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Abstract

Background: Early bacterial colonization in puppies is still a poorly understood phenomenon. Although the topic is
of considerable interest, a big gap in knowledge still exists on the understanding of timing and features of neonatal
gut colonization. Thence, the purpose of this study was to evaluate the relationship between dam and litter microbial
flora, in vaginally delivered puppies, from birth to two months of age. Bacteria were identified using MALDI-TOF, an
accurate and sensitive method, and cluster analysis of data provided a new insight on the investigated topic.

Methods: Six dam-litter units of two medium size breeds were enrolled in the study. Vaginal and colostrum/milk
samples were collected from dams after delivery and 48h post-partum, while rectal samples were taken from dams
and puppies after delivery and at day 2, 30 and 60 (T2, T30 and T60, respectively) post-partum. Bacterial isolation and
identification were performed following standard techniques, then the data were analyzed using a new approach
based on bacterial genus population composition obtained using a wide MALDI-TOF screening and cluster analysis.

Results: Forty-eight bacteriological samples were collected from the dams and 145 from their 42 puppies. Colos-
trum/milk samples (n = 12) showed a bacterial growth mainly limited to few colonies. Staphylococci, Enterococci, £.
coli, Proteus spp. were most frequently isolated. All vaginal swabs (n = 12) resulted in bacteria isolation (medium to
high growth). Streptococci, Enterococdi, E. coli were the most frequently detected. E. coli, Proteus mirabilis, Enterococcus
spp., Streptococcus spp. were often obtained from dams’and puppies’rectal swabs. Clostridia, not isolated in any other
sampling site, were rarely found (n = 3) in meconium while they were more frequently isolated at later times (T2: n =
30;T30:n =17;T60: n = 27).

Analysis of the bacterial genus pattern over time showed a statistically significant reduction (P < 0.01) in the hetero-
geneity of microbial composition in all time points if compared to birth for each dam-litter unit. These results were
confirmed with cluster analysis and two-dimensional scaling.

Conclusion: This novel data analysis suggests a fundamental role of the individual dam in seeding and shaping the
microbiome of the litter. Thus, modulating the dam’s microbiota may positively impact the puppy microbiota and
benefit their health.
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Background
Few studies have been conducted to increase the under-
standing of the early bacterial colonization in puppies
*Correspondence: ada.rota@unito.it and to explain the role of the dam’s microbial flora.
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(breastfeeding vs formula feeding). In case of vaginal
delivery, the newborn gastrointestinal tract is colonized
by maternal vaginal and gut bacteria [1] while cesarean-
born babies have a gastrointestinal microbiota similar
to maternal skin and oral microbiota [2]. Breast feed-
ing or formula milk have a significant influence on early
microbial colonization. Breast milk is a source of nutri-
ents and bioactive compounds that promote the growth
and development of the immune system in babies, and
its unique microbiome has recently been described
[3-5]. Breast milk is the other most significant source
of microbes for newborn babies and infants after vagi-
nal birth [6]. The presence of an entero-mammary path-
way has been demonstrated, and translocation from the
intestine to the mammary ducts was observed for some
bacteria [7]. Other factors such as antibiotic exposure,
age, mother’s diet and genetic background [8] affect neo-
natal gut colonization and bacterial population compo-
sition [9]. At weaning, the dietary change, from breast
milk to solid food, causes a modification in the relative
abundance of the bacterial genera in the gut microbiota
of infants [10, 11].

In dogs, timing of initial bacterial colonization,
whether during fetal life or at birth, and newborn puppy
microbiota have been the object of recent investigations
[12, 13]. The presence of a microbial flora at birth [13]
and the effect of delivery mode on meconium micro-
biota [12] have been described using traditional cultural
methods. Newborn puppies have a very limited capacity
of movement, and they fully depend on maternal inter-
action. Maternal care and nursing expose them to the
dam’s microbial flora [14]. Canine neonates are also in
contact with environmental bacteria, although they live
in a restricted environment represented by the nest and
whelping box. Daily interactions with the breeder repre-
sent a further source of microorganisms.

As previously seen in humans [15], the type of diet has
a significant impact on shaping the microbial gut compo-
sition of canine neonates and canine milk plays a key role
in colonization and modulation of gut microbial popula-
tion of puppies. It is known that the dam’s milk serves to
transfer nutrients and immunoglobulins to the offspring
[16] and Lactobacillus species [17].

