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PAPER

Comparison of nonlinear growth models and factors affecting body weight
at different ages in Toy Poodles

Laura Menchettia, Barbara Padalinob , Fabienne Brasileiro Fernandesc and Leonardo Nanni Costab

aDipartimento di Medicina Veterinaria, University of Perugia, Perugia, Italy; bDipartimento di Scienze e Tecnologie Agro-alimentari,
University of Bologna, Bologna, Italy; cAllevamento della Fioravanta, Medicina (Bologna), Italy

ABSTRACT
Limited information is available to evaluate optimal growth in Toy Poodles. This work aimed at
comparing three growth curves, proposing centile charts and developing a model to estimate
the adult body weight (BW) in Toy Poodles. A total of 65 puppies (male ¼ 30, female ¼ 35)
born in the same breeding centre were used. BW at birth and, weekly BW, for 53weeks, BW of
parents, litter size, type of management, daily activity and neutering were recorded. Forty-six
puppies were sold, and their data were reported by the new owners. Three growth curves (i.e.
Hawthorne, Brody and Gompertz) were constructed and compared; Linear Mixed Models includ-
ing demographic characteristics and management habits were built. The BW at birth was
154±35g and adult BW was 3208±860g. Based on the goodness-of-fit and accuracy indices,
Gompertz was the best growth model and was selected to plot centile curves based on sex.
Toy Poodles achieved 50% of their adult weight at 11–12weeks, with an overall growth rate of
11.8%. Adult BW was affected by birth BW (p< .01), sex (p< .05) and mother’s BW (p< .01) and
their effects varied depending on the age. Extrinsic factors, including litter size, type of manage-
ment and daily activity were less significant, probably due to the standardised and high-level
management of these Toy Poodles. These new and applicable tools for monitoring the growth
and predicting adult BW could be useful for veterinarians, breeders and owners for early diagno-
sis of poor health and welfare.
Subject classification codes: companion animals sections

HIGHLIGHTS

� Performance of three logistic models for describing the growth curve in Italian Toy Poodles
were compared

� Based on the goodness of fit and accuracy indices, Gompertz was the best growth model
� The centile growth curves were constructed for males and females using the Gompertz
� Adult body weight (BW) was mainly affected by the sex and birth BW, and less by BW of the
parents and litter size

� Monitoring BW of puppies may be useful to enhance their health and welfare
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Introduction

Growth is a complex process affected by genetics,
nutrition, physical activity and other environmental
factors (Posada et al. 2014). Growing dogs go through
three critical periods: lactation, weaning and post-
weaning (Salt et al. 2017). The grow rate during the
lactation period is strongly affected by litter size, body
weight (BW) at birth, and colostrum assumption and
quality (Mila et al. 2015), with puppies’ birth weight
correlated positively with the placenta weight (Tesi
et al. 2020). Weaning is a well-known critical period
and in Italy, puppies are usually weaned between the

3rd and the 8th week and they must not be sold
before 60 days of life (Conferenza Unificata Stato-
Regioni e Stato-Citta’, 2013). Whist breeders take care
of the first two periods, owners are responsible for
post-weaning growth, which is considered the most
critical phase for the correct development of the
muscle-skeletal system (Case et al. 2011). The fastest
growth occurs during the first 3months of life and
small dog breeds reach adult weight between 6 and
12months (Hawthorne et al. 2004; Case et al. 2011).
Postnatal physical development leads to intense
changes in the weight and size of puppies and this
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process takes place before and after their purchase.
The knowledge of changes in the growth rate of pure
small dog breeds is therefore of particular interest for
both breeders and future owners (German 2006).
Responsible pet ownership includes access to appro-
priate food and water and provision for exercise and
mental stimulation to protect puppies’ growth, health
and welfare (Menchetti et al. 2019; American
Veterinary Medical Association 2020). Consequently,
for both breeders and owners, it is important to have
reference values for the postnatal growth to predict
the adult BW and to monitor the growth percentiles
to recognise possible deviations from growth curve
due to illness or dietary errors (Ardelean and Suteu
2005). Obesity is indeed the biggest welfare issue in
western dogs (Gossellin et al. 2007; Case et al. 2011;
American Veterinary Medical Association 2020).

Despite the topicality of the theme, little informa-
tion is available on growth curves, optimal growth
and centile curves of dog breeds (Hawthorne et al.
2004; Ardelean and Suteu 2005; Posada et al. 2014;
Salt et al. 2017). Growth curves are a useful tool to
not only describe the changes in BW over time but
also to predict the expected weight at specific ages,
to evaluate responses to feeding regimes or to select
dogs for reproduction (Fitzhugh 1976). Several equa-
tions have been proposed to fit the growth curve in
animal science, such as logistic, Gompertz, Brody and
Richards models (Fitzhugh 1976; France et al. 1996).
These nonlinear models, in addition to the BW of the
individual (or group) at each age, provide biologically
important parameters which can be easily interpreted:
growth rate and estimated adult BW. However, each
organism follows a specific growth pattern which
requires a specific equation. The choice of an appro-
priate model and the evaluation of its goodness of fit
to the actual data is the prerequisite for its practical
application (Fitzhugh 1976).

