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ABSTRACT 
 

Tail clipping of amphibian tadpoles is one of the minimally invasive, non-lethal procedures, (apart from skin 
swabbing) used to collect tissues without euthanising the target individual. It is commonly used for species iden-
tification, especially when the continuity between the tadpoles and adult stages is not known. However, there is a 
lack of published standard and safe protocol for tail clipping of anuran tadpoles. To determine the efficiency of 
the protocol defined herein, we tail clipped 3.0 mm of four Rana huanrenensis tadpoles (Fei, Ye & Huang, 
1990), two at each of the Gosner stages 34 and 41. We observed the tails resorbing from tail length = 20.625 ± 
0.64 mm on day 0 post-clipping to 5.75 ± 3.49 mm on day 6 post-clipping. During this period, metamorphosis 
progressed for individuals tail-clipped at Gosner stage 34 (total length: 33.75 ± 2.35 mm; day 0 post-clipping) to 
Gosner stage 43 (total length: 28.5 ± 3.47 mm; day 6 post-clipping); and individuals tail-clipped at Gosner stage 
41 (total length: 35.75 ± 0.35 mm; day 0 post-clipping) to Gosner stage 46 (total length: 15.00 ± 0.00 mm; day 6 
post-clipping). We did not record any fatality during the experiment. DNA extracted from 3.0 mm of tail tip tis-
sue yielded gDNA concentrations between 10 and 32 ng/µl, a sufficient amount for barcoding and fingerprinting. 
We conclude that this protocol is adequate for R. huanrenensis and Ranidae in general, and it is safe for tadpoles 
at Gosner stage 34 and above. 
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INTRODUCTION 
 

Acquiring high quality tissue is fundamental for species 
identification through DNA barcoding. Low amounts 
and quality of DNA during Polymerase Chain Reactions 
(PCR) have a negative impact on subsequent genetic 
analyses (Wong et al., 2012). As a result, to ensure the 
obtention of sufficient DNA, oversampling is the gen-
eral rule. This practice burdens both the focal animal 
and the population (Picazo & García-Olmo, 2015). Spe-
cifically, the handling procedure is stressing to the cap-
tured individual (Zemanova, 2019), and often lethal 
(Knesl et al., 2017). 
 Despite the possibility to rely on non-
destructive methods, most DNA sampling procedures 
are still invasive, such as non-lethal methods of toe clip-
ping (Gonser & Collura, 1996) and blood sampling 
(García-Feria et al., 2015). However, non-invasive sam-
pling for genetic analyses should be a requirement for 
the welfare of the organism studied (Müller et al., 2013) 
and would also increase the chances of legal clearance 
with permission in many countries. Thus, specific guide-
lines aiming at minimizing the impact on animals have 
been developed in agreement with ethical research 
standards (Ferdowsian & Beck, 2011). For instance, skin 
swabbing and buccal sampling of adult amphibians are 
considered non-destructive and ethical, providing DNA 
usable for microsatellites genotyping (Broquet et al., 
2007; Prunier et al., 2012; Pichlmüller et al., 2013), and 
even next generation sequencing (Dufresnes et al.,                    
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2019). However, skin swabbing can result in DNA con-
tamination (Breacker et al., 2017) and buccal swabbing 
is currently used preferentially for adults rather than 
anurans larvae due to the small size of buccal cavities 
and the current technical restrictions to collect epithelial 
cells (Goldberg et al., 2003). In tadpoles, tails provide 
the most appropriate tissue type for DNA collection 
(Gray et al., 2012), providing good quality DNA, due to 
the absence of bony and cartilaginous elements (Koch 
& Wilcoxen, 2018).  

Amphibian tadpoles regularly get their tail 
damaged by failed predation attempts (Koch & Wilcox-
en 2018; Zamora-Camacho et al., 2018), and some spe-
cies even increase tail visibility to decrease attacks to 
vital organs (Mccollum & Leimberger, 1997). The tails 
usually grow back after being damaged, and regenera-
tion-organizing cells present in the epidermis, as shown 
for Xenopus tadpoles, may act as key factor for tail re-
generation (Aztekin et al., 2019). Despite the invasive 
nature of tail clipping, its impact is comparable to that 
of failed predations events (Polo-Cavia & Gomez-
Mestre 2014), where it has a minimal consequences to 
the tadpoles fitness (Clarke et al., 2019), no adverse 
effects on the tadpoles growth (Segev et al., 2015), and 
highly facilitates molecular analyses, being one of the 
most effective sample collection methods (Degani et al., 
2013). However, while the minimal amount of tissue 
usable for DNA extraction will not vary, the length and 
body-percentage of tissue that can be clipped from an 
ethical point of view will be different for each                          
  