The canine neonatal and early pediatric fecal microbi-
ome has also been characterized through next generation
sequencing (NGS) techniques [18] and has been com-
pared with the dam’s fecal [18] and milk [19] microbiota.

The aim of this study was to assess the relationship
between dam and litter microbial flora, in vaginally deliv-
ered litters, from birth until two months of age. Consid-
ering a wide characterization of bacterial population with
MALTI-TOF analysis, we evaluated the similarity among
dams and puppies by cluster analysis. This new data
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analysis approach can help us to better understand the
role of the microbial flora of the dams in shaping their
offspring gut microbiota.

Results

Forty-two puppies were born. Stillbirths were six, all due
to prolonged parturition, while a Lagotto Romagnolo
(LR) puppy died 7 days (lower-than-average birth weight)
and another one 14 days after birth. Necropsy of stillborn
and dead puppies always excluded Canine Herpesvirus
and Brucella spp. infections. Appenzeller Cattle Dog
(ACD) puppies’ mean birth weight was 41010.05 g while
LR puppies’ mean birth weight was 24040.05 g. The
growth curves of the puppies of the two breeds agreed
with the breed and with the breeding facility experience.

Forty-eight bacteriological samples were collected from
the dams and 145 from their puppies, at the different
sampling times.

No colostrum or milk samples (n = 12) resulted ster-
ile, even if bacterial growth was frequently limited to
few colonies. Staphylococci were isolated from colos-
trum and milk (Staphylococcus pseudintermedius from
three samples and coagulase negative staphylococci from
other two). Except for three samples, Enterococci were
always isolated and in one case only Aerococcus spp. (A.
viridans) was detected. Among Gram-negative bacteria,
Escherichia coli was isolated from the 50% of the colos-
trum samples and from 17% of milk samples. Proteus spp.
(P mirabilis) was isolated from 50% of colostrum sam-
ples and from 33.3% of milk samples. From both matrices
there was a single isolation of Enterobacter spp. and of
Kilebsiella spp. (K. pneumoniae). Pseudomonas spp. and
Pshychrobacter spp. were isolated from a single colos-
trum sample.

Vaginal swabs (n = 12) always resulted in bacteria iso-
lation, generally showing medium to high growth. Three
dams harboured Streptococci (Streptococcus canis); one
of them was also the one from which S. pseudintermedius
was isolated; from another dam S. saprophyticus was iso-
lated. More samples resulted in growth of Enterococci
(E. faecalis, E. fecium). Among Gram negative bacteria,
E. coli was more frequently isolated (seven samples), fol-
lowed by Klebsiella spp. (K. pneumoniae) and Entero-
bacter spp. (E. cloacae) (two samples); Proteus spp. (P,
mirabilis) and Leclercia spp. (L. adecarboxylata), one
sample each.

The bacteria isolated from dams’ and puppies’ rectal
swabs are listed in Fig. 1, where isolation frequencies are
also reported. Escherichia coli, Proteus mirabilis, Entero-
coccus spp., Streptococcus spp. were more frequently pre-
sent, together with Clostridium perfringens, which was
not isolated in any other sampling sites.
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Fig. 1 Isolation frequency of the different bacteria from the rectal swabs of the six dams (

>

= 24) and their 42 puppies (n = 145)

Figure 2 shows the frequency of isolation of bacte-
ria grown from meconium samples collected at birth
(TO). Clostridia (Clostridium perfringes) represented
a rare finding in meconium and was indeed isolated
only from three puppies of the same litter. In con-
trast, as for the rectal swabs performed on puppies on
day 2, 30 and 60 post-partum, Clostridia growth was
observed in 30, 17 and 27 specimens, respectively.
The Gram-negative bacteria E. coli and Proteus spp.
showed a lower frequency of isolation in meconium
while Psychrobacter spp. was found in more than 30%
of the samples.

