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Abstract:  In this study, both long PCR and conserved primers walking sequencing methods were used to determine the complete 
sequence of the of Pyrgilauda ruficollis mitochondrial genome (KC836121). The results showed that the complete mitochondrial 
genome of P. ruficollis is 1 6909 bp in length with 55.0% A+T content, harboring the typical 37 genes. The mitogenome had the same 
gene order with that of Podoces hendersoni. All protein coding genes started with ATG codon, except ND3 with GTG. For the stop 
codon usage, most genes terminate with codons TAA or TAG, but ND5 terminated with AGA, while ND1 and COI genes with AGG, 
and both the genes COIII and ND4 have an incomplete termination codon (T). The secondary structures of 22 tRNA genes were also 
predicted, showing that all tRNAs can form typical clover-leaf secondary structures, except for the tRNASer (AGN) which loses the 
DHU arm, while tRNAPhe harbor an extra nucleotide inserted in the TψC arm. The predicted secondary structures of 12S rRNA and 
16S rRNA exhibit 47 helices in 4 domains and 60 helices in 6 domains respectively. The control region of P. ruficollis with the length 
of 1 305 bp was located between tRNAGlu and tRNAPhe, and typical domains of which could be found as other bird groups. Using the 
data from 13 mitochondrial protein-coding genes, results of a final phylogenetic analysis strongly supports the traditional view that P. 
ruficollis is closely related with Passeridae and Fringillidae. 
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To date, there are seven known snow finches 
(including genus/Montifringilla and Geospiza), six of 
them distributed in the Qinghai-Tibet Plateau and 
adjacent areas, and four of these are endemic to the area. 
There are different views and arguments on the 
classification of snow finches—one is that all seven 
snow finches exist as an independent genus (Howard & 
Moore, 1980). Ivanitskii (1992) and Gebauer & Kaiser 
(1994) however proposed dividing them into 
Montifringilla and Pyrgilauda, according to their 
ecological habits. Montifringilla would then include 
Montifringilla nivalis and Montifringilla adamsi, while 
Pyrgilauda would contain Pyrgilauda taczanowskii, 
Pyrgilauda ruficollis, Pyrgilauda blanfordi, Pyrgilauda 
davidiana and Pyrgilauda theresae. A later clustering 
analysis by Lei et al (2000) reframed the issue somewhat, 
with P. taczanowskii, P. ruficollis, P. blanfordi and P. 

davidiana tentatively classified into subgenus 
Pyrgilauda 1 or Pyrgilauda species group. A cladistic 
analysis by Lei et al (2001) also showed that P. 
davidiana, P. blanfordi and P. theresae have a close relat-
ionship and constitute a monophyletic group that forms a 
clade together with P. ruficollis, yielding the monoph-
yletic group of Pyrgilauda. The two most recent studies 
by Zheng (2012) and Gill & Donsker (2013) likewise 
classified P. ruficollis as Pyrgilauda, and their analysis is 
generally accepted by most researchers in the fields.  

The variety of findings from the studies on the snow 
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finches and the evolution in the utilized study 
methodologies underscores both the continued debate on 
taxonomy and phylogeny. Recently, it has become 
increasingly popular to usewhole mitochondrial genome 
sequencing to help settle some of the ongoing disputes 
and discrepancies in classifying animals and in 
developing a more complete picture of their evolution. 
Genetic studies on the mitochondrial gene can be used to 
resolve the phylogenetic relationships of high-level 
category (Simon et al, 2006), and also has a better 
resolution on the genetic relationship of subfamily, genus, 
inter-species and even the genetic structure of 
populations (Zhou et al, 2010). Rather surprisingly, as 
useful as these studies are, to date there has been no 
research regarding the mitochondrial genome sequencing 
and phylogenetic studies of Pyrgilauda ruficollis—a bird 
living mainly in Palaearctic areas, belonging to 
Passeridae in Passeriformes—and instead most 
phylogenetic studies on this species are mainly focused 
on morphological evidence, while a small amount reports 
on RAPD-PCR classification (Qu, 2006).  

In this study, we sought to remedy this deficiency 
by sequencing the mitochondrial genome of P. ruficollis, 
describing in detail the starting position, composition 
content and structural characteristics of each gene. We 
also attempted to predict and analyze the secondary 
structures of 22 tRNAs and two rRNA genes. To provide 
some new insights into this specie’s systematic evolution 
and the mitochondrial phylogenomics of Passeriformes, 
we analyzed the phylogenetic position of P. ruficollis 
based on protein-coding genes (PCGs) datasets of 32 
Passeriformes mitochondrial genomes published in 
NCBI using a molecular systematics method. 

MATERIALS AND METHODS 
Materials 

Samples of P. ruficollis were collected in Hot Sprin-
gs Village, Xinghai County, Hainan Prefecture, Qinghai 
Province on August 12, 2003, at an elevation of 3 960 m. 
Samples were immersed in absolute ethanol at −20 ℃, 
with replacement of alcohol several times. The voucher 
specimens (PJ917) were deposited in the Bird Herbarium 
at the Key Laboratory of Animal Systematic and 
Evolutionary, Institution of Zoology, Beijing, Chinese 
Academy of Sciences.  

 
Methods DNA extraction  

The total genomic DNA of P. ruficollis was extract-

ed and purified using traditional phenol-chloroform-isoa-
myl alcohol method (Yang et al, 2010) and stored in 
refrigerator prior to await further analysis. 

 
Primer design and PCR amplification 

According to the mitochondrial genome sequence of 
Podoces hendersoni (NC_014879) alongside the 39 
mitochondrial genomes of Passeriformes available from 
GenBank, we used ClustalX to align and search the 
highly conserved sequences, and then employed Primer 
Premier 5.0 to design 29 pairs of PCR amplification 
primers. The design process based on the principle of 
primer design, and referred to the primer location 
identified in Sorenson et al (1999) and Sorenson (2003). 
Oligo was then used to evaluate and modify each primer. 
Of these, six pairs of primers were selected for L-PCR, 
while the rest were used as Sub-PCR primers (primers 
synthesized by Shanghai Sangon Biological Engineering 
Technology Co.). The approximate location and approxi-
mate length of amplified fragment in the whole genome 
is listed in Supplementary Tables 1 and 2 (Supporting 
information of http://www.zoores.ac.cn/). 

Using 6 pairs of L-PCR primers, the whole mitoch-
ondrial genome of P. ruficollis was amplified with six 
overlapped large fragments (L1-L6), then Sub-PCR was 
used to amplify small fragments with length of 
500−1300 bp. PCR products were detected using 0.8% 
agarose gel electrophoresis. Good bands were cut and 
purified using DNA purification kit (U Gene), then the 
target fragments were sequenced. To assist with Sub-
PCR, some samples of the large fragments were stored. 

