally, as a previous study found that dogs with higher growth rates early in life had higher social 
and physical engagement scores98, future studies should investigate how birth weights and average weekly weight 
gains during this time might affect puppies’ long-term welfare.

A limitation of the current study was its observational nature, which makes it impossible to determine 
causality for the statistically significant associations identified. Further, as previously discussed, we were unable 
to identify what events occurred in the kennel 24 h prior to fecal collection. Thus, it was difficult to disentangle 
whether FGM concentrations reflected basal cortisol concentrations or cortisol concentrations in response to 
an acute stressor. Additionally, most fecal samples in the current study were split into two equal parts before 
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analyses of physiological metrics for current study. This procedure may have affected final concentrations, as 
concentrations of cortisol and sIgA are not evenly distributed throughout fecal masses in some species99–101. 
Furthermore, as previously discussed, cortisol concentrations in dams’ milk were not collected, which limited 
our ability to disentangle the mechanisms behind the positive association found between dams’ HCCs and 
puppies’ FGM concentrations at 4  W Post. Finally, as the current study was conducted in a subset of CBKs 
that volunteered their participation, there may have been an aspect of volunteer bias that somewhat reduces 
generalizability of the findings to the entire CBK population.

These limitations notwithstanding, the current study has relevant implications for breeding bitch selection, 
monitoring, and management in CBKs, as the findings suggest that dam fear and stress may influence some 
aspects of puppies’ responses to stressors. For example, breeders may choose to forego breeding dams who 
consistently display high levels of fear and stress in response to various stimuli that are typically present in 
the kennel environment. Doing so may not only support the welfare of dams throughout the peri-parturient 
period but ensure that any deleterious effects of maternal fear and stress on puppy welfare are not facilitated. 
Furthermore, this study provides new knowledge about associations between certain fear and stress-related 
metrics. These include relationships between behaviors elicited in response to mild stressors, such as encountering 
unfamiliar people or temporary isolation, and physical and physiological indicators of welfare state, such as 
cortisol concentrations, immune system activation, and physical development, in dams and puppies from CBKs. 
This information may be useful in that breeders and pet families who select these dogs can potentially ensure 
that they can successfully respond to challenges, such as ground transportation, when necessary, and other novel 
or potentially fear-inducing stimuli. This may support the dogs’ welfare both while housed in CBKs and when 
they are placed in their future homes. Future studies should identify specific factors that may negatively affect 
dam welfare throughout the peri-parturient period, especially during gestation, and develop interventions to 
mitigate them wherever feasible.

Conclusion
The current study provided evidence that fear and stress in dams may affect some metrics indicative of welfare 
in their puppies, such as responses to isolation, FGM, birth weights, and average weekly weight gains. The 
associations found between the responses of dams and their puppies may have been due to factors such as 
genetics, maternal care, environment, and early social learning, all of which require further exploration. 
Collectively, the current study’s findings have the potential to inform strategies to assess and improve the welfare 
of dams and puppies from CBKs and may have implications for their welfare when placed in homes.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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