Data analyses
The codified 1/0 pattern was assigned to each sample,
according to the presence or the absence of a given bacte-
rial genus (Supplementary Fig. 1). Based on the pattern
detected by MALDI-TOF, the within-family heterogene-
ity decreased through time, showing a statistically signifi-
cant reduction in all time points if compared to birth. The
reduction was confirmed also considering rectal swabs
only, to avoid the possible bias given by different samples
matrices (Wilcoxon test results are reported in Fig. 3).
Complete-linkage cluster analysis based on the simi-
larity (Pearson’s correlation index) among bacterial

1.0
0.8 —
>
(&} —
e 06
)
S
3
o _
T 04
0.2 — D
0.0 ~ DDDDDDDﬁﬁﬁ -
. . — =
384888323 EET 28383883838 TILsTgq
QQQO_QQ(DUk~:~\00§00§30'~20m:k0§2
OQW'QWUBUQQTQWUQEUUXUCOO‘:mm‘UAo
S 89 9 3 £ 8 TR EL 88 5 8% 8%58@*51&35
$988688%83885¢8°2gs SE88§°3 8%
O R 9 = =
E\gilﬁ < 8 EO:§ s S 8838 & &} <
LG s S u S 4 A I o < Q
3 3 %] Q
* <
Fig. 2 Isolation frequency of the different bacteria from meconium (42 puppies: rectal swabs at birth)
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Fig. 3 Distribution of within-family heterogeneity trough time. Significant difference is reported (** Wilcoxon p < 0.01)

population composition patterns of rectal swabs
showed how samples collected at TO and T60 tend to
cluster in two separate groups. As depicted in Fig. 4,
T60 samples are closer and more similar compared to

TO samples (smaller height value of common nodes),
confirming previous analyses.

This aspect is also confirmed if a two-dimensional
scaling reconstruction is used, including both all the
samples (Fig. 5) and rectal swabs only (Fig. 6): 2D
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approach confirmed the decrease in microbiome diver-
sity and change in clustering pattern. More in detail,
both the area and the position of samples within the
2DS space changed at the different experiment time
points. It is clear how microbial genus composition
tends to be less heterogeneous at the end of the experi-
ment, even if all the families started from a highly
divergent scenario. Areas covered by samples collected
at the first time point are significantly wider than the
areas covered by samples at T30 and T60 (Wilcoxon
test < 0.01 in both the comparison).

Discussion

Traditionally, the establishment of neonatal gut micro-
biota is believed to start at birth, as soon as the amni-
otic membrane breaks; the newborn infant is exposed to
bacteria from the mother’s vaginal and fecal microflora
during birth and the exposure to external environmental
bacteria takes place immediately after [20]. Furthermore,

maternal breast milk promotes the colonization and
maturation of the infant gut flora of neonates [21]. Nev-
ertheless, the early colonization process shows specific
features in dogs, because the amniotic membrane is gen-
erally intact when puppies are born and the bitch tears
it with her teeth. As a consequence, the birth canal does
not seem to be the major source of the neonatal flora in
this species [14, 22] and puppies are therefore exposed
both to the microbial flora of the bitch and of the local
environment.

Recent investigations have challenged the dogma of a
sterile fetal environment and suggested the possibility of
an in-uterus seeding of the microbiota, in humans, and
dogs, among other animal species [13, 23, 24].

It is then not surprising to isolate bacteria from pup-
pies’ meconium [12, 13]. However, the extent to which
maternal flora and environmental bacteria contribute
to the puppies’ gut microbial flora has not been fully
investigated in dogs. Our results provide a novel picture
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on the bacterial rectal flora of the dam, shaping that of
the litter over time. We detected a higher similarity,
expressed as Pearson’s correlation index (see Methods
for details), in microbial flora within the single dam-
litter unit than among the different units, even if the
dams belonged to the same kennel. The second obser-
vation is the reduction over time of the diversity of the
isolated bacteria, with the composition of the distal
gut microbial flora showing a trend towards a defined
composition. All the dams and puppies included in our
study shared the same environment and the same diet,
thus the effect we see in the dam-litter units is mainly
due to the individual microbiota profile. Accordingly,
when Vilson et al. [19] studied German Shepherd dogs
using NGS techniques, they demonstrated that the
fecal microbiota of 7 weeks old puppies was more sim-
ilar to that of their mothers than of unrelated bitches
and that littermates had a more similar fecal microbiota
compared to unrelated dogs. The dam-litter similarity

could also be explained by the dam’s behavior of eating
her puppies’ stool, thus reciprocally conditioning their
microbiota profile [19].

Similar observations can be drawn from another study
that evaluated the progression of puppy fecal microbi-
ota beginning at two days of age, by means of sequenc-
ing technologies [18]. From day 2 to 21 after birth an
increased microbial diversity and richness was detected;
the highly variable bacterial profile was more stable by
day 42, although still different from that of the dam. At
56 days of age the fecal microbiota in puppies resulted
significantly different from that of their mothers;
although they clustered separately, the microbial com-
munities had a lower distance and showed more similar
species [18].

