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1.  INTRODUCTION

Between November and May, spotted seals Phoca
largha assemble in large groups in the Liaodong Gulf
of China to mate and reproduce (Wang 1986). Cur-
rently, the P. largha population at this locality is esti-
mated at approximately 2000; thus, these animals are
categorized as grade-II endangered species in China
(Gao et al. 2015). The simultaneous occurrence of on-
ice births, weaning pups, and ice-melting are impor-
tant factors in the reproductive biology of these seals
(Atkinson 1997). Increased ice-melting due to global
warming and harsh sea conditions have caused high
death rates of spotted seal pups (Zhang et al. 2014);
therefore, it is important to increase the survival rate
of pups by rescuing animals in need.

Environment and diet influence pinniped gut
microbiota (Nelson et al. 2013). For example, envi-
ronmental microbes from sea water at different
colony locations led to differences in gut bacteria
in sea lions (Delport et al. 2016). Moreover, differ-
ent prey have been shown to contribute to gut
microbiota differences between wild and captive
leopard seals (Nelson et al. 2013). During a rescue
process, the environment of a spotted seal pup
invariably changes from a natural to an artificial
one, requiring a modified diet and impacting gut
microbiota.

In this study, gut microbiota variations in a rescued
spotted seal pup were evaluated by high-throughput
sequencing of 16S rRNA genes. The pup suffered
from diarrhea while within captivity; however, the
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condition was cured before release. Our study objec-
tives were to explore differences in gut microbiota
between rescue and release, and identify the poten-
tial cause of the diarrhea. To the best of our knowl-
edge, this study is the first to analyze changes in the
gut microbiota of a spotted seal during the rescue
period.

2.  MATERIALS AND METHODS

2.1.  Rescue period

A spotted seal pup (weight: 23.0 kg, body length:
87 cm) was found in Liaodong Gulf (121.56° N,
40.87° E) on 4 March 2019 on a small piece of sea ice,
separated from its mother. Based on white lanugo on
its skin and the fact that it was away from the mother,
the age of the pup was inferred at <1 mo. During this
lactation period, pups cannot hunt by themselves;
therefore, this pup was rescued to ensure its survival.
During the rescue period, the pup was housed in a
3 × 5 × 1.5 m aquarium, located in Liaoning Ocean
and Fisheries Science Research Institute. The pup
was fed Atlantic herring Clupea harengus at a rate of
10% of its body weight every day. Vitamin B in fish
tissue rapidly breaks down after death, which can
lead to anorexia in seal pups; therefore, multi-vita-
mins/ multi-minerals were added to supplement the
fish diet at a dose of 1 tablet d−1, to ensure normal
growth. On Day 6 after capture, the pup experienced
diarrhea, with loose and watery stool during bowel
movements. Multi-enzyme tablets were adminis-
tered to treat the condition. Diarrhea symptoms sub-
sided on Day 12. The entire rescue period lasted 24 d.

2.2.  Fecal collection, DNA sequencing, 
and  bioinformatics analyses

During the rescue period, 3 fecal samples were col-
lected in sterilized containers every 3 d. After collec-
tion, the surface part of each fecal sample that had
been in contact with the water was removed, and
only the inside, uncontaminated material was re -
served. In total, 27 fecal samples were collected. Bac-
terial  genomic DNA was extracted using the QIAamp
 PowerFecal DNA Kit (QIAGEN). Sequencing and
bacterial community annotation were performed
according to a previous study (Zhao et al. 2018).
Briefly, the V3−V4 region of the 16S rRNA gene was
ampli fied by PCR, and amplicon libraries were gen-
erated after purification, quantification, and equiva-

lent mixing of amplification products. The libraries
were sequenced on an Illumina MiSeq platform with
a 250 bp paired-end strategy. After quality control,
clean reads were assembled into tags, clustered into
operational taxonomic units, and taxonomically
annotated by FLASH, QIIME, and Greengenes,
respectively.

2.3.  Statistical analysis

Principal coordinate analysis was performed by the
‘vegan’ (Oksanen et al. 2019) and ‘ggplot2’ (Wick-
ham 2009) packages in the R platform (R Core Team
2012) to show variations in gut microbiota composi-
tion during the rescue period. The relative abun-
dance of dominant bacteria at the phylum level was
revealed by the ‘ggalluvial’ (Brunson 2019) package
in R. Differences in the relative abundance of bacte-
ria at each bacterial species level between the initial
rescue and release were evaluated by t-tests and
their relative abundances were investigated by the
‘ggplot2’ package in R. Significant difference in the
relative abundance of a bacterial species between
the initial rescue and release was confirmed if p <
0.05.