In the last decade, the breeds of companion and toy
dogs reared in Italy showed a relevant commercial suc-
cess. Among the different breeds included in this group,
the Poodle (FCI-Standard No.172) showed an increase of
65% of the number of puppies registered in the herd
book, raised from 1226 to 3271 between 2010 and
2018 (Ente Nazionale Cinofilia Italiana 2020). Poodle dog
breed includes four different sizes, ‘Standard’, ‘Medium’,
‘Miniature’ and ‘Toy’ which are different in height at the
withers and BW. The ‘Toy Poodle’, in compliance with
the F�ed�eration Cynologique Internationale (FCI) (FCI
2015), has to show a withers height between 24 cm
(with a tolerance of 1 cm) and 28 cm (sought after ideal:
25 cm). It has also to maintain, in its ensemble, the

aspect of a Miniature Poodle with the same general pro-
portions complying with all the points of the standard
of the breed. With regards to the BW, ‘Standard’,
‘Medium’, ‘Miniature’ and ‘Toy’ should be about 26–27,
10–12, 5–10 and less than 5.0 kg, respectively (Stafford
2006). The puppies of the Toy size represent about 15%
of the total puppies of Poodle breed registered in the
Italian herdbook in 2018 (Ente Nazionale Cinofilia
Italiana 2020).

To the best of the authors’ knowledge, a study on
the growth of Toy Poodles has never been carried out.
To fill this gap, this study aimed at developing two
easy and applicable tools for Toy Poodle breeders,
owners and veterinarians: weight-for-age charts and
predictive models. Therefore, the first goal was to
select an appropriate non-linear equation to provide a
specific shape of the growth curve from birth to 1 year
of age in Toy poodles and built centile growing charts
for male and female puppies. Then, hypothesising that
adult BW would be positively associated with intrinsic
(i.e. sex and parents BW) and extrinsic (i.e. physical
activity and management) factors, the second goal
was to construct a linear model to predict the adult
BW in Toy Poodles using some simple characteristics,
namely BW at birth, gender, mother’s and father’s BW,
litter size, neutering, daily activity and management
(professional/owner) using a population of puppies
born in the same breeding centre.

Material and methods

Ethical statement

Experimental procedures, involving dogs subjected to
conventional farm rearing condition, complied with the
European code of practice for the care and use of ani-
mals for scientific purposes (Directive 2010/63/EU).
Before the experiment began, the procedure was
explained to the breeder and the owners and informed
written consent were obtained. Since no tissues or any
other samples were collected, there was no need for
approval by the Italian Health Ministry in agreement
with the EU legislation Directive 2010/63/EU.

Animals and experimental protocol

The trial was conducted at an Italian breeding centre
(La Fioravanta, Bologna, Italy). A total of 65 puppies
(30 males and 35 females) of Toy Poodle breed born
from January to August 2019 were included in the
study. During the study, the dogs were treated and
regularly checked by a veterinarian; they were healthy,
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with an ideal body condition score (3) (Stafford 2006)
and in a good welfare state.

The parents of the tested puppies were registered
in the herd book as Toy after being evaluated during
official competitions in agreement with the standard
compliance of the Toy Poodle breed. Twenty-three
bitches (BW ¼ 3604± 943), from 1.2 to 7 years old and
ranging from 1 to 6 as parity, and nine male dogs (BW
¼ 3822 ± 774 g) were used as breeders.