By 24 hours after birth, numbers of bacteria in the distal
portion of the newborns’ colon were comparable to those
of the dams [25]. After the initial colonization, further
changes involved only shifts in the relative proportions of
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the various populations that constitute the bacterial eco-
system of the gastrointestinal tract. Beginning from 1 day-
old newborns to 63 day-old puppies 1 week after weaning,
an increase was observed in the relative proportion of
anaerobic bacteria in the distal portion of the colon, in
which anaerobic conditions predominate [25].

From weaning to adult age changes occur in the gut
microbiota, as observed in German Shepherd dogs that
showed a fecal microbiota of significantly different com-
position between 7 weeks and 15-18 months of age [19].
A higher relative stability of the gastrointestinal micro-
biota is expected when reaching adult life.

A breed effect was observed on the fecal microbi-
ota composition in dogs [26]; however, although the
dams are evenly distributed between the two breeds in
our study, the number of animals is too low to assess
a breed difference. Besides, differently from the study
by Reddy et al. [26], we adopted culturing methods:
compared to culture-independent NGS investigations,
traditional techniques have the advantage to discrimi-
nate between living and dead microorganisms and to
identify the genus when not the species. In this regard,
MALDI-TOF MS-based bacterial identification allows
the characterization of unique mass spectra (protein
fingerprints) which are typical of each microorgan-
ism, providing robust and reliable results. The limit
of bacteria culture is given by the risk to miss several
microorganisms, particularly those that do not find
their growth needs satisfied in culture, so that genomic
observations find an extraordinarily larger number of
taxonomic units [27].

When comparing rectal swabs at birth with later
puppies’ rectal samples and with the dams’ rectal
samples in our study, the most evident results are the
almost complete absence of Clostridium spp. and the
low frequency of isolation of enteric bacteria (E. coli,
Proteus spp., Enterobacter spp.) in meconium. Previ-
ous observations on meconium bacterial flora were
made on samples collected immediately after colos-
trum intake to stimulate defecation, thus allowing time
for possible colonization [28] but, notwithstanding
this different approach, in this study Clostridia were
not isolated accordingly [12]. Among enteric bacteria,
Proteus spp. was not found while E. coli was isolated,
but the relative frequency of isolation is not reported
[12]. The findings in the distal portion of the colon of
1-day-old puppies euthanatized after suckling [25] are
not fully comparable with our findings at birth. Num-
bers of Clostridia resulted low at day 1, increased at
day 21 and decreased thereafter, reaching adult prev-
alence; enteric bacteria followed a declining curve as
well, whereas the numbers of Lactobacilli reached the
maximum at day 63 [25].
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In all the investigations on meconium microflora, the
possibility of contamination cannot be thoroughly ruled
out because birth is not a sterile process and bacteria col-
onization has been demonstrated to begin immediately
and occur rapidly. Gastrointestinal colonization is a fast
process and by 24 hours after birth, the number of bacte-
ria in the various tracts were found to be comparable to
those of the dams [25].

Our observations suggest that there is a remodeling
of the initial bacterial populations towards a decreasing
heterogeneity, as observed within the dam-litter units
over time. The restriction of variability that we observed
occurred along weaning, when the gut microbiota
may begin to increase the similarity to a young-adult
condition.

Breast milk, after the vaginal and the gastroenteric
tracts, is the second most significant source of microbes
for newborn babies and infants after vaginal birth [6]. In
dogs, colostrum is secreted by the mammary gland dur-
ing the first 2 days post-partum and has a crucial impor-
tance for the immunity of newborns, containing the
immunoglobulins that do not cross the canine placenta
[16]; it supplies energy and contributes to the digestive
tract maturation, also being a source of microorganisms
for the gut microbiome.

Isolation of bacteria from colostrum has been
reported in dogs [29], whereas the presence of bacte-
ria in canine milk from healthy bitches has long been
known [30]. We chose to collect the mammary secre-
tion without previous disinfection because we wanted
to have the picture of the bacteria that enter the pup-
pies’ mouth when suckling. The samples that we milked
could then be colonized by skin bacteria besides by bac-
teria living in the nipple ducts. The limited number of
samples allows for a descriptive analysis only. Data sug-
gest a reduction of enteric bacteria (E. coli; Proteus spp.,
Enterobacter spp.) in mammary secretion from birth to
day 2, likely reflecting the highly contaminated environ-
ment of the day of parturition. The colostrum/milk con-
tribution to the canine newborn gut microbiota is not
known. What we do understand from a previous study
is that oral and anal aerobic flora of 24-36 hours old
puppies vaginally delivered are correlated to milk, vagi-
nal and oral flora of the mother [31]. In our study, the
decrease in variability among bacteria and the higher
similarity within dam-litter units rather than among
them was confirmed also when including colostrum,
milk and vaginal samples.