3.  RESULTS AND DISCUSSION

3.1.  Variations in gut microbiota during 
the rescue period

The spotted seal pup’s fecal microbial community
composition on Day 3 was similar to before the initial
rescue (Fig. 1a). Shifts in gut microbiota were ob -
served on Day 6, in line with the appearance of diar-
rhea (Fig. 1a). More significant alterations in gut
microbiota were observed in fecal samples collected
on Days 9 and 12 (Fig. 1a). After the diarrhea was
treated, differences in gut microbiota gradually
diminished between Days 15 and 21 (Fig. 1a). Finally,
gut microbiota recovered to the state of initial rescue
(Fig. 1a). These data show that the diarrhea episode
was associated with a change in gut microbiota; how-
ever, these changes were eventually restored.

Firmicutes were the dominant bacteria (74.2%)
in the gut microbiota, followed by Fusobacteria,
 Proteobacteria, Actinobacteria, and Bacteroidetes,
which accounted for 15.3, 4.9, 2.7, and 2.6% of the
total gut microbiota, respectively (Fig. 1b). Firmi-
cutes are also dominant bacteria in the gut micro-
biota of other pinnipeds, including Australian sea
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lions (Siebert et al. 2009), fur seals (Smith et al. 2013),
and Antarctic seals (Nelson et al. 2013). Firmicutes
enrichment in animal guts can lead to more efficient
energy absorption from food (Estrada-Velasco et al.
2015). In humans and mice, the relative ratio of Fir-
micutes to Bacteroidetes is a factor in obesity, with
obese humans and mice having relatively fewer Bac-
teroidetes, but more Firmicutes, when compared to
leaner counterparts (Ley et al. 2006). Spotted seals
have a high body fat content to ensure survival in
cold seawater environments (Jefferson et al. 2007);
thus, high Firmicutes abundance in the guts of these
animals could be related to fat production.

3.2.  Differences in gut microbiota 
between rescue and release

Although the gut microbiota of the pup at release
were similar to when it was initially rescued, we ob -

served significant changes in the relative abundance
of some microorganisms (Fig. 2a). When compared to
microbiota levels at the time of rescue, the relative
abundance of Clostridium perfringens was signifi-
cantly higher at release (t-test, p < 0.05; Fig. 2a). C.
perfringens is a widely distributed pathogen found in
the intestinal flora of most animals and humans (Mor-
ris & Fernández-Miyakawa 2009). It is possible these
increased C. perfringens levels in the gut microbiota
may have increased disease risks for the pup follow-
ing release.

In contrast to C. perfringens, the relative abun-
dances of Blautia producta and Cetobacterium
somerae were significantly lower in the pup’s gut
microbiota at release compared to initial rescue
(t-test, p < 0.05; Fig. 2a). These gut bacteria are
 beneficial to host health; B. producta clears van-
comycin-resistant Enterococcus from mouse intes-
tines, inhibiting bloodstream infections (Caballero
et al. 2017), while C. somerae produces acetic acid as
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Fig. 1. (a) Principal coordinate analysis of gut
microbial compositions and (b) relative abun-
dance of dominant bacteria at the phylum
level in the gut microbiota of the spotted seal
pup during the 24 d rescue period. Values be-
fore the underline (x-axis) represent sam-
pling times (in d); values after the underline 

are sample numbers
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a major end product of peptide and carbohydrate
metabolism (Finegold et al. 2003). G protein-coupled
receptor 43 (GPR43) activation by acetic acid exerts
significant protective effects on mouse intestinal in -
flammation (Sivaprakasam et al. 2017). Accordingly,
these gut bacteria may benefit seal pup health; how-
ever, as these bacterial levels were lower than when
the pup was initially rescued, this may have reflected
poor pup gut health at release.

3.3.  Variations in gut microbiota during diarrhea

We analyzed shifts in dominant bacteria abun-
dance in the pup gut to identify potential reasons
for diarrhea during the rescue period. During the
diarrheal stage, the relative abundance of Fusobac-
teria was significantly higher than in other non-diar-
rheal fecal samples (Fig. 1b) and largely comprised
members of the Fusobacterium genus (Fig. 2b). Fuso -
bacterium is a Gram-negative, non-spore-forming
bacterium, widely accepted as a human and ani -
mal pathogen (Castellarin et al. 2012). Significantly
higher Fusobacterium levels have been detected in

oral-type tissues from diseased striped dolphins com-
pared with healthy counterparts (Godoy-Vitorino et
al. 2017). Thus, diarrhea in our rescue pup may have
occurred from unusual Fusobacterium enrichment in
its gut. Unfortunately, this Fusobacterium was not
classified to the species level. The phylogeny and
pathogenic mechanisms of this bacteria should be
studied to develop effective methods to prevent
potentially debilitating diarrhea in rescued animals.

4.  CONCLUSIONS

Firmicutes was the most dominant bacteria in the
rescued seal pup’s feces. The overall composition of
gut microbiota was similar at the initial capture and
release. However, we observed significant changes
in the relative abundance of some bacteria before
and after rescue. Amounts of Clostridium perfringens
were higher, while levels of Blautia producta and
Cetobacterium somerae were lower at release. More-
over, diarrhea occurred during the rescue period,
after which a brief shift in gut microbiota composition
was observed; Fusobacterium appeared to be related
to the occurrence of diarrhea in this animal.
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