Ten days before the expected data of delivery the
bitches started to be fed with a commercial feed (Mini
puppy) with Crude Protein 31.0%, Fat 20.0%, Ash
7.7%, Fibre 1.4%. At birth, the BW of each puppy was
obtained using an electric scale (Kerbl mod. 29923,
Germany). Puppies with a very little size or not able to
suck enough milk from their mothers were temporarily
moved to other nursing bitches, if available, or were
artificially fed with a milk replacement (Crude protein
24.0%, Fat 24.0%, Ash 7.0%, Crude fiber 0%). Body
weight was recorded every week, the same day of the
birth, at the same time (early morning) and before
feeding. Each litter, including bitch and puppies, were
housed in a box of 16m2; during the milking the
bitches were fed with the same commercial feed (Mini
puppy) used in the later pregnancy. Around the
second week, another commercial feed (Ministarter;
Crude Protein 30.0%, Fat 22.0%, Ash 7.5%, fiber 1.3%)
previously grounded and mixed with water was also
available for the puppies. This feed was provided for
1–2weeks until the puppies were able to eat the com-
mercial feed (Mini puppy) provided to the bitches.
Puppies were separated from the mother around the
9th week. They were dewormed with 0.45mg
Emodepside/kg BW and 9mg di Toltrazuril/kg BW
(Procox Bayer, Germany) at the 5th, 8th and 10th
week and vaccinated for canine parvovirus (CPV)
(Canigen Puppy, Virbac, Italy) and canine distemper
virus (CDV), canine adenovirus (CAV-1 and CAV-2)
(Versican Plus DHPPi, Zoetis Belgium) at the 6th, 9 th
and 10 th week administered by the veterinarian of
the breeding centre. After weaning, the diet was kept
and based totally on the same commercial feed for 1
year (Mini puppy) covering the nutritional require-
ments estimated by NRC (2006). Out of the 65 pup-
pies, 46 (21 females and 25 males) were sold after the
10th week of age (range ¼ 11–46weeks; median ¼
22weeks) while 19 (14 females and 5 males) remained
at the breeding centre until the end of the study. The
unsold puppies stayed at the breeding centre and
were fed with the same commercial feed (Mini puppy).
After weaning, they were housed in a box with a
dimension of 16m2. In each box, there were 4–6 dogs

of different litters/breeds, to meet the needs of loco-
motory and social behaviours. For statistical purposes,
two groups were created: puppies remained in the
breeding centre (professional management group) and
dogs sold to private owners before reaching 99% of
their adult BW (T99 calculated according to the best
growth curve; owner management group). The new
owners were contacted by email to be informed and
to consent to be part of the study. The email
explained the aims of the study, and how to record
the weekly BW (weekly, early morning, before feeding)
until the 53rd week of age (maximum follow-up time).
Owners used electric scales of different brands with
the same accuracy (1 g). The owners sent weekly an
email with the BW of their dogs; in a successive email,
they also reported whether there were any changes in
the type of feeding, the daily activity (i.e. the type of
exercise; the number of walks per day (d) or free exer-
cise in the outdoor garden) and whether the dog had
been spayed or castrated. Afterwards, daily activity
was categorised into three levels: 1–2 walks/day, >2
walks/day and free exercise in the outdoor garden or
box. All new owners continued to manage the pup-
pies following the breeder’s advise.

Statistical analysis

Descriptive statistics were used to present dog popu-
lation reporting means ± SD or numbers and percen-
tages. Diagnostic graphics and Levene tests were used
to check assumptions. Moreover, distributions within
categorical variables (sex, daily activity and manage-
ment) were evaluated using Chi-Square Goodness of
Fit Tests (each assuming all categories equal). The dif-
ferences in neutering and management habits were
compared by Chi-square test.

Growth curves
First, data set was stratified by sex and, for each time
point, the outliers were eliminated according to the
Horn’s algorithm using Tukey’s interquartile fences
and box-and-whisker plots (Friedrichs et al. 2012).
Moreover, the puppies whose BW did not reach at
least the 40th week (lost to follow-up) were excluded.

Then, three functions were applied to the data
(Table 1). In addition to a global model, separate
curves were also built for sex.

The outliers of all models were identified and elimi-
nated using the method proposed by Motulsky and
Brown (2006). The goodness of fit was assessed using
the higher R2 (coefficient of determination), the lower
RMSE (root mean square error) and AICc (corrected
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Akaike’s Information Criteria) values. The difference
between AICc values for two models was indicated as
DAICc. Moreover, the bias (mean difference between
predicted and actual values) with 95% limits of agree-
ment were evaluated (LoA; Bland and Altman 1999),
and the mean absolute error (MAE) and mean abso-
lute percentage error (MAPE) were calculated as below
(Li 2017; Waiz et al. 2019):

MAE ¼
Xn

i

yi � ŷ ij j
n

MAPE ¼ 1
n

Xn

i

yi � ŷ ij j
yi

Finally, z-scores were computed and, using the best
fit model, growth centile curves were built showing
centiles 3, 5, 10, 25, 50, 75, 90, 95 and 97%.

Multivariable model predicting BW
The following model to predict adult BW was built using
Linear Mixed Models (LMMs) and Restricted Maximum
Likelihood (REML) for estimating the parameters:

Adult BWi ¼ b0 þ b1Gi þ b2bBWi þ b3mBWi

þ b4fBWi þ b5Lsi þ b6Dai þ b7Mþ Ai

þ ei

where b0 is the intercept, G is the fixed effect of gender
(intact or castrated male, intact or spayed female), bBW
is the fixed effect of birth body weight, mBW is the
fixed effect of mother’s body weight, fBW is the fixed
effect of father’s body weight, Ls is the fixed effect of
litter size, Da is the fixed effect of daily activity (1–2
walks/day, 3–6 walks/day, garden or box), M is the fixed
effect of management (professional or owner), Ai is the
random animal effect and e is the error. Mother and
father were considered repeated factors.