The total volume of the reaction system was 50 μL, 
with DreamTapTM Green PCR Master Mix (2×) 25 μL, 
Water, nuclease-free 22 μL, upstream and downstream 
primers (10 μmol/L) 1 μL for each, DNA template 1 μL. 
The reaction program of L-PCR was as follows; 93 ℃ 
denaturation for 2 min; (92 ℃ for 10 s, 58−53 ℃ for 30 s, 
68 ℃ 10 min) × 20 cycles; (92 ℃ 10 s, 53 ℃30 s, 68 ℃10 
min, and each cycle increases 20 s) × 20 cycles; 68 ℃ 7 min; 
4 ℃ incubation. The reaction program of Sub-PCR were as 
follows: 95 ℃ denaturation 4 min (95 ℃ 45 s, 53−58 ℃   
60 s, 72 ℃60 s) × 30 cycles; 72 ℃ 4 min, 4 ℃ incubation. 

 
Sequencing 

Using six pairs of L-PCR amplification primers, the 
whole mitochondrial genome of P. ruficollis was 
amplified with six large overlapping fragments (L1−L6), 
the regions of walking sequencing ineffective or poor 
coverage between long fragments were amplified using 
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Sub-PCR and then sequenced. Sequencing was comple-
ted by the Shanghai Sangon Biological Engineering 
Technology Company. 

 
Sequence assembly, annotation and analysis  

The Staden Package 1.7 was used for the 
sequencing assembly and annotation, tRNAScan-SE 1.21 
(http://lowelab.ucsc.edu/tRNAscan-SE/) was then 
applied to predict the secondary structure of the tRNA. 
The mitochondrial DNA sequences of P. hendersoni was 
used as the template during annotation. Using MEGA 5.0 
software (Tamura et al, 2011), basic group composition, 
codon usage frequency of protein genes and other 
information in mitochondrial genome were calculated.  

 
Phylogenetic analysis  

Using the protein-coding genes (PCGs) of 32 Pass-
eriformes species and 4 Anseriformes species published 
in NCBI (see Supplementary Table 3, Supporting info-
rmation of http://www.zoores.ac.cn/), as well as those 
obtained from P. ruficollis, we compiled a dataset to 
construct maximum likelihood (ML), Bayesian inference 
(BI) and maximum parsimony (MP) trees. The maximum 
likelihood method was implemented by RAxML 7.0.4 
(Stamatakis, 2006). The most suitable model (GTR+G) 
was selected by Modeltest3.7 (Posada & Crandall, 
1998).The process performed rapid bootstrap analysis, 
and searched for ML tree with best-scoring during a 
separate program. A random seed number started rapid 
bootstrap analysis, using model GTRGAMMA. Nodal 
support was evaluated using 1 000 replications of rapid 
bootstrapping implemented in RaxML. 

MrBayes 3.1 (Ronquist & Huelsenbeck, 2003) was 
used to reconstruct the BI tree with four Anseriformes spec-
ies acting as an outgroup. GTR + I + G modelwas selected 
as the optimal evolutionary model using Modeltest 2.2 
(Nylander, 2004). Four Markov chains (one cold chain and 
three hot chains) runs at one million generations, sampling 
every 100 generations, were used. The first 1000 samples 
were discarded as burn-in, and consensus tree was then acq-
uired with the posterior probability (PP) in each branches. 

PAUP * 4.0b10 was used to construct MP tree with 
a 1 000 bootstrap resampling test. 

RESULTS 
Composition and gene arrangement  

The mitochondrial genome of P. ruficollis contains 
13 protein-coding genes (PCGs), 22 tRNA genes, 2 

rRNA genes (lrRNA and srRNA) and a non-coding 
control region (D-Loop region), with length of 16 909 
bp (GenBank accession number KC836121). The 
position of the 37 other genes (see Table 1) were 
identical to those other published Passeriformes species. 
In general, gene arrangement is quite tight, and adjacent 
genes have little or no non-coding nucleotides except 
for in the control region. There are a total of 30 bp 
overlapping sequences between 7 genes with length of 
1−10 bp. There are 105 bp interval sequences between 
18 pairs of genes with length of 1−22 bp. The largest 
intergenic region was 22 bp, located between the 
tRNAleu (UUR) and ND1 gene. Finally, 12 pairs of genes 
had neither overlap nor interval. 

 
Nucleotide composition 

The base content of P. ruficollis mtDNA was C > A 
> T > G, with the content of G + C% is slightly greater 
than A + T%, but we observed no significant difference. 
The content of the four bases are very close, which is 
consistent with mitochondrial genome base content 
known for the vast majority of reported birds. Base 
content in protein-coding genes is most similar to the 
entire mitochondrial genome. One issue in the base 
content of different codons was that the third codon of P. 
ruficollis exhibited some fluctuations, which is in line 
with the findings reported by Gao et al (2009) which 
noted the third base content of different codons in 74 
mitochondrial genomes of birds, suggesting that the base 
changes in the mitochondrial genome were mainly 
caused by the changes of the third codon. 

 

Protein-coding genes and codon usage 
The length of 13 protein-coding genes in P. 

ruficollis were equal to those of the other published Pass-
eriformes species. All protein-coding genes used ATG as 
an initiation codon, except the COI gene which was GTG. 
TAA is also the most commonly termination codon, but 
ND1 and COI genes used AGG as termination codons, 
while ND5 gene used AGA, and COIII and ND4 genes 
had an incomplete termination codon T. The remaining 
genes used typical TAA or TAG. Relative synonymous 
codon usage in P. ruficollis was also similar to that found 
in other birds. Leu, Thr, Ala, Ser and Ile had the highest 
frequency in 3 787 encoded amino acids, accounting for 
49.41% of the total observed content. 

 

Secondary structure of tRNA 
Totally, there are 22 tRNAs in the P. ruficollis 

mitochondrial genome, including 14 located on the heavy 
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Table 1 Composition of the Pyrgilauda ruficollis mitochondrial genome 