individual, based on length and development stage. For 
instance, the recommended length of tail to be clipped on 
salamander larvae is from 4.0 to 5.0 mm (~30% of total 
body; Segev et al., 2015), while it is 3.0 to 10.0 mm for 
tadpoles (Leyse & Lind, 2003). The objectives of this 
study are: 1) to measure the percentage of tissue and tail 
length necessary for DNA collection and fingerprinting 
in R. huanrenensis, and 2) to exemplify the most appro-
priate larval stage that is safe (with respect to existential 
performance) for tail clipping in tadpoles. 
 

MATERIAL AND METHODS 
 

Species introduction 
 

Here, we selected Rana huanrenensis (Fei, Ye & Huang, 
1990) as a model species for tail clipping due to the wide 
representation of the Rana genus in the anuran order 
(Bossuyt et al., 2006). In addition, we considered the 
species to be important based on: (i) the complexity in 
morphological identification of tadpoles in the family 
(Grosjean et al., 2004); (ii) the absence of data on clear 
ecological preference for the species (Na et al., 2017); 
(iii) the parapatric distribution of R. huanrenensis with 
the morphologically similar Rana uenoi, Rana coreana 
and Rana chensinensis (Do et al., 2018; Dong et al., 
2016). Rana huanrenensis is listed as Least Concern by 
the IUCN Red List of threatened species (IUCN SSC 
Amphibian Specialist Group, 2019). The species ranges 
from North Eastern China to Southern Korea (Ki et al., 
2016; Kim et al., 2002), and in the Republic of Korea, 
The species generally breeds in stream pools in valleys 
of high montane region (Na et al., 2017). 
 
Ethics statement and sample collection 
 

The sampling site was based on data retrieved from the 
georeferenced database Global Biodiversity Information 
Facility (GBIF). We sampled four R. huanrenensis tad-
poles in the valley of Mount Buram, in Nowon-gu, Seoul 
(37.654 N, 127.091 E). We provided each individual a 
unique identification: (a), (b), (c) and (d). After that, the 
tadpoles were raised in the lab with the IACUC approval 
(Permit number: 20-025).We determined the develop-
mental stage following Gosner (1960). Based mainly on 
toes indentation, we determined that two individuals 
sampled were at Gosner stage 34 (average total body 
length: 31.75 mm; identifying trait: indentation 2-3; n = 
2) and the other two at stage 41 (average total body 
length: 35.75 mm; identifying trait: visible forelimbs; n = 
2). To minimise the risk of injuries and prevent the death 
of tadpoles, we limited our investigation to tadpoles be-
tween early metamorphosis (Gosner stage > 31; identify-
ing trait: emergence of limb buds; Araújo et al., 2016) 
and muscle apoptosis (Gosner stage < 44; identifying 
trait: characterised fingers and toes with induced tails; 
(Simmons & Horowitz, 2007). 
 
Tail clipping and metamorphosis observation 
 

We clipped 3.0 mm of the tail tip of each individual with 
sterile forceps on a sterilized petri dish. In order to meas-
ure the area of clipped tissues, we photographed the tad-
poles before and after tail clipping using an optical cam-
era embedded in the digital microscope Dimis-M with 1x 
zoom (Dimis v.7.0 software; Siwon Optical Technology, 
Republic of Korea). The tail tips were stored in 100% 
alcohol at -20 ºC until DNA extraction. Next, we pro-
cessed the captured images of the tadpoles to calculate 
the percentage area of the clipped tail by converting the 
  

image to vectors using the scientific image measurement         
software Digimizer v.5.3.5 (Schoonjans, 2012).We then 
computed the percentage of clipped tail tip area from the 
total body area based on the formula: area of clipped tail 
tip/area of entire body x 100.  

In order to observe the morphological changes 
and to track the tail resorption post clipping, we meas-
ured the daily variations in total length, body length and 
tail length for seven days using the same digital micro-
scope camera (Dimis v.7.0 software; Siwon Optical 
Technology, Republic of Korea). We observed morpho-
logical changes over seven days based on the duration of 
tail resorption for closely related species (Nakai et al., 
2017). The first day of observation was indicated as day 
0 post-clipping and the last day of observation was indi-
cated as day 6 post-clipping. Each tadpole was housed 
separately in identical cylinder PVC tanks (230 mm in 
diameter and 130 mm in depth, with ventilated lid), un-
der constant water temperature (20.0 ⁰C) and air supply. 
All tadpoles were fed once per day with finely ground 
Malva verticillata. All individuals were released back to 
the original site seven days post tail clipping. 
 