To evaluate the factors affecting BW until 3months
of age, a simplified model was built including sex
(male or female), birth BW, mother’s and father’s BW
and litter size:

BWi ¼ b0 þ b1Gi þ b2bBWi þ b3mBWi þ b4fBWi

þ b5Lsi þ Ai þ ei

Diagnostic graphics were used to check assump-
tions. Sidak adjustment was used for carrying out mul-
tiple comparisons. Results were presented as
estimated marginal means, b parameters, and stand-
ard errors (SE). The goodness of fit and the accuracy
of the predictive model were evaluated by AICc, MAE
and MAPE (Li 2017; Waiz et al. 2019).

All statistical analyses were performed with SPSS
Statistics version 25 (IBM, SPSS Inc., Chicago, IL) and
GraphPad Prism, version 7.0 (GraphPad Software, San
Diego, CA). The level of statistical significance was set
at <0.05.

Results

Dog population

Table 2 shows descriptive statistics for demographic
data and management habits. There was no statistical
difference in the proportion of males (n¼ 30) and
females (n¼ 35, p¼ .535) of the population studied.
The mean litter size was three puppies (SD ¼ 1; range
1–5 puppies). The birth BW ranged from 82 to 252 g
without significant differences between males and
females (p¼ .510). Moreover, there was no difference
in neutering rate between sexes (p¼ .320). Most of
the dogs (62.9%) were freely exercised in a garden or
a large box (p value of Chi-Square Goodness of Fit
Tests <0.001). Nine dogs (6 males and 3 females)
were not included in the adult BW analysis as weekly
BW did not reach the 40th week.

Growth curves

Figure 1 shows the pattern of each model from birth
to 53weeks of age: sigmoid for Hawthorne and

Table 2. Demographic data and management of the Toy
Poodle dogs (n¼ 65) according to sex. Descriptive statistics:
means ± SD or numbers and percentages.

Parameter

Sex

Total
Male

(n¼ 30)
Female
(n¼ 35)

Birth body weight (g) 146 ± 25 161 ± 41 154 ± 35
Neutering No 23 (76.7%) 31 (88.6%) 54 (83.1%)

Yes 7 (23.3%) 4 (11.4%) 11 (16.9%)
Adult body weight (g)a 3304 ± 864 3110 ± 927 3193 ± 898
Litter size (n) — — 3 ± 1
Daily activity 1–2 walking/day 7 (24.1%) 3 (9.1%) 10 (16.1%)

>2 walking/day 6 (20.7%) 7 (21.2%) 13 (21.0%)
Garden/box 16 (55.2%) 23 (69.7%) 39 (62.9%)

aThe adult weight of 9 dogs (6 males and 3 females) was not included
because they were lost to follow-up.

Table 1. Nonlinear functions applied to describe the growth
curves in Toy Poodle puppies.
Model Function

Hawthornea y ¼ A/f1þ exp[�(x � x0)/d]g
Gompertzb y ¼ A exp[�B exp(�kx)]
Brodyc y ¼ A [1 � B exp(�kx)]

y ¼ body weight reached to age x: A ¼ adult body weight (g); x0 ¼
time needed for reaching 50% of adult weight (weeks); B ¼ proportion
of the asymptotic mature weight to be gained after birth; k ¼ mature
growth rate (calculated as (1/d) by the Hawthorne model).
aLogistic equation used by Hawthorne et al. (2004).
bGompertz (1825) as modified by Rogers et al. (1987).
cBrody (1945).
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Gompertz and exponential for Brody function. The
tested growth curves explained more than 67% of the
variance (Table 3) but the comparison between mod-
els showed that the best fits were obtained by stratify-
ing the curves according to the sex for all models,
namely for Hawthorne (DAICc ¼ 25.77), Gompertz
(DAICc ¼ 24.1) and Boyle (DAICc¼ 17.9).

Estimated adult BW ranged from 3150± 25 g
(Hawthorne) to 3560± 54 g (Brody) (Table 3).
Hawthorne and Gompertz equations estimated higher
adult weights in males than females, while Brody pre-
dicted a higher value for females. Males reached 50%
of their BW at 10.9–11.2weeks. The females took a
week longer than males to reach 50% of their BW,
and their growth rate was lower. During the exponen-
tial phase, their BW increased 19.1 and 13.0% per
week according to Hawthorne and Gompertz, respect-
ively. Regardless of sex, Toy Poodles achieved 50% of
the adult weight at 11.6–12.2weeks. The growth rates
obtained by the Brody equation was about half of

those calculated with the other models and showed
the greatest coefficients of variability. The estimated
time to reach 30 and 50% of the adult weight was
similar in all models. Based on Hawthorne and
Gompertz models, dogs reached 99% of their adult
weight between 35 and 51weeks. This parameter cal-
culated by the Brody model provided implausible val-
ues (71–87weeks).