Gene Coding strand Start position End position Length Intergenic length Initiation codons Termination condones 

tRNAPhe H 1 68 68    

SrRNA H 69 1046 978 0   

tRNAVal H 1047 1116 70 0   

LrRNA H 1117 2713 1597 0   

tRNALeu(UUR) H 2714 2788 75 0   

ND1 H 2811 3788 978 22 ATG AGG 

tRNAIle H 3794 3865 72 5   

tRNAGln L 3872 3942 71 6   

tRNAMet H 3942 4010 69 −1   

ND2 H 4011 5051 1041 0 ATG TAA 

tRNATrp H 5051 5120 70 −1   

tRNAAla L 5122 5190 69 1   

tRNAAsn L 5202 5276 75 11   

tRNACys L 5277 5343 67 0   

tRNATyr L 5343 5413 71 −1   

COI H 5415 6965 1551 1 ATG AGG 

tRNASer(UCN) L 6957 7029 73 −9   

tRNAAsp H 7033 7101 69 3   

COII H 7108 7791 684 6 ATG TAA 

tRNALys H 7793 7862 70 1   

ATP8 H 7864 8031 168 1 ATG TAA 

ATP6 H 8022 8705 684 −10 ATG TAA 

COIII H 8713 9496 784 7 ATG T 

tRNAGly H 9497 9565 69 0   

ND3 H 9566 9916 351 0 GTG TAG 

tRNAArg H 9918 9987 70 1   

ND4L H 9989 10285 297 1 ATG TAA 

ND4 H 10279 11656 1378 −7 ATG T 

tRNAHis H 11657 11726 70 0   

tRNASer(AGN) H 11727 11792 66 0   

tRNALeu(CUN) H 11792 11862 71 −1   

ND5 H 11863 13680 1818 0 ATG AGA 

CytB H 13689 14831 1143 8 ATG TAG 

tRNAThr H 14846 14926 81 14   

tRNAPro L 14928 14997 70 1   

ND6 L 15013 15531 519 15 ATG TAG 

tRNAGlu L 15533 15604 72 1   

A+T rich  15605 16909 1305 0   
 

chain and 8 on light chain. Anticodons used in P. ruficollis 
are the same as those in Pseudopodoces humilis. All tRNA 

secondary structure except for tRNASer (AGN) were predicted 
by tRNAScan-SE 1.21, and all of them form a typical  
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clover structure (Supplementary Figure 1, Supporting 
information of http://www.zoores.ac.cn/). There were 36 
mismatches in the 20 predicted tRNA secondary structures, 
though the remaining tRNALys and tRNAArg had no 
mismatch. Among these, there are 27 pairs of GU 
mismatches, and the remaining are as follow: 2 pairs AC 
mismatch occurs in anticodon arm of tRNAAsp and amino 
acid acceptor arm of tRNAHis; 2 pairs AA mismatch 
located in TψC arm of tRNAAsp and the DHU arm of 
tRNATrp; 2 pairs of UU mismatches in the anticodon arm 
of tRNAGly and the TψC arm in tRNAMet; 3 pairs of CC 
mismatches in the anticodon arm of tRNAGly and amino 
acid acceptor arm of tRNALeu (UUR) and the TψC arm of 
tRNAPhe. The tRNASer (AGN) lacks a DHU arm, and a CC 
mismatch is present in the TψC arm of tRNAPhe. 

 
Secondary structure of rRNA 

The srRNA gene of P. ruficollis is located between 

tRNAPhe and tRNAVal with a length of 978bp. The 
predicted srRNA gene secondary structure 
(Supplementary Figure 2) is roughly the same as other 
published bird srRNA structures, containing four 
domains with 47 stem-loop structures. The lrRNA 
gene is located between tRNAVal and tRNALeu (UUR) with 
a length of 1 597 bp. The predicted lrRNA gene 
secondary structure of the P. ruficollis lrRNA gene 
contains six domains, containing 60 stem-loop 
structures (Supplementary Figure 3). 

 
Control region 

The control region of P. ruficollis is located between 
tRNAGlu and tRNAPhe with a length of 1 305 bp. Similar to 
the structure in P. hendersoni and Larus brunnicephalus 
(Yang et al, 2012), the control region of P. ruficollis 
contains an F, E, D, C, B domain, and conserved seque-
nce blocks (CSB) (Figure 1 ) . 

 

Figure 1 Structure of Pyrgilauda ruficollis mitochondrial control region 
 

Phylogenetic analysis 
The maximum likelihood (ML), Bayesian inference 

(BI) and maximum parsimony (MP) trees based on PCG 
dataset of 33 Passeriformes and 4 Anseriformes species 
are shown in Figure 2. 

The tree topology obtained via three different 
methods are generally similar. The main difference is 
that ML and MP trees support the partition of Oscines 
and Suboscines, while the BI tree supports that Acanthis-
itta chloris is the sister group with Oscines and Subos-
cines. In Passerii, Menuridae is the sister group with 

Corvida and Passerida, and the monophyly of Passerida 
and Corvida except for Menuridae is supported. In the 3 
superfamily of Passerida, Sylvioidea is located at the 
base of the trees, and the evolutionary relationship of 
Passeroidea and Musicicapoidea is closer. Several families 
of Sylvioidea formed a clade, except P. humilis gathered 
together with Musicicapoidea. Pycnonotidae, Acroceph-
alidae, Sylviidae and Timaliidae are mutually sister group. 
Among them, the relationship of Pycnonotidae and 
Acrocephalidae is closer, while Sylviidae has a close 
relationship with Timaliidae. InPasseroidea, P. ruficollis 
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      Figure 2   ML tree (a), BI tree (b), and MP tree (c) reconstructed using complete mitochondrial PCG sequence data sets 

a 
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is close to Fringillidae, but has certain distant with 
Estrildidae. Musicicapoidea is divided into Sturnidae and 
Turdidae, and P. humilis get together with Turdidae.  

DISCUSSION 
The cytosine insertion phenomenon in ND3 gene 

According to Gao et al (2009), cytosine insertion 

phenomenon in ND3 gene was found in almost all of the 
Palaeognathae species while most Neognathae species 
had no such phenomenon. The ND3 sequence of P. 
ruficollis and four Passeriformes published in NCBI 
shows no cytosine insertion phenomenon at position 174 
(Figure 3). 

 

 

Figure 3 Comparison on the 174 site of the mitochondrial ND3 gene sequence among five representative avian species  
 

Secondary structure of tRNA 
The TψC arm of tRNAPhe  in the P. ruficollis 

mitochondrial genome has no “C” insertion but forms a 
CC mismatch, which is different from other Passerifo-
rmes species (Figure 1, Box 1) . This findings is differs 
from that in Harrison et al (2004), in which three 
matching forms of TψC arm in tRNAPhe in the avian mit-
ochondrial genome is normally present (Figure 4a－c). 
This result also differs from that reported by Yang et al 
(2012) regarding the Larus brunnicephalus mitochondrial 
genome (Figure 4-d). It is generally accepted that form 
one (Figure 4-a) is the ancestor form of modern birds, 
and commonly exist in four Model populations and owls. 
Form two meanwhile (Figure 4-b) in prevalent in modern 
birds, and is more primitive than form three, which is 
itself a derviative of form two that has lost guanine (G). 
According to statistics, TψC arm of tRNAPhe has a “C” 

insertion in the majority of published Passeriformes 
species (Figure 4-b), while the TψC arm of tRNAPhe in 
P. ruficollis formed a CC mismatch (Figure 4-e). The 
DHU arm is also missing in the tRNASer (AGN) gene, which 
is common in many Vertebrate mitochondria including 
avians (Wolstenholme, 1992a, b). The missing length of 
the DHU arm of tRNASer (AGN) gene gets shorter from 
invertebrates to higher vertebrates. An earlier study 
about mammal tRNASer (AGN) showed that they can form 
potential L-shaped structure to maintain the distance 
between the anticodon arm and CCA acceptor arm 
(Hanada et al, 2000). The function of tRNA transferring 
specific amino acids and tertiary structure of L shape are 
maintained by the amino acid acceptor arm and 
anticodon arm, while the TΨC loop and DHU loop as 
well as the corresponding arms seems to not inhibit the 
function of tRNA (Dirheimer et al, 1995; Wolstenholme 
et al, 1994). 

