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Abstract
We used high-throughput sequencing analysis, which targeted the hypervariable V3–V4 region of the bacterial 16S rRNA 
gene, to investigate the microbiota in fecal material from ten wild painted turtles (Chrysemys picta) captured in southeastern 
Wisconsin. The most predominant bacterial phylum detected in all samples was the Firmicutes (relative abundance for all 
samples 96.4% to 68.3%). The next most predominant phylum was Bacteroidetes (relative abundance for all samples 23.9% 
to 7.8%) in eight samples. Fusobacteria (relative abundance for all samples 22.2% to 0%) was the second most predominant 
in the other two samples.

Introduction

Painted turtles (Chrysemys picta) are habitat and food gener-
alists that are abundant throughout much of North America 
[1]. Although they are a relatively common species and 
the focus of much research [reviewed by 1], few studies 
have investigated the microbiota in the digestive systems 
of wild individuals. In fact, few studies have looked at the 
bacteria present in the fecal material of wild turtles, in gen-
eral. Despite this, Mitchell and McAvoy [2] used a culture 
dependent approach to examine the enteric bacteria present 
in 174 wild freshwater turtles from across seven different 
species, including painted turtles, in Central and South-
eastern Virginia. In addition, other studies centered on the 
enteric bacteria of wild turtles exist, but these frequently 
focus on the presence or prevalence of Salmonella spp. in 
captured individuals [e.g. 3, 4].

The aim of this preliminary investigation was to charac-
terize the bacterial diversity in the fecal material of painted 

turtles living in the wild. There are numerous reasons why 
investigating the enteric bacterial diversity within wild tur-
tles can be important to understanding their basic physiology 
and ecology. Further, assessment of internal microbes can 
provide information on factors that could influence turtle 
population dynamics (e.g., mortality, population stability, 
and regulation), particularly if those microbes are patho-
gens or contribute to other disease. The gut microbiomes of 
mammals, for example, are very important to the health, and 
perhaps the fitness, of the animal [5–7]. Emerging infectious 
diseases can pose important threats to the stability of wild-
life populations and biodiversity [8]. As such, inventories of 
fecal microbiota can be used to screen for potential threats 
to population health, or act as a baseline for comparison by 
future researchers.

In early August 2017, we deployed four baited hoop traps 
at a wetland in southeastern Wisconsin (Jefferson County). 
Hoop traps were checked at ca 15 h post-deployment and 
all captured adult turtles were removed, sexed using exter-
nal morphological characteristics, measured (straight-line 
carapace length), and weighed using drop scales (n = 10; 
Table S1). We then transported captured turtles to an indoor 
facility and placed them individually into large plastic tubs 
partially filled with well water. We visually inspected all 
turtles at regular intervals over the next 48 h to assess their 
general health and also to check for the presence of fecal 
pellets in the water. We immediately removed any fecal pel-
lets observed, placed them in plastic vials, and stored them 
in a regular kitchen freezer (− 17.8 °C) for ca 14–48 h. By 
48 h post-capture, all turtles were released at their original 
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capture location. All fecal samples were then transported 
to a − 40 °C freezer and stored until required for laboratory 
investigations. In this study, samples were collected under 
the auspices of Institutional Animal Care and Use Commit-
tee (IACUC) approved permit K145011020Q.

The inner portion of the ten painted turtle fecal samples 
used in this study were analyzed using  ZymoBIOMICS® 
service performed by Zymo Research (Irvine, CA). The 
 ZymoBIOMICS®-96 MagBead DNA Kit (Zymo Research, 
Irvine, CA) was used to extract DNA using an automated 
platform. Bacterial 16S rRNA gene sequencing was per-
formed using the Quick-16S™ NGS Library Prep Kit 
(Zymo Research, Irvine, CA). The bacterial 16S rRNA gene 
sequencing primers amplified the V3–V4 region of the 16S 
rRNA gene. The sequencing library was prepared using an 
innovative library preparation process in which PCR reac-
tions were performed in real-time PCR machines to control 
cycles and therefore prevent limit PCR chimera formation. 
The final PCR products were quantified with qPCR fluores-
cence readings and pooled together based on equal molarity. 
The final pooled library was cleaned up with the Select-a-
Size DNA Clean & Concentrator™ (Zymo Research, Irvine, 
CA), then quantified with  TapeStation® and  Qubit®. The 
final library was sequenced on  Illumina® MiSeq™ with a 
v3 reagent kit (600 cycles). The sequencing was performed 
with > 10% PhiX spike-in. Unique amplicon sequences were 
inferred from raw reads using the Dada2 pipeline [9]. Chi-
meric sequences were also removed with the Dada2 pipe-
line. Taxonomy assignment was performed using Uclust 
from Qiime v.1.9.1. Composition visualization and alpha-
diversity analyses were performed with Qiime v.1.9.1 [10].