Genomic DNA and PCR yield assessment 
 

We extracted DNA within 24 hours after tissues collec-
tion to ensure high quality gDNA (Straube & Juen 2013; 
Singh et al. 2018). DNA was extracted using the Qiagen 
DNeasy Blood and Tissue Kit (Qiagen, Germany) ac-
cording to the instructions of the manufacturer. Follow-
ing the extractions, we ran an electrophoresis with 3 µl of 
extracted DNA on a 1.2% agarose gel. Using the same 
volume, we measured the DNA concentration for each 
sample (Thermo Scientific™ NanoDrop™ 2000/2000c 
Spectrophotometers; Thermo Scientific; USA) with di-
rect A280 absorbance measurements, a standard for DNA 
nucleic acid. This measurement were repeated twice and 
averaged for consistency.  

To confirm that the collected gDNA was ade-
quate we used the DNA from the four tail clips as tem-
plate in PCR amplification. We amplified 550 bp of the 
mitochondrial gene 16S rRNA using the universal primer 
pair F51 (5’-CCC GCC TGT TTA CCA AAA ACA T-
3’) and R51 (5’-GGT CTG AAC TCA GAT CAC GTA-
3’; Sumida et al., 2002). We performed all PCRs in 20 
μL volumes of total reaction, each containing approxi-
mately 50 ng/µl of DNA, 1μl Ex taq (5 units/μl; 
HR001A, Takara; Shiga, Japan), 1.6 μl of 10mM DNTP 
Mix (Takara; Shiga, Japan), 1 μl of 10 μM forward pri-
mer and reverse primer and 1.5 μl of 2.5 mM MgCl2. 
PCR amplifications were conducted with an initial dena-
turation of 95 °C for 5 min followed by 35 cycles at 94°C 
for 30s, 55°C for 30s, 72°C for 60s and a final extension 
at 72 °C for 10 min. All amplifications were carried with 
a PCR machine SimpliAmp™ Thermal Cycler (Model 
PTC1, Applied Biosystems; USA). All PCR amplicons 
were purified and sequenced for both forward and re-
verse strands on an ABI platform (CosmoGenetech Com-
pany Co., Ltd.; Republic of Korea). PCR amplicons were 
visualised by electrophoresis on a 1.5% (w/v) agarose gel 
with 3 μl for each sample, and the gel was documented 
using a Blue Illuminator (Thermo Fisher Scientific, 
USA). We determined the PCR efficiency and the Sanger 
sequencing data quality based on the percentage of nucle-
otide base obtained from sequencing reads-outs (HQ/%). 
We tested the consistency of sequencing result obtained 
by aligning the combined sequences of forward and re-
verse reads with de-novo assembly to obtain the percent-
age of pairwise similarity. 
 

 

Othman et al. 

189 
AJCB Vol. 9 No. 2, pp. 188–195, 2020 



RESULTS  
 

The 3.0 mm of tail tip clipped from all individuals was 
equivalent to a percentage area of 7.67% and 7.92% for 
individuals (a) and (b), respectively (Gosner stage 34; 
day 0 post- clipping; Table 1; Figure 1). The tail clipped 
area was equivalent to 11.93% for individual (c) and 
9.88% measured for individual (d) (Gosner stage 41; day 
0 post-clipping; Table 1; Figure 1).  

Within seven days post tail-clipping, all individuals met-
amorphosed (Figure 1). The individuals (a) and (b), tail 
clipped at Gosner stage 34 (day 0 post-clipping; Table 2; 
Figure 1), reached Gosner stage 42 by day 6 post-
clipping (Table 2; Figure 1). The individuals (c) and (d), 
tail-clipped at Gosner stage 41 (day 0 post-clipping; table 
2; Figure 1), reached the Gosner stage 46 and 45, respec-
tively by day 6 post-clipping (Table 2; Figure 1).  
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Individual Gosner stage (day 0 
post-clipping) 

Percentage of tail-clipped area 
over total body area (%) 

Percentage of tail-clipped 
area over tail only area (%) 

a 34 4.85 7.67 

b 34 4.21 7.92 

c 41 4.99 11.93 

d 41 4.79 9.88 

Table 1. Percentage of area of clipped tail tip tissue from all Rana huanrenensis tadpoles. The percentage of clipped tail 
tip over total body area and over tail only area were recorded on the day of the tail clipping performed for all four R. 
huanrenensis tadpoles (n = 4; day 0 post-clipping). 