 

Figure 4 Comparison of the mitochondrial tRNAPhe TψC arm structure among five representative avian species  
 
Secondary structure of rRNA 

The single-stranded loop region and double-
stranded stem region are alternately arranged in the 
rRNA gene, being subject to different selection pressures. 
In general, the loop region has very fast evolution, with 
high variability between species, while stem region is 
relatively conserved (Noller, 1984; Woese et al, 1980). 

However, there are some stem regions containing the 
same variable length as the loop region, and some loci 
with a higher variability, while some loop regions do 
have very conserved sequences (Simon et al, 1994; 
Vawter & Brown, 1993). Predicting the secondary 
structure of rRNA can help explain the function and 
evolutionary information of different sections observed 
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in the P. ruficollis rRNA genes, which can in turn help 
answer some issues in phylogeny.  

For srRNA, the secondary structure of Passerifor-
mes mitochondrial genome is very similar on the whole. 
The secondary structure of srRNA is the same in P. 
Ruficollis and Remiz consobrinus (Gao et al, 2013), and 
zone one in domain I has a extra base and a cytosine 
insertion compared to Gallus gallus (Eberhard et al, 
2001) and P. hendersoni (Ke et al, 2010) (Figure 5-a). A 
similar phenomenon is also appearea in Pharomachrus 
pavoninus (Espinosa De los Monteros A, 2003). There 
are 5 base pairs and 2 base pairs in zone 24 of Domain 
II of P. ruficollis and R. consobrinus respectively, while 

G. gallus and P. hendersoni have not formed into paired 
stems, and 3 base pairs were formed in Anas platyr-
hynchos and Coscoroba coscoroba, which has a promi-
nent cytosine insertion between the first and the second 
base pairs of the left stem. Moreover, the loop region has 
more differences among species, indicating that this regi-
on has great variability in different species (Figure 5-b). 
Zone 39 in the stem region of P. ruficollis has a signif-
icantly reduced stem and relative increased loop regions 
compared to other species (Figure 5-c). Most Stem 
variations tend to arise from compensatory mutation, 
which can guarantee the conservation of secondary 
structure not interfered by primary sequence variation. 

 

Figure 5 Comparison of variable regions in rRNA secondary structure 
 

For lrRNA, the predicted secondary structure of P. 
ruficollis is identical with R. consobrinus, and is 
basically the same with P. hendersoni and Bos taurus 
(Burk et al, 2002). There are some differences: four 
species have formed a 15 bp base pairing stem in zone 19 
of domain II, and formed a hairpin structure stem-loop, 
while the length of this stem is 19 bp and 11 bp in P. 
hendersoni and B. taurus respectively, but the loop 
region in B. taurus is much larger than the other species 
(Figure 5-d). P. ruficollis, R. consobrinus and P. 
hendersoni formed a 2−4 bp matching in zone 24 of 
domain II, while B. taurus has matching bases in the 

same position (Figure 5-e). 
 

Control region 
Like vast majority of birds, one control region 

presented in P. ruficollis’ mitochondrial genome is locat-
ed between tRNAGlu and tRNAPhe with a length of 1305 
bp. The control region contains regulatory elements of 
mitochondrial DNA transcription and replication. It 
suffered high variability according to under less evolutio-
nary pressures, causing it as the fastest evolution region 
in mitochondrial DNA. However, control region also 
includes some conservative fragment. According to the 
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structure information of control region in other species, 
we make a analysis and prediction to control region in P. 
ruficollis and determines the domains of F, E, D, C, B, 
CSB and Bird similarity (Figure 1 ). 

The control region in P. ruficollis mitochondrial 
genome has three domains, that is domain I, domain II 
and domain III, which is similar to other vertebrate. 
Domain II is more conservative, while domain I and 
domain III have heterogeneity in base composition and 
length (Baker & Marshall, 1997). 

The domain I in the control region contains an 
interrupted poly-C structure at 25−42 sites. In Gallifor-
mes and Anseriformes, this region and a short sequences 
below can form hairpin structures Ruokonen & Kvist 
(2002), while this phenomenon is not found in 
P.ruficollis, and the the causes is not clear. Refers to the 
termination associated sequence (TAS) of control region 
in L.brunnicephalus (Yang et al, 2012) and Chrysolophus 
pictus (Huang & Liao, 2011), we confirmed the TAS in 
P.ruficollis. 

We described the conservative box B, C, D, E and F 
in domain II of P. ruficollis based on P.hendersoni and 
L.brunnicephalus, and a more conservative Bird similar-
ity-box was founded before B-box. The specific function 
of these conserved boxes is not entirely clear, it may 
related to the formation of D loop and the regulation of H 
chain synthesis (Figure 1 ) . 

For domain III of control region, CSB1-3 boxes in 
vertebrates domain III are closely related to the replication 
initiation of mitochondrial genome (Yokobori & Pääbo, 
1995). CSB1 box in P. ruficollis is located 892−920 bp of 
domain III and is extremely conservative compared with 
other birds. According to CSB2-3 boxes description of C. 
pictus and A. chukar, we determined the position of CSB2/3 
boxes at 952 − 991 bp, but there is no obvious conservative 
box features founded in the sequence analysis. 

 
Phylogeny 

One of the major reasons for pursuing this study of 
the mitochondrial genome was to help answer some 
long-standing questions regarding how several of these 
avian species fit together. According to the phylogenetic 
tree we constructed in this study, the position of 
categories under Passeriformes are basically the same as 
those found in the other currently available studies. In 
general though, the mitochondrial genome data presented 
in this study supports the division of Passeriformes by 
Sibley & Ahlqulst (1990). In the aspect of Suboscines, 

the position of Acanthisitta chloris is different in 
different phylogenetic tree. One is that A. chloris is 
clustered with Cnemotriccus fuscatus and Smithornis 
sharpie, and another is located in the base of 
Passeriformes, which is the sister group to Oscines and 
Suboscines. The former is consistent with the conclusion 
of traditional morphological classification (Mayr & 
Greenway, 1956) and DNA hybridization studies (Sibley 
& Ahlqulst, 1990), while the latter is supported by the 
study based on nuclear genes and mitochondrial genes 
(Pacheco et al, 2011; Ericson et al, 2002 ). From this 
perspective, the specific location of A. chloris needs to 
be verified using more molecular markers. 