The AICc approach suggested that the Gompertz
was much more likely to be better than both
Hawthorne (94.8% probability for males (DAICc¼ 5.8)
and 99.9% probability for females (DAICc¼ 19.4)) and
Brody models (>99.9% probability for males (DAICc¼
34.4) and 98.5% probability for females (DAICc¼ 8.4)).
According to R2 values of global curve, models fall
in the order Gompertz>Hawthorne> Brody while
RMSE values were in the following order:
Brody>Hawthorne>Gompertz.

Figure 2 shows that the Brody equation produced
wide differences with respect to the actual values regis-
tered at birth (243g) and 53weeks of age (�363g). The
trend of differences between observed and predicted
values (mean error ¼ �18.0 g, LoA¼ �239.5–203.5 g;
MAE¼ 91.4 g; MAPE¼ 3.8%) was fluctuating and age-
dependent. Similarly, Hawthorne showed large differen-
ces at birth (�209.8 g) although lower differences
between observed and predicted values were observed
later (mean error ¼ 9.7 g, LoA¼ �175.9 to 195.3 g;
MAE¼ 62.9 g; MAPE¼ 2.7%). Hawthorne model underes-
timated the adult weight of 70g. The Gompertz model
showed the lowest differences, both at birth (�66g)
and at 53weeks of age (�28g), and both in terms of
mean error (3.4 g, LoA¼ �124.7-131.5 g), MAE (42.0 g),
and MAPE (1.9%). A considerable underestimation of
the observed weight between weeks 44 and 46 was
present using all the equations.

Based on the goodness of fit and accuracy indices,
Gompertz was the best predictive model and,

Figure 1. Changes in body weights (g) as a function of age
(weeks) obtained with the observed curve and the three dif-
ferent growth models for Toy Poodle dogs.

Table 3. Growth characteristics and goodness of fit of growth curves calculated on 65 Toy Poodle dogs (30 males and
35 females).

Model Category
Aa

(g) k (%) CV for k (%)
T30

(weeks)
T50

(weeks)
T99

(weeks)

Goodness-of-fit

R2 AICc RMSE

Hawthorneb Global 3150 ± 25 17.5 3.3 6.9 11.6 38.0 0.673 36692 672.67
Male 3166 ± 33 19.1 4.7 6.8 11.2 35.2 0.696 16398 651.1
Female 3102 ± 34 16.3 4.5 6.9 12.2 40.1 0.700 19994 658.1

Gompertz Global 3242 ± 30 11.8 3.5 6.9 11.5 47.4 0.676 36667 669.7
Male 3243 ± 40 13.0 4.9 6.7 10.9 43.6 0.697 16392 649.7
Female 3222 ± 44 10.9 4.8 7.0 12.0 50.8 0.672 20042 659.9

Brody Global 3560 ± 54 5.9 4.3 6.5 12.2 78.7 0.671 36707 674.5
Male 3515 ± 68 6.5 5.7 6.1 11.2 71.4 0.689 16427 658.5
Female 3625 ± 87 5.3 6.3 7.0 13.3 87.0 0.664 20212 677.1

aBest fit value ± SE; bk calculated as 1/b.
A¼ estimated adult body weight (grams); AIC¼Akaike’s Information Criteria; k ¼ mature growth rate (%); CV¼ coefficient of variation; T30, T50, and T99
¼ time taken to reach 30, 50 and 99% of adult body weight, respectively; R2 ¼ coefficient of determination; RMSE¼ root mean square error).
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therefore, it was used to build the centile growth
curves for males and females (Figures 3 and 4).

Factors affecting BW from birth to
3months (12weeks)
The birth BW was influenced only by the mother’s
weight (b¼ 0.017, SE b¼ 0.007; p¼ .004). Thereafter,
birth BW was a significant factor for BW at all ages
(Tables 4 and 5). Table 4 shows the factors affecting
the weight of puppies during the first 4 weeks of life,
at the 9th (weaning) and 12th week. Differences in
BW between males and females were significant at 1
(p< .05) and 3weeks of age (p< .01) as well as after
weaning (p< .05; Table 4 and 1SM). Up to 3weeks,

albeit discontinuously, a negative association was
found between BW and litter size (p< .05). However,
the effect of the litter size was not significant after the
4th week of age. At the beginning of weaning (weeks
3–4), the puppy’s weight negatively associated with
the father’s weight (p< .01). Afterwards, only the
effects of sex (p< .05), birth weight (p< .01) and the
mother’s weight (p< .01) were found.