Tadpoles metamorphosis post tail-clipping 

Figure 1. Impact of metamorphosis on morphology of Rana huanrenensis tadpoles post tail clipping. All tad-
poles metamorphosed and survived the experiment and were released to the capture point. The abbreviations used 
in the figure stand for; BL: body length, TL: tail length and TL: total length. 
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Table 2. Daily measurement of morphological data and recorded progress in developmental stages post tail clipping. We recorded 
the measurement of tadpoles’ total length, body length and tail length along the seven days of experiment. We observed the mor-
phology of toes, forelimbs and tail development to infer the metamorphic stage of all Rana huanrenensis tadpoles (n = 4).  

Gosner 

stage 

Ind-ividual Observation 

(Day) 

Total 

length 

(mm) 

Body 

length 

(mm) 

Tail 

length 

(mm) 

 Identifying trait 

34 a Day 0 31 10 21 Indentation 2-3 

34 b Day 0 32.5 11 21.5 Indentation 2-3 

41 c Day 0 35.5 15.5 20 Visible forelimb 

41 d Day 0 36 15 21 Visible forelimb 

35 a Day 1 28 10 18 Indentation 3 

35 b Day 1 29.5 11 18.5 Indentation 3 

42 c Day 1 32.5 15.5 17 Mouth anterior 

42 d Day 1 33 15 18 Mouth anterior 

36 a Day 2 29 12 17 Five separated toes 

36 b Day 2 30 12 18 Five separated toes 

44 c Day 2 22.5 15 7.5 Tail almost absent 

43 d Day 2 30 13.5 16.5 Visible forelimb 

39 a Day 3 27 15 12 Subarticular patches 

39 b Day 3 30 13 17 Subarticular patches 

45 c Day 3 20 18 2 Tail stub 

44 d Day 3 28 15 13 Visible Tail 

40 a Day 4 28 15 13 Visible forelimb 

40 b Day 4 28 14 14 Visible forelimb 

45 c Day 4 15 15 2 Tail fully resorbed 

44 d Day 4 17 15 11 Tail resorbing 

42 a Day 5 28 16 12 Mouth anterior 

42 b Day 5 30 17 13 Mouth anterior 

45 c Day 5 15 15 2 Tail stub 

44 d Day 5 15 13 10 Tail fully resorbed with visible mouth 

43 a Day 6 26 20 6 Tail fully resorbed 

42 b Day 6 31 20 11 Tail fully resorbed 

46 c Day 6 15 13 1 Metamorphosis almost complete 

45 d Day 6 15 13 5 Pre tail stub, with differentiated mouth 

Figure 2. Summary of the seven days of observation on the metamorphosis progress and morphometric 
measurements of Rana huanrenensis tadpoles post tail clipping (n = 4). 
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In the present study, we found a general reduction in 
total length and tail length for all tadpoles as they devel-
oped and reached higher Gosner stages. We recorded a 
noticeable reduction of tail length for individuals (a), (b) 
and (d) during the seven days of the experiment, as the 
tails resorbed through muscle apoptosis (Table 2, Figure 
2). Specifically, a drastic tail resorption reflected muscle 
apoptosis two days after tail clipping of individual (c) 
with tail length decreasing from 17.0 (Gosner stage 43; 
day 2 post-clipping) to 2.0 mm (Gosner stage 45; day 4 
post-clipping; Table 2, Figure 2). We found the opposite 
pattern in body length with the body length of individu-
als (a) increasing from 10.0 (Gosner stage 34; day 0              

  
  

post-clipping, Table 2, Figure 2) to 20.0 mm (Gosner 
stage 43; day 6 post-clipping; Table 2, Figure 2) and the 
body length of individual (b) increasing from 11.0 (day 0 
post-clipping; Table 2, Figure 2) to 20.0 mm (Gosner 
stage 42; day 6 post-clipping; Table 2, Figure 2). Where-
as, the body length of individual (c) decreased after clip-
ping, reducing from 15.5 mm (Gosner stage 41; day 0 
post-clipping; Table 2, Figure 2) to 13.0 mm (Gosner 
stage 46; day 6 post-clipping; Table 2, Figure 2). Similar-
ly, the body length of individual (d) decreased from the 
original length of 15.0 (Gosner stage 41; day 0 post-
clipping; Table 2, Figure 2) to 13.0 mm (Gosner stage 
46; day 6 post-clipping; Table 2, Figure 2). 
 