For Suboscines, there were many conclusions 
drawn from difference taxa being different from 
traditional conclusions reached by taxonomy and DNA 
hybridization. Menuridae was placed in Suboscines 
according to traditional taxonomy (Mayr & Greenway, 
1956), while it was served as a superfamily under 
Corvida of Oscines based on DNA hybridization 
(Sibley & Ahlqulst, 1990). Our results, meanwhile, are 
consistent with the majority study conclusions based 
on DNA sequences (Barker et al, 2002; Ericson et al, 
2002), supporting the contention that Menuridae is the 
sister group with Corvida and Passerida. 
Unfortunately this is largely a preliminary 
investigation the reliability of this phenomenon has 
yet to be tested, and the mainly reason is inadequate 
taxon sampling. Perhaps further studies can shed some 
light on this issue. 

For Passerida, the partition of its three general 
superfamilies are basically consistent with the results of 
our study. That said, for P. humilis, which was moved 
from Corvidae to Paridae over the last debate, (James et 
al, 2003), the taxonomic status is still in doubt and its 
specific location in phylogenetic tree needs more 
research. In Passeroidea, Fringillidae first clustered into 
a branch, and then get together with P. ruficollis to form 
a large branch, which constituted a sister group. Finally, 
they gather together with the clade containing 
Taeniopygia guttata and Vidua chalybeate. According 
to this, we would speculate that T. guttata and V. 
chalybeate were first separated from Fringillidae, and P. 
ruficollis is the evolutional intermediate form. Though 
an interesting possibility, due to a dearth of data on 
Passeridae, we can make no definitive conclusions on 
the evolutionary position of P. ruficollis. We do 
however hope that this data can be paired with other 
datasets that will allow researchers to provide a more 
satisfactory answer. 



90 MA, et al. 

Zoological Research                        www.zoores.ac.cn 

 

References

Baker AJ, Marshall HD. 1997. Mitochondrial control region sequences 
as tools for understanding evolution. In: Mindell DP. Avian Molecular 
Evolution and Systematics. San Diego: Academic Press. 51-82.  

Barker FK, Barrowclough GF, Groth JG. 2002. A phylogenetic 
hypothesis for passerine birds: taxonomic and biogeographic 
implications of an analysis of nuclear DNA sequence data. Proceedings 
of the Royal Society B: Biological Sciences, 269(1488): 295-308.  

Burk A, Douzery EJP, Springer MS. 2002. The secondary structure of 
mammalian mitochondrial 16S rRNA molecules: refinements based on 
a comparative phylogenetic approach. Journal of Mammalian 
Evolution, 9(3): 225-252.  

Cerasale DJ, Dor R, Winkler DW, Lovette IJ. 2012. Phylogeny of the 
Tachycineta genus of New World swallows: Insights from complete 
mitochondrial genomes. Molecular Phylogenetics and Evolution, 63(1): 
64-71.  

Dirheimer G, Keith G, Dumas F, Westhof E. 1995. Primary, Secondary 
and tertiary Structures of tRNAs. In: Hill WE, Dahlbert A, Garrett RA, 
Moore PB, Schlessinger D, Warner JR. tRNA: Structure, Biosynthesis 
and Function. Washington DC: American Society for Microbiology 
Press, 93-126.  

Eberhard JR, Wright TF, Bermingham E. 2001. Duplication and 
concerted evolution of the mitochondrial control region in the parrot 
genus Amazona. Molecular Biology and Evolution, 18(7): 1330-1342.  

Ericson PGP, Christidis L, Irestedt M, Norman JA. 2002. Systematic 
affinities of the lyrebirds (Passeriformes: Menura), with a novel 
classification of the major groups of passerine birds. Molecular 
Phylogenetics and Evolution, 25(1): 53-62.  

Espinosa De los Monteros A. 2003. Models of the primary and 
secondary structure for the 12S rRNA of birds: A guideline for 
sequence alignment. DNA Sequence, 14(4): 241-256.  

Gebauer A, Kaiser M. 1994. Biology and behavior of General Asiatic 
snow finches (Montifringilla) and mountain-steppe sparrows 
(Pyrgilauda). Journal of Ornithology, 135(1): 55-57.  

Gao RR, Huang Y, Lei FM. 2013. Sequencing and analysis of the 
complete mitochondrial genome of Remiz consobrinus. Zoological 
Research, 34(3): 228-237.  

Gao YK, Miao YW, Su XQ, Chi ZF, Yu B, Jiang F. 2009. A 
comprehensive analysis on 74 avian mitochondrial genome base 
compositions. Journal of Yunnan Agricultural University, 24(1): 51-58.  

Gill F, Donsker D. 2013. IOC World Bird List (version 3.3). Available 
at http://www.worldbirdnames.org. 

Hanada T, Suzuki T, Watanabe K. 2000. Translation activity of 
mitochondrial tRNA with unusual secondary structure. Nucleic Acids 
Symposium Series, 44(1): 249-250.  

Harrison GL, McLenachan PA, Phillips MJ, Slack KE, Cooper A, 
Penny D. 2004. Four new avian mitochondrial genomes help get to 
basic evolutionary questions in the late cretaceous. Molecular Biology 
and Evolution, 21(6): 974-983.  

Howard R, Moore A. 1980. A Complete Checklist of the Birds of the 
World. Oxford: Oxford University Press, 1-613.  

Huang ZH, Liao XJ. 2011. Structure of the mitochondrial DNA control 
region and genetic variation of Chrysolophus pictus. Life Science 
Research, 2011, 15(3): 223-228.  

Ivanitskii VV. 1992. On the social behavior of david’s snow finches 
(Pyrgilauda davidiana) and snow finches (Montifringilla nivalis). 
Zoologichesky Zhurnal, 70(9): 104-117.  

James HF, Ericson PGP, Slikas B, Lei FM, Gill FB, Olson SL. 2003. 
Pseudopodoces humilis, a misclassified terrestrial tit (Paridae) of the 
Tibetan Plateau: evolutionary consequences of shifting adaptive zones. 
Ibis, 145(2): 185-202.  

Kan XZ, Yuan J, Zhang LQ, Li X, Yu L, Chen L, Guo ZC, Yang JK. 
2013. Complete mitochondrial genome of the Tristram's Bunting, 
Emberiza tristrami (Aves: Passeriformes): The first representative of 
the family Emberizidae with six boxes in the central conserved domain 
II of control region. Mitochondrial DNA, 24(6): 648-650.  