Multivariable model predicting adult BW
The differences found in 3-month-old puppies
remained significant until adulthood. Indeed, the adult
BW of dogs was affected by their birth weight
(p< .01) and by the mother’s BW (p< .01) while the

Figure 2. Differences between mean observed and predicted values for the body weight (BW) of Toy Poodle dogs at different
ages obtained by three different models.

Figure 3. Growth chart percentiles for males Toy
Poodle puppies.

Figure 4. Growth chart percentiles for females Toy
Poodle puppies.
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BW of father and litter size were not significant (Table
5). Intact males (3496± 196 g) had higher adult weight
than intact females (2966± 161 g; p< .05) but they
showed no difference compared to neutered animals
(3194 ± 354 g and 2743± 539 g for neutered males and
females, respectively). Twenty-four dogs were not sold
before reaching 99% of their adult weight (T99
obtained by the Gompertz equation: 35.2 and
40.0weeks for male and female, respectively) and,
therefore, included in the professional management
group. Their estimated adult weight (3087 ± 257 g) was
lower in comparison to the estimated BW of the
owner management group (3112± 172 g) but the
p-value associated with its b coefficient was statistic-
ally not significant. Daily activity was also not
significant. The MAE for the full model was 499 g
(range ¼ 32–1405 g), corresponding to 15.7% of
observed mean BW.

A reduced model only including sex, birth weight
and mother’s BW was built but its AICc indicated a
worse fit than the full model (DAICc ¼ 95.2).

Discussion

This study compared three different growth curves
and proposed easy and applicable tools to monitor
the growth and predict adult BW of Toy Poodles. One
curve was constructed using the equation proposed
by Hawthorne et al. (2004) which has been used to
describe BW changes in puppies of different breeds.
The other two curves were constructed using the
equations of Gompertz (1825) and Brody (1945) which
have been widely used to describe the growth not
only of several animal species, but also of tumours,Ta
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Table 5. Fixed-effect estimates and significance for model of
the predictors of adult body weight (b coefficient, standard
error of b and significance of b).
Parameter b Standard error b Sig.

Intercept 475.535 668.087 0.481
Gender
Spayed female �752.504 558.552 0.185
Intact female �529.915 223.241 0.022
Castrated male �302.426 385.717 0.437
Intact male Reference

Daily activity
1–2 walking/day 41.409 277.146 0.882
>2 walking/day �98.256 285.177 0.732
Garden available Reference

Birth body weight 10.405 3.108 0.002
Mother’s body weight 0.548 0.150 0.001
Father’s body weight �0.101 0.206 0.628
Litter size �71.809 98.445 0.470
Management
Professional �25.421 236.702 0.915
Owner Reference

p values in bold denote statistical significance at the 0.05 level.
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bacteria and other biological phenomena (Engida
Sado 2015; Tjørve and Tjørve 2017; Do and Miar
2019). The Gomertz model seemed to have the best
fit for the growth patterns of Toy Poodles, and it
should be recommended to monitor their growth and
predict their adult BW.

Different results have been obtained in other spe-
cies. In sheep, for example, some authors (Topal et al.
2004; Malhado et al. 2009) found the best fit by using
Gompertz while others (Gbangboche et al. 2008;
Hojjati and Hossein-Zadeh 2018) by Brody model. For
the goats, Garc�ıa-Mu~niz et al. (2019) did not highlight
differences in the performance of these two models
while Waiz et al. (2019) selected Brody. Forni et al.
(2009) reported a lower AIC by Gompertz model, but
they concluded that Brody function represented the
best way to describe the cattle growth based on
standard deviance of fitting errors. Finally, Atil et al.
(2007) selected the logistic model for chickens while
Sabbioni et al. (2009) confirmed the applicability of
the Gompertz model also to describe the growth
of pigs.

Growth patterns in pets are less studied than in
livestock species. Most of the previous studies on
dogs (Hawthorne et al. 2004; Trangerud et al. 2007;
Posada et al. 2014; Salt et al. 2017) evaluated the var-
iations in growth patterns of different breeds but they
did not compare the fitting of different equations.
Among these, of particular interest is the study of Salt
et al. (2017) who, using a semi-parametric regression
type model, also assessed the effect of neutering
status and proposed size-specific rather than breed-
specific curves. However, Hawthorne et al. (2004) and
Posada et al. (2014) evaluated other toy breeds, using
small sample sizes, and only using a logistic model.
V�azquez et al. (2012) collected data of several animal
species, including dogs and cats, and estimated the
performance of five nonlinear equations to model
growth. The latter authors found the best fit for dogs
using a modified Hill curve but got a high R2 by the
Gompertz model (V�azquez et al. 2012). However, the
breed of the dogs used to build the before mentioned
model was not specified. Our results are consequently
novel and fill a gap of knowledge in the pet literature.