Conclusions

Our work increases the knowledge of the normal dis-
tal gut microbial flora at birth in dogs and of the nor-
mal bacterial flora encountered by puppies in their first
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suckling, immediately after birth. The novel data analysis
approach has led to a very interesting picture that con-
firms the utmost importance of the maternal microbiota
in shaping the gut microbiota of her litter. Each dam has
an individual microbiota profile that influences her litter
gut microbiota assembly, which leads to the conclusion
that the dam seeds the initial bacterial populations. This
means that it could be useful to act on the dams’ micro-
biota to positively condition the microbiota of their oft-
spring particularly of their gut microbiota, which plays
a key role in the function of the immune system and on
future health.

Methods

Animals

Six dam-litter units of two medium size breeds, ACD
and LR, were included in the study. The dams were three
ACD, aged 5.6%1.2 years (mean % standard deviation
-SD-) and weighing 24.94+1.9 kg, and three LR, aged
4.94£3.1 years and weighing 13.1+1.1 Kg. A single LR
dam was primiparous while all the others had whelped
2-5 times (Table 1).

The bitches were housed in the same breeding kennel
and fed with the same commercial food (MONGE Nat-
ural Superpremium Medium Adult Rich in Chicken®,
Monasterolo di Savigliano, Cuneo, Italy). Over the two-
week period before the expected parturition date, the
dams were gradually shifted towards a dry balanced diet
for growing medium size dogs (MONGE Medium Puppy
& Junior Rich in Chicken®, Monasterolo di Savigliano,
Cuneo, Italy). Food quantity was calculated based on
FEDIAF guidelines-2019 [32].

All pregnancies were uneventful, and the bitches
received only the usual deworming treatment (1 mg/Kg
milbemycin oxime and 10 mg/Kg praziquantel). No anti-
microbials or other drugs or supplements were adminis-
tered. All the bitches delivered naturally. The number of
delivered puppies is shown in Table 1.
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Puppies suckled their dam’s milk until four weeks of
age, when weaning began. The weaning diet consisted of
the same solid food for feeding the dam and was adminis-
tered until two months of age. The puppies were weighed
at day 0, 2, 30 and 60. In case any puppy died, necropsy
was performed.

The study was approved by the Ethical committee of
the Department of Veterinary Sciences of the University
of Turin (Approval number 2200, 24/09/2019). Written
informed consent was obtained from the dog breeder.

Sample collection

Dams - Vaginal samples were collected using a sterile
nylon flocked swab (ESwab, 480CE, Copan Italia Spa,
Brescia, Italy) inserted carefully into the vagina, using
a sterile guide, in a craniodorsal direction and gently
rotated for 30 s. Vaginal samples were collected after
delivery of the last puppy and 48 hours post-partum.

Bulk colostrum and milk samples were taken milking
each teat into a sterile conical test tube (Cellstar Tubes-
Greiner Bio-One, IT), without previous disinfection of
the area. A sterile nylon flocked swabs (ESwab, 480CE,
Copan Italia Spa, Brescia, Italy) was plunged into the
sample. Collection took place immediately after delivery
of the last puppy (colostrum) and 48 hours post-partum
(milk).

Rectal samples were collected using a sterile nylon
flocked swab (ESwab, 480CE, Copan Italia Spa, Brescia,
Italy) introduced in the rectum, after delivery of the last
puppy and at day 2, 30 and 60 post-partum.

Puppies - Rectal samples from puppies were collected
with a sterile mini nylon flocked swab (ESwab, 484CE,
Copan Italia Spa, Brescia, Italy) immediately after
puppy resuscitation and before any interaction with the
dam (i.e., licking, first colostrum intake). The other rec-
tal samples were collected at day 2, 30 and 60. In case
of stillborn puppies, when possible, rectal samples were
collected at birth.