Ke Y, Huang Y, Lei FM. 2010. Sequencing and analysis of the complete 
mitochondrial genome of Podoces hendersoni (Ave, Corvidae). 
Hereditas, 32(9): 951-960.  

Lei FM, Qu YH, Yin ZH. 2001. Phylogeny of species of Montifringilla 
based on cladistic (Passeriform: Ploceidae). Acta Zootaxonomica Sinica, 
26(1): 1-7.  

Lei FM, Qu YH, Feng ZJ, Ran CZ. 2000. A tentative study on the snow 
finch (Montifringilla spp.) in China based on Clustering. Acta 
Zootaxonomica Sinica, 25(4): 467-473.  

Mayr E, Greenway JC. 1956. Sequence of Passerine families (Aves). 
Breviora, 58: 1-11.  

Mindell DP, Sorenson MD, Dimcheff DE, Hasegawa M, Ast JC, Yuri T. 
1999. Interordinal relationships of birds and other reptiles based on 
whole mitochondrial genomes. Systematic Biology, 48(1): 138-152.  

Mossman JA, Birkhead TR, Slate J. 2006. The whole mitochondrial 
genome sequence of the zebra finch (Taeniopygia guttata). Molecular 
Ecology Notes, 6(4): 1222-1227.  

Nilsson MA, Gullberg A, Spotorno AE, Arnason U, Janke A. 2003. 
Radiation of extant marsupials after the K/T boundary: evidence from 
complete mitochondrial genomes. Journal of Molecular Evolution, 
57(Suppl. 1): S3-S12.  

Noller HF. 1984. Structure of ribosomal RNA. Annual Review of 
Biochemistry, 53: 119-162. 

Nylander JAA. 2004. MrModeltest v2 [Computer software and manual]. 
Evolutionary Biology Centre, Uppsala University.  

Pacheco MA, Battistuzzi FU, Lentino M, Aguilar RF, Kumar S, 
Escalante AA. 2011. Evolution of modern birds revealed by 
Mitogenomics: timing the radiation and origin of major orders. 
Molecular Biology and Evolution, 28(6): 1927-1942.  

Posada D, Crandall KA, 1998. Modeltest: testing the model of DNA 
substitution. Bioinformatics, 14 (9): 817-818. 



 Sequencing and phylogenetic analysis of the Pyrgilauda ruficollis (Aves, Passeridae) complete mitochondrial genome 91 

Kunming Institute of Zoology (CAS), China Zoological Society Volume 35  Issue 2 

Qian C, Ren Q, Kan X, Guo Z, Yang J, Li X, Yuan J, Qian M, Hu Q, 
Zhang L. 2013. Complete mitochondrial genome of the Red-billed 
Starling Sturnus sericeus (Aves: Passeriformes): The first representative 
of the family Sturnidae with a single control region. Mitochondrial 
DNA, 24(2): 129-131. 

Qu YH. 2006. Studies on systematic of Snow Finches (Montifringilla 
spp.). Master thesis, Shaanxi Normal University, Xi’an.  

Ronquist F, Huelsenbeck JP, 2003. MrBayes 3: Bayesian phylogenetic 
inference under mixed models. Bioinformatics, 19(12): 1572-1574. 

Ruokonen M, Kvist L. 2002. Structure and evolution of the avian 
mitochondrial control region. Molecular Phylogenetics and Evolution, 
23(3): 422-432.  

Sibley CG, Ahlquist JA. 1990. Phylogeny and Classification of Birds: A 
Study in Molecular Evolution. New Haven: Yale University Press.  

Simon C, Frati F, Bekenbach A, Crespi B, Liu H, Flook P. 1994. 
Evolution, weighting, and phylogenetic utility of mitochondrial gene 
sequences and a complication of conserved polymerase chain reaction 
primers. Annuals of the Etomological Society of America, 87(6): 651-
701.  

Simon C, Buckley TR, Frati F, Stewart JB, Beekenbaeh AT. 2006. 
Incorporating molecular evolution into phylogenetic analysis, and a 
new compilation of conserved polymerase chain reaction primers for 
animal mitochondrial DNA. Annual Review of Ecology, Evolution, and 
Systematics, 37(1): 545-549.  

Singh TR, Shneor O, Huchon D. 2008. Bird mitochondrial gene order: 
insight from 3 warbler mitochondrial genomes. Molecular Biology and 
Evolution, 25(3): 475-477.  

Slack KE, Janke A, Penny D, Arnason U. 2003. Two new avian 
mitochondrial genomes (penguin and goose) and a summary of bird 
and reptile mitogenomic features. Gene, 302(1-2): 43-52.  

Slack KE, Delsuc F, McLenachan PA, Arnason U, Penny D. 2007. 
Resolving the root of the avian mitogenomic tree by breaking up 
long branches. Molecular Phylogenetics and Evolution, 42(1): 1-
13. 

Sorenson MD. 2003-02-14[2010-01-08]. Avian mtDNA primers. 
Boston: Boston University, http://people.bu.edu/msoren/Bird.mt.Prim-
ers.pdf.  

Sorenson MD, Ast JC, Dimcheff DE, Yuri T, Mindell DP. 1999. Primers 
for a PCR-based approach to mitochondrial genome sequencing in 
birds and other vertebrates. Molecular Phylogenetics and Evolution, 

12(2): 105-114.  

Stamatakis A, 2006. RAxML-VI-HPC: Maximum likelihood-based 
phylogenetic analyses with thousands of taxa and mixed models. 
Bioinformatics, 22(21): 2688–2690. 

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 2011. 
MEGA5: Molecular evolutionary genetic analysis using maximum 
likelihood, evolutionary distance, and maximum parsimory methods. 
Molecular Biology and Evolution, 28(10): 2731-2739. 

Vawter L, Brown WM. 1993. Rates and patterns of base change in the 
small subunit ribosomal RNA gene. Genetics, 134(2): 597-608.  

Woese CR, Magrum LJ, Gupta R, Siegel RB, Stahl DA, Kop J, 
Crawford N, Brosius J, Gutell R, Hogan JJ, Noller HF. 1980. 
Secondary structure model for bacterial 16S ribosomal RNA 
phylogenetic, enzymatic and chemical evidence. Nucleic Acids 
Research, 8(10): 2275-2293. 

Wolstenholme DR. 1992a. Animal mitochondrial DNA: structure and 
evolution. International Review of Cytology, 141: 173-216.  

Wolstenholme DR. 1992b. Genetic novelties in mitochondrial genomes 
of multicellular animals. Current Opinion in Genetics & Development, 
2(6): 918-925. 

Wolstenholme DR, Okimoto R, Macfarlane JL. 1994. Nucleotide 
correlations that suggest tertiary interactions in the TV-replacement 
loop-containing mitochondrial tRNAs of the nematodes, Caenor-
habditis elegans and Ascaris suum. Nucleic Acids Research, 22(20): 
4300-4306.  