In the present study, a total of 1,084,590 bacterial 
sequences were analyzed from animal samples that pos-
sessed 392,328 sequences of sufficient quality. The predomi-
nant bacterial phylum detected was Firmicutes, with a rela-
tive abundance between 96.37 and 57.38% of the sequences 
(Table 1). The second most predominant phylum was Bacte-
roidetes in eight samples with a relative abundance between 
23.9 and 2.4% for all samples. Fusobacteria was the sec-
ond most predominant group bacteria detected in the other 

two samples, with a relative abundance between 22.0 and 
0.0% for all samples (Table 1). The relative abundance of 
sequences for eight different phyla is shown in Table 1. Most 
bacteria detected were members of the order Clostridiales, 
ranging from 96.4 to 56.0% of samples analyzed (Table S2). 
A rarefaction curve was generated to show the completeness 
of the sampling, by plotting the number of observed species 
from the painted turtle fecal samples against the number of 
sequences (Supplementary Fig. S1).

The calculated Chao1 index values from our samples 
ranged from 25 to 83, which indicates that all of the samples 
have similar species richness. The Shannon–Weaver index 
value, calculated as a way to quantify the diversity of bac-
terial species in our samples, ranged from 2.922 to 4.891.

Past studies of aquatic animals have generally reported 
similar, but not identical, results to ours. For example, vary-
ing abundances of bacteria from the phyla Firmicutes and 
Bacteroidetes have been detected in the gut in both terrestrial 
and marine mammals [11]. In a study using cloacal swab 
samples from captured and rehabilitated green sea turtles 
(Chelonia mydas) previously living in the wild, Firmicutes 
were the most predominant. This was followed by Bacteroi-
detes and Proteobacteria [12]. In a recent study by Ahasan 
et al. [13], eight cloacal samples from four different green 
sea turtles which were undergoing rehabilitation were col-
lected. In the samples from pre-hospitalization turtles, Pro-
teobacteria was the most dominant followed by Firmicutes 
and then Bacteroidetes. Proteobacteria was again the most 
dominant phyla of bacteria found in samples from post-
rehabilitated turtles, followed by Bacteroidetes and then Fir-
micutes. Interestingly, in a juvenile green sea turtle sample 
WP940 both a cloacal and a fecal sample were collected and 
the microbiota was investigated [14]. In the cloacal sample, 
Firmicutes was the most dominant followed by Bacterioides 
with a relative abundance of 61.1% and 28.9%, respectively. 
In the fecal sample, Proteobacteria was the most dominant 
followed by Bacterioides with a relative abundance of 42.5% 
and 34.3%, respectively [J. T. Price pers. comm.].

In all vertebrates, Firmicutes are the most widespread 
and common phylum detected. This is likely due to their 

Table 1  Relative abundance 
of bacterial taxa at the phylum 
level in painted turtle fecal 
samples

Taxonomy Total % S1% S2% S3% S4% S5% S6% S7% S8% S9% S10%

Firmicutes 78.3 81.3 96.4 57.4 82.7 86.4 71.0 82.7 81.8 68.3 75.0
Bacteroidetes 14.3 17.7 2.4 19.0 17.3 11.5 6.1 16.5 7.8 20.8 23.9
Fusobacteria 4.7 0.9 1.2 10.9 0.0 1.0 22.2 0.0 8.9 1.5 0.0
Proteobacteria 2.4 0.1 0.0 12.2 0.0 1.1 0.8 0.8 1.5 6.1 1.0
Cyanobacteria 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 2.4 0.0
Actinobacteria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Deinococcus-Thermus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Chloroflexi 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Other 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.1
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ability to absorb nutrients and to harvest energy from mate-
rial which was ingested by the host [15]. In ruminants, for 
example, Firmicutes are important in the breaking down of 
fiber and cellulose [16]. In wild-captured green turtles the 
high number of Firmicutes could be a reflection of healthy 
turtles living in a natural state [12]. Also, in green turtles, 
bacteria in the genera Cellulosilyticum, Peptoclostridium, 
and Clostridium could aid turtle digestion, facilitating the 
metabolism of different plant-derived polysaccharides [17, 
18]. Even though painted turtles are not ruminants, our 
current study detected bacteria of the genera Clostridium 
(15.1–53.6%), Peptoclostridium (0–0.8%), and Cellulosilyti-
cum (0–11.6%) in fecal samples, which could also aid in the 
digestion of complex polysaccharides.

Members of Bacteroidetes are common microbes associ-
ated with the gut. They are reported in several aquatic and 
terrestrial vertebrate animals including herbivorous mam-
mals [11, 19]. The main function of Bacteroidetes is to break 
down carbohydrates and proteins, while also facilitating in 
the development of the gastrointestinal immune system 
[20, 21]. The members of the phylum Fusobacteria have 
been identified from both aquatic and terrestrial vertebrates 
including humans. However, the phylum is poorly studied 
and consists of approximately 32 species with an overall 
undefined phylogenetic position [11, 22].

Our study represents an important first step in elucidat-
ing the fecal bacterial communities’ in adult painted turtles. 
Unfortunately, other groups which are also an important part 
of the microbiota, such as archaea and fungi, remain poorly 
characterized and need to be investigated in future.
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