The highest adult BW values for Toy Poodles were
obtained by the Brody model, the lowest by the
Hawthorne model. All three models recognised that
the puppies achieved 50% of their adult weight at
�11weeks. This age is in agreement with Hawthorne
et al. (2004) while it is lower than the age reported by
Posada et al. (2014) for toy breeds. The time required
to reach 99% of the adult weight calculated by

Gompertz and Hawthorne models varied from 35 to
51weeks, depending on sex. These findings are in line
with previous reports (Hawthorne et al. 2004; Posada
et al. 2014) while, in general, large dog breeds reach
T99 later (Posada et al. 2014). The novelty of this study
was the determination of the time required to reach
30% of adult BW, which was about 7weeks of age.

The evaluation of the goodness of fit indicated that
sex-specific curves were preferable to the global one
for all the models tested. This result confirms the sex-
ual dimorphism of Toy Poodles, which has to be
clearly visible as requested by the breed standard (FCI
2015). As suggested by Salt et al. (2017), separate
models for neutering status would also be needed.
However, in the present study, the low number of
sterilised animals (11 out of 65) and the short-time
monitoring (1 year of age) limited the analysis.

Gompertz and Hawthorne models calculated
growth rates fluctuating between 11% and 19%, simi-
lar to other toy breeds (Hawthorne et al. 2004; Posada
et al. 2014). All Gompertz, Brody and Hawthorne mod-
els confirmed an earlier maturation in males than
females. However, unlike the other models, the adult
weight estimated by the Brody equation was greater
in females than in males and the values showed
higher variability. Brody also showed the lowest esti-
mated k values and the highest adult weights. Indeed,
this model overestimated the adult BW by 11% com-
pared to the observed mean, while the differences
between observed and estimated values were less
than 1% by Gompertz and around 2% by Hawthorne
model, respectively. As a result, the Brody model pro-
vided an implausible value for the time necessary to
reach 99% of the adult weight (78weeks) suggesting
its inapplicability.

The Gompertz was the best model also based on
Akaike’s Information Criteria, coefficient of determin-
ation, and RMSE although the differences compared to
Hawthorne in these values indicating the goodness of
fit seem negligible. However, accuracy indices (i.e. the
MAE) and diagnostic graphs (i.e. the residual plot) con-
firmed that the Gompertz model exhibited the best
performance showing the lowest differences between
observed and predicted values. Conversely, all the
indices confirmed that the Brody model had the worst
performance. Moreover, the age-dependent relation-
ships between observed and predicted values also
suggested a non-normal distribution of errors in Brody
model. This could determine a bias in statistical infer-
ences although robust fitting methods were used in
the present study (Motulsky and Brown 2006;
GraphPad 2014).
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In regards to the goodness of fit, it should be also
noted that the coefficients of determination reported in
most previous works are > 0.9 (Hawthorne et al. 2004;
Trangerud et al. 2007; V�azquez et al. 2012; Posada et al.
2014), higher than those obtained in this study. The dif-
ferent sample size and the different approach can
explain this inconsistency. Anyway, it is also important
to note that R2 is not an appropriate measure in the
field of nonlinear fitting (Spiess and Neumeyer 2010).

Surprisingly, the mean observed values increased
abruptly, deviating from the expected curve during
the weeks 44–46. Afterwards, the gaps between
expected and predicted values decreased, indicating
that the BW changes were again consistent with the
asymptotic phase of the curve. This variation may be
due to the difference in growth patterns between
males and females during those weeks, with males
reaching the adult weight earlier than females.
However, biases in the model fit may be also linked to
the discontinuation of data collected from some own-
ers which happened during that period. Another pos-
sible reason for this unpredicted increase in mean BW
during the asymptotic phase could be due to the hid-
den effects of management or physiological changes.
The previous weeks are, in fact, compatible with the
time of sale or neutering of some dogs. Overall, even
if our results relating to the growth curves are prelim-
inary and need to be ascertained using a larger data-
set over a longer period and separating the models
for diverse combinations of demographic factors, we
may conclude that (i) a sigmoidal curve describes bet-
ter than an exponential one the growth of Toy
Poodles and (ii) the Gompertz model is the most
appropriate.