Yang C, Lei F M, Huang Y. 2010. Sequencing and analysis of the 
complete mitochondrial genome of Pseudopodoces humilis (Aves, 
Paridae). Zoological Research, 31(4): 333-344.  

Yang C, Wang QX, Huang Y, Xiao H. 2012. Analysis of the complete 
mitochondrial genome sequence of Larusbrunnicephalus (Aves, 
Laridae). Hereditas, 34(11): 1434-1446.  

Yokobori S, Pääbo S. 1995. Transfer RNA editing in land snail 
mitochondria. Proceedings of the National Academy of Sciences of the 
United States of America, 92(22): 10432-10435.  

Zheng GM. 2012. Ornithology. 2nd ed. Beijing: Science Press.  

Zhou ZJ, Ye HY, Huang Y, Shi FM. 2010. The phylogeny of Orthoptera 
inferred from mtDNA and description of Elimaea cheni (Tettigoniidae: 
Phaneropterinae) mitogenome. Journal of Genetics and Genomics, 
37(5): 315-324.  

 



 Zoological Research  35 (2): 92−98                                                               DOI:10.11813/j.issn.0254-5853.2014.2.092 

 

Science Press Volume 35  Issue 2 
 

 
mRNA expression and DNA methylation in three key genes involved in 
caste differentiation in female honeybees (Apis mellifera) 

 
 
Xin-Liang SHAO1,2,3, Shao-Yu HE1,3,4, Xin-Ying ZHUANG2, Ying FAN1,3, Ya-Hui LI1,3,4,*,  
Yong-Gang YAO2 
 

1. College of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, China  
2. Key Laboratory of Animal Models and Human Disease Mechanisms of the Chinese Academy of Sciences & Yunnan Province, Kunming Institute of Zoology, 
Kunming 650223, China  

3. Eastern Bee Institute, Yunnan Agricultural University, Kunming 650201, China 
4. College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China 
 

Abstract: In honeybee (Apis mellifera) colonies, queens and workers are alternative forms of the adult female honeybee that 
develop from genetically identical zygotes but that depend on differential nourishment. Queens and workers display distinct 
morphologies, anatomies and behavior, better known as caste differentiation. Despite some basic insights, the exact mechanism 
responsible for this phenomenon, especially at the molecular level, remains unclear although some progress has been achieved. In 
this study, we examined mRNA levels of the TOR (target of rapamycin) and Dnmt3 (DNA methyltransferase 3) genes, closely 
related to caste differentiation in honeybees. We also investigated mRNA expression of the S6K (similar to RPS6-p70-protein 
kinase) gene linked closely to organismal growth and development in queen and worker larvae (1-day and 3-day old). Last, we 
investigated the methylation status of these three genes in corresponding castes. We found no difference in mRNA expression for 
the three genes between 1st instar queen and worker larvae; however, 3rd instar queen larvae had a higher level of TOR mRNA 
than worker larvae. Methylation levels of all three genes were lower in queen larvae than worker larvae but the differences were 
not statistically significant. These findings provide basic data for broadening our understanding of caste differentiation in female 
honeybees. 

 
Keywords: Caste differentiation; DNA methylation; DNA methyltransferase 3; Honeybee; Target of rapamycin 

The honeybee (Apis mellifera) is one of the most 
socially advanced and hitherto best-studied species in 
Hymenopterans (Amdam et al, 2004; Omholt & Amdam, 
2004). A honeybee colony is typically composed of a 
single queen, none to a few thousand drones (male) 
depending on reproductive requirements, and 20−40 
thousand workers (Winston, 1987). Queens and workers 
develop from genetically identical fertilized eggs, 
however, queens are twice as big as workers, have a 
much longer lifespan, are equipped with specialized 
anatomy and develop faster from egg to adult. Queens 
are fertile but workers are sterile. Workers perform 
various tasks that change with their age such as nest 
construction and cleaning, larva nursing, food processing 
and foraging and guarding, while the queens’ sole duty is 

laying eggs for the reproduction of their colonies 
(Camazine, 1991; Hoover et al, 2005; Kucharski et al, 
2008; Page & Peng, 2001; Rueppell et al, 2005, 2007).1  

Caste differentiation in social insects has been inve-
stigated over several decades and the honeybee has been 
used as a model animal since the eighteenth century 
(Corona et al, 1999; Cristino et al, 2006; Page & Peng, 
2001; Patel et al, 2007; Rembold et al, 1974; Wheeler et 
al, 2006). Consequently, the association between nouris-
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hment and developmental trajectory has been recognized 
for more than 100 years (Corona et al, 1999; Patel et al, 
2007). It is clear that queen-destined larvae are fed royal 
jelly, whereas other female larvae are fed worker jelly. 
Royal jelly contains approximately 12% sugar (wet mass) 
while worker jelly has only 4% sugar (Corona et al, 1999; 
Ishay et al, 1976). In addition, protein type and content 
are different between royal and worker jelly. In a recent 
study, Kamakura (2011) showed that royalactin in royal 
jelly induces the differentiation of honeybee larvae 
into queens through an epidermal growth factor 
receptor-mediated signaling pathway. However, whether 
other mechanisms regulate caste differentiation remains 
unknown. 

Many aspects of honeybee biology have benefited 
from new molecular biological technologies and the 
accomplishment of whole genome sequencing of Apis 
mellifera (Honeybee Genome Sequencing Consortium, 
2006). The third to fourth day in larval development is a 
critical period of gene expression/regulation during 
diphenic caste development in female honeybees (Barc-
huk et al, 2007; Corona et al, 1999; Evans & Wheeler, 
1999; Wheeler et al, 2006). TOR (target of rapamycin) is 
a nutrient- and energy-sensing kinase and a key player in 
the caste determination pathway in Apis mellifera; 3rd 
instar queen larvae have about two-fold higher TOR 
mRNA levels than 3rd instar worker larvae (Patel et al, 
2007). Using rapamycin/FK506 pharmacology and RNA 
interference (RNAi) gene knockdown methods, Patel et 
al (2007) proved that in queen-destined larvae, rapam-
ycin can specifically inhibit the activity of TOR and ind-
uce the development of worker characteristics, and that 
TOR gene knockdown shifts larval developmental fate 
from queen-destined to worker (Patel et al, 2007). Anoth-
er important discovery is that fruit flies and mice 
deficient in S6K, another kinase governing cell growth, 
exhibit severe abnormalities such as developmental delay 
and smaller body sizes (Montagne & Steward, 1999; 
Shima et al, 1998). 