 

Figure 3. Genomic DNA (gDNA) concentration, PCR amplification results and sequencing data quality. A) Electro-
phoresis result of gDNA samples extracted from individuals (a), (b), (c) and (d) with DNA concentration measured 
with NanoDrop Spectrophotometer. B) PCR amplification of partial mtDNA 16S fragment for the four individuals with 
their percentage of untrimmed base in a sequence chromatogram (HQ/%). C) De novo assembly of the 16S partial frag-
ment for contiguous sequences of forward and reverse reads obtained from sequencing of PCR amplicons of the four 
individuals. The colours highlight the quality of pairwise identity (%) obtained from the sequences alignment.  
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DNA quality and PCR performance 
 

Extracted genomic DNA (gDNA) from the tail tissues 
yielded an average concentration of 10.50 ± 2.94 ng/µl 
(mean ± SD) for individual (a), 31.55 ± 3.18 ng/µl for 
individual (b), 17.80 ± 0.49 ng/µl for individual (c) and 
12.8 ± 7.83 ng/µl individual (d) (Table 3, Figure 3A). 
For each sample, a clear single band of amplified PCR 
products was visible on the agarose gel, free of smears or 
primer dimer due to sufficient DNA template. The se-
quencing results showed a relatively high percentage of 
identification on the nucleotides sequencing read 
(HQ/%) for each forward and reverse reads (92.4 ± 
1.75%; Figure 3B). The de-novo assembly alignment for 
all four contig sequences for the four individuals showed 
excellent pairwise percentage (99.30 %) with a percent-
age identity of 99.60% (Figure 3C). 

 
DISCUSSION 
 

Despite the debated effect of tail clipping on fitness (Earl 
& Whiteman, 2015), we demonstrated that tail clipping 
at Gosner stage 34 and 41 does not have an adverse ef-
fect on the visible morphology, metamorphosis progress 
and survivorship of Rana huanrenensis tadpoles (Figure 
1). Each anuran species follows a specific ontogeny 
(Anganoy-Criollo 2013) with variations in development  
patterns (Johansson et al., 2010), and the pattern de-
scribed here may be specific to R. huanrenensis. Howev-
er, similar patterns of hind limbs visibility, number of 
margins in toes and tail resorption were observed in oth-
er ranid species, such as Rana japonicus, Rana 
[Lithobates] catesbeiana (Gosner stage 36), and 
Hylarana leptoglossa (Gosner stage 31-39; Saha & Gup-
ta 2011). This consistency is likely a result of the shared 
life histories in Ranidae (Urszán et al., 2015). Further-
more, tail regeneration over the course of several days 
post-clipping was also observed in late Gosner stage 
Xenopus tadpoles (Busack & Zug, 1976) and Osteopilus 
septentrionalis tadpoles (Koch & Wilcoxen, 2018). This 
commonality further indicates only minor variations in 
tail recovery in amphibian tadpoles, suggesting that the 
tail clipping procedure used here is applicable to Rana 
spp. in general and is likely to apply to other amphibian 
species with similar developmental stages (Behr & 
Rödder, 2018).  
 The differences in the tail length of clipped in-
dividuals at the end of experiments shows that the stress 
responses of tadpoles to tail-clipping is similar to that of 
failed predation events. Tail clipping, like failed preda-
tion, is a potential trigger to an increase in development 
speed (Kearney et al., 2016), and to induce tail growth 
(Maher et al., 2013). 
 We suggest to perform tail-clipping when the 
forelimbs are completely visible (Gosner stage 40;                 
                                      
  
 
 
 

Table 2) as it matches with an increase in development 
speed and switches between Gosner stages (Gosner 40-
46; Oielska 2009), but before the apoptosis of the tail 
muscles (Gosner stage 46; Nakajima et al., 2005). Gener-
ally, tissues apoptosis of amphibian larvae happens at the 
latest metamorphosis stages, when the regenerative capa-
bility is almost absent (Ishizuya-Oka et al., 2010), mak-
ing tadpoles more susceptible to tail injuries in compari-
son to earlier stages (Tapia et al., 2017). In addition, tail-
clipping at a very late stage of metamorphosis (Gosner 
stage 46 and above) also potentially prolongs the inflam-
mation of the injured muscle (Mescher et al., 2016). 

Our study shows that 3.0 mm length of clipped 
tail tip (Figure 1) is enough to yield sufficient DNA, with 
a negligible concentration of impurities (Figure 3) and to 
identify the species using DNA fingerprinting (Figure 3B 
and Figure 3C). Overall, this study demonstrates the effi-
ciency of minimal tail clipping as an ethical practice for 
non-lethal tissue samplings. 
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