The second goal of the study was to propose sim-
ple and applicable tools for breeders and owners. One
tool is useful to predict adult weight taking into
account both extrinsic and intrinsic factors, and the
other tools, the centile charts, are essential for moni-
toring the growth of the puppies based on their sex.
Body weight was strongly affected by the sex and BW
at birth, and in a minor extent by the parents’ BW and
litter size. Their effects varied depending on the week
of age (phase of growth), as was expected. Knowing
the factors affecting the growth in the first 3months
of life is useful, considering that this is the period of
maximal growth (Ardelean and Suteu, 2005). The same
authors reported that management, including feeding
of the bitches and the puppies before and after wean-
ing, is crucial. The puppies in our study were managed
in compliance with the guide of responsible dog
breeding (AKC 2020). The genetics of both sire and

dam were well known and mating planned to avoid
genetic disease, low BW puppies were fed using fos-
tering or artificial milk feeding, feeding during preg-
nancy and lactation was accurate, and weaning was
gradual. This could explain the limited effects on the
BW that BW at birth and litter size showed. The high
standard of the breeder management which were con-
tinued by the new owners may also be the reason for
the fact we failed to find a significant effect of daily
activity and type of management on the adult BW.
Consequently, our results highlight the importance of
following the animal welfare standards and guidelines
for dogs to ensure optimal growth, and good health
and welfare (Department for Environment, Food and
Rural Affairs 2017; Department of Primary Industries,
Parks, Water and Environment 2020). However, it is
worth noting that even if our predictive model was
accurate and the study was conducted in a breeding
centre where the management was appropriate, our
results highlight that there was still a great individual-
ity in the growth patterns of the examined Toy
Poodles, confirming the current literature (Ardelean
and Suteu 2005, Salt et al. 2017).

Considering this individuality, monitoring growth
becomes a crucial practice of responsible ownership,
and the centile curves are essential (Salt et al. 2017).
The centiles, also used by the WHO Multicentre
Growth Reference Study Group (2006), are easier to
understand and more practical to use than z-scores
(Wang and Chen 2012). Indeed, the centile curves are
a useful tool not only for professionals working in
genetic improvement or veterinarians monitoring the
growth but also for the owner who want to optimise
their dog’s management and feeding practices (Salt
et al. 2017; Do and Miar 2019). In this regard, it is cru-
cial to note that, despite the pathological consequen-
ces of obesity are widely recognised, its prevalence
has increased over the years affecting 20–40% of the
canine population. Often the owner fails to comply
with dietary and exercise recommendations, but the
owner could also be unable to identify or be reluctant
to admit the obesity of its dog (Gossellin et al. 2007;
Case et al. 2011). The best indicator for obesity is BCS
(Laflamme 2006; Ricci et al. 2007). However, the
assessment of BCS needs training and it may be chal-
lenging for owners; the owners’ underestimation of
the BCS of their dogs was indeed found to be a risk
factor for obesity (Laflamme 2006). Monitoring the
growth of the puppies using the centile curves pro-
posed and the weekly recording of their BW by
breeders and owners may, therefore, be
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recommended as useful practices to prevent poor
health and welfare in Toy Poodles.

Even if this study is the first to describe the growth
curse of Toy Poodles, our results need to be interpreted
with caution because the study was limited by several
factors. First, all examined puppies were born in the
same breeding centre and managed following the
breeder’s instruction even after being sold. This limited
the possible effects of the extrinsic factors usually affect-
ing animal growth. Consequently, our data cannot be
used as a predictive model of the breed before being
ascertained in a bigger sample of dogs coming from a
representative number of breeding centres. Secondly,
not all the dogs were sold at the same age and some
of the new owners did not weigh their dogs until the
requested follow-up; moreover, the data reported by
the new owners could have been less accurate and be
responsible for the variability found. Thirdly, the effect
of neutering could have been biased by the small sam-
ple size of the sprayed and castrated dogs and from the
different ages of the surgery. Fourthly, the age and the
parity of the bitches were not considered as a factor in
our model due to the small sample size. Finally, we did
not record the height at withers, which is one of the
parameters of the gold standard of this breed. However,
the withers height is taken by a judge during official
expositions when the dog is already an adult with the
only purpose of registering the dog in the herdbook.
This measurement may also be more difficult to monitor
for owners in comparison with the BW. Those are the
reasons why we decided to not include it as a param-
eter. BW is instead extremely applicable to monitor the
growth and the reason why we decided to focus on it.
Notwithstanding the aforementioned limitations, this is
the first study describing the growth of Toy Poodles
proposing easy tools for monitoring their BW.
Responsible ownership is one of the most important
welfare requirements nowadays, so giving tools which
allow the owners to monitor BW is crucial.

Conclusions

After comparing three different growth curves, this
study showed that a sigmoidal curve, the Gompertz
model, was the most appropriate to describe the
growth of Toy Poodles. A simple model to predict
adult BW and centile charts based on sex were also
proposed as easy tools for breeders, owners and veter-
inarians to monitor growth and management of Toy
Poodles. Further studies should be carried out includ-
ing a larger number of puppies and breeding centres
to validate our preliminary results at a breed level.
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