Table 1 ID, breed, age, weight and parity of the bitches included in the study

Dam ID Breed Age (years) Weight (Kg) Parity(N) Puppies(N)
Alive Stillborn
AO01 ACD 6.5 256 3 8 0
A02 ACD 4.2 228 2 3
AO5 ACD 6 264 3 0
56+1.2 249+1.9
AO4 LR 5.6 12.5 4 8 1
AO7 LR 1.5 136 0 7 1
A08 LR 7.6 124 5 3 1
49 +3.1 13.1£1.1 2.8+1.7 36 6

ACD Appenzeller Cattle Dog, LR Lagotto Romagnolo. Mean values + SD in bold. The number of the puppies born alive and dead is reported in the last two columns
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All swabs were placed into modified liquid Amies
medium (ESwab Copan Italia Spa, Brescia, Italy). All sam-
ples were aseptically collected by a single operator, and they
were immediately sent to the laboratory of the Istituto Zoo-
profilattico Sperimentale delle Venezie (Legnaro, Italy), in
refrigerated boxes, and processed within 48 hours.

Bacteriological examination

Bacterial isolation was performed according to standard
laboratory culture techniques. Briefly, each swab was
diluted in 1 ml of nutrient broth (HIB, Heart Infusion
Broth, Conda, Madrid, Spain). Ten and 100 ml of bacte-
rial suspension were respectively inoculated into solid
media and broths, as described below.

Search for aerobic microorganisms was conducted
using nutrient medium (BA, Blood Agar Base n° 2,
Biolife, Milan, Italy, with 5% defibrinated sheep blood,
Allevamento Blood, Teramo, Italy), nutrient broth (HIB),
and selective Enterobacteriaceae medium (McConkey
agar, Oxoid, Basingstoke, UK), Bile-Esculin Azide Agar
(Conda, Madrid, Spain). Cultures were inoculated and
incubated at 37°C£1°C in aerobic conditions.

Search for anaerobic microorganisms was conducted
using nutrient medium (BA), selective medium for
Clostridium perfringens (TSC Agar Base, Biolife, Milan,
Italy) and Fluid Thioglycolate medium (Liofilchem,
Roseto degli Abruzzi, TE, Italy). Cultures were inoculated
and incubated at 37°C+1°C under anaerobic conditions.

Culture media were checked at 24 or 48 hours depend-
ing on the aerobic or anaerobic conditions; in case of
absence of bacterial growth on the plates and of turbid-
ity in the nutrient broths, the plates were respectively
re-incubated for further 24 or 48 hours, under the same
conditions and broth seeding was performed as previ-
ously described.

All the microbial colonies grown on the first isola-
tion plates were counted. Based on the number of colony
forming units (CFUs), growth was classified as Low (1-10
CFU/10 pL), Moderate (11-30 CFU), or High (>31 CFU).

Bacterial genus identification was phenotypically per-
formed by macroscopic observation of colonies, Gram
stain reaction, cellular morphology observation, growth
on selective medium, catalase, oxidase, and mobility test;
on catalase positive Gram-positive cocci, coagulase tube
test was also performed.

Species identification was performed by MALDI-TOF
MS: Microflex LT instrument (MALDI Biotyper, Bruker
Daltonics) equipped with FlexControl software (version
3.3, Bruker Daltonics).

Data analysis
To describe the evolution of the microbiome an experi-
mental approach based on bacterial genus presence
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or absence and cluster analysis was applied. A list of
identified bacteria was created and codified 1/0 pat-
terns were created for each sample (Supplementary
Fig. 1). The presence or absence of each bacterial genus
was recorded for each sample, to obtain a 1/0 codi-
fied pattern. Distance matrix was calculated by using
Phi of Pearson Coefficient and used to perform cluster
analysis. In particular, complete-linkage dendrograms
were generated for each family. Two-dimensional scal-
ing plots (2DS) were depicted for each family, in order
to describe the shape and the change of microbiome
composition through time. The mean diversity, evalu-
ated as the averaged distances within samples belong-
ing to each family, was assessed at each time point and
it was compared to the starting time point (birth). The
area covered by the samples belonging to the same fam-
ily at each time point was calculated (polyarea function
embedded in the pracma R package, https://github.
com/cran/pracma). The within-family diversity val-
ues for each time point were compared as well as the
areas of polygons obtained by 2DS analysis (Wilcoxon
rank sum exact test) to the first experiment time point
(birth). All the statistical analyses were performed using
R statistical software.
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