DNA methyltransferase Dnmt3, which is in charge 
of de novo methylation of cytosines in CpG dinuc-
leotides of genomic DNA, is a possible key driver of 
epigenetic global reprogramming in honeybees 
(Kucharski et al, 2008). When treated with Dnmt3 
siRNA in newly hatched honeybee larvae, most worker-
destined individuals emerge as queens with fully 
developed ovaries (Kucharski et al, 2008). Further, 
Kucharski et al (2008) have shown that silencing Dnmt3 

can cause widespread gene expression changes and shifts 
the larvae developmental trajectory. 

Based on these findings, we speculated that the TOR, 
S6K and Dnmt3 genes are differentially expressed in 3rd 
instar queen and worker larvae and were eager to know if 
the activities of TOR and S6K are regulated through 
DNA methylation by Dnmt3. Lower methylation levels 
of DNA can promote mRNA expression (Jones & 
Gonzalgo, 1997; Razin, 1998; Weiss & Cedar, 1997; 
Wolffe et al, 1999; Yamada et al, 2008) in vertebrates. 
Here, we measured mRNA expression levels of TOR, 
S6K and Dnmt3 and examined CpG methylation levels 
for these genes in queen and worker 3-day old larvae 
(using gene expression patterns of 1st instar larvae as the 
control). Our results indicate the relative quantity of TOR 
mRNA level in 3rd instar queen larvae is higher than in 
worker larvae, but there is no difference in S6K or Dnmt3 
mRNA levels between queens and workers. The CpG 
methylation quantities of the three genes in queen larvae 
are lower (~20%) than in worker larvae, but the differe-
nces are not statistically significant.  

MATERIALS AND METHODS 
Honeybee larvae 

Honeybee larvae were raised in a strong double 8 
frame hive using a queen excluder. The colony was fed 
1:1 w/v sugar water at the rate of 500 mL every 
second day. The queen was confined to lay eggs in a 
square (20 cm×20 cm) of empty comb using wire gauze. 
Newly emerged larvae were grafted into queen cups 
using a transferring tool and remaining larvae in the 
comb were raised as worker larvae. Queen cups were 
carefully placed in the centre of the top box. After 24 and 
72 h larvae were collected for experimentation (Kuc-
harski et al, 2008). 

 
DNA extraction 

Nine larvae (queen or worker) from the hive were 
pooled together for DNA extraction using the TIANamp 
Genomic DNA kit (DP304). The procedure was perfor-
med as described by the manufacturer.  

 
RNA isolation and reverse transcription 

Live larvae were grafted into 1.5 mL Eppendorf 
centrifuge tubes and frozen in liquid nitrogen immed-
iately. RNA extraction was performed using Trizol accor-
ding to the manufacturer’s instructions (Invitrogen, 
Cat.No.15596026). We collected larvae from two bee 
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colonies (A and B). In colony A, a total of 48 1st instar 
larvae (queen, n=24; worker, n=24) and 52 3rd instar 
larvae (queen, n=26; worker, n=26) were used for total 
RNA isolation; for colony B, 46 1st instar larvae (queen, 
n=23; worker, n=23) and 47 3rd instar larvae (queen, n=24; 
worker, n=23) were used. Reverse transcription was 
performed using reverse transcriptase (Promega, Catalog# 
M1701) following the manufacturer’s instructions. 

 
Quantification of TOR, S6K and Dnmt3 mRNA levels 
in queen and worker larvae 

TOR, S6K and Dnmt3 mRNA levels were deter-
mined by using real-time PCR following previously 
described methods (Amdam et al, 2004; Patel et al, 2007) 
(Table 1). In brief, real-time PCR was performed in a 
total volume of 20 µL reaction solution, containing 
SYBR mix 10 µL, cDNA 1 µL, Primer 1 (1 µmol/L) 1 µL, 
Primer 2 (1 µmol/L) 1 µL and ddH2O 7 µL. Target 
fragments were amplified under the following thermal 
cycle conditions: a denaturation cycle for 3 min at 95 oC, 
followed by 40 cycles of 10 s at 94 oC, 10 s at 58 oC and 
10 s at 72 oC. The signal was collected at 72 oC per cycle. 

Table 1 Primers for quantifying mRNA levels and DNA 
methylation levels of the TOR, S6K and Dnmt3 genes 

Gene Primer sequence (5'−3') Length of 
fragment (bp)

For real-time PCR 

TOR F: CTGCCACATTACCAAAGAAAGG 
R: AACTTGACGTTGAACACTCAATG 170 

S6K F: TAAATGCTAGAAGTCCACGTAGAG 
R: TTAGCCTATTTCGATCATTTCTG 150 

Dnmt3 F: ACTCGAATGTGGAACACCTGG 
R: GTCTTGGTCTATCTCGCTCGC 155 

Actin F: GTATGCCAACACTGTCCTTTCTG 
R: AAGAATTGACCCACCAATCCA 160 

For examination of DNA methylation 

Distal primer pair 
F: GATGGTTTTAGGTTATGATTA 
R: ACACTACATAATACTCCTTTC 

615 

TOR 
Proximal primer pair 
F: TTATGATTATTTTATGTTTATG 
R: ATAACAATAAAAAAATCTAATAC 

573 

Distal primer pair 
F: AAGTGAATTTGTTAATAGAG 
R: CGATCATTTCTATATCTTCTAC 

481 

S6K 
Proximal primer pair 
F: GTTAATAGAGTATTTTAAGTGTG 
R: ATCCAACTCCATTATATCTAC 

441 

Distal primer pair 
F: TTTTTGGGATGGTGATTATTTG 
R: ACAAACCTAAAAACATCTATCCTCT 

1205 

Dnmt3 
Proximal primer pair 
F: GATAAAGAAGATTGTTTAAGGT 
R: AATTTCTAAAAACATCTATCTTC 

476 

All primers were designed in this study.  

Examination of DNA methylation  
Total DNA Bisulfite conversion was carried out 

using the QIAGEN EpitectR Bisulfite Kit (Code No. 
59104) as recommended by the manufacturer. Conve-
rted DNA was amplified using gene-specific primers 
(Table 1) in a volume of 20 μL containing 10×PCR Buffer 
2 μL, dNTP 1.6 μL, LA Taq DNA polymerase 0.2 μL, 
Primer 1 (10 µmol/L) 0.4 µL, Primer 2 (10 µmol/L) 0.4 μL, 
DNA template 1 μL, ddH2O 14.4 μL. PCR amplifica-
tion was performed with an initial denaturation cycle 
for 5 min at 95 oC, followed by 40 cycles of 1 min at 95 oC, 
1 min at 50 oC and 1 min at 72 oC. We used 0.5 μL of 
the first PCR product as template for the second round 
of PCR amplification under the same thermal cycle 
conditions. Purified PCR products were cloned into 
PGM-T vector (TIANGEN, VT202-02). Recombinant 
clones were selected by plating the transformed DH5α 
cells (TIANGEN, CB101) onto Amp+ LB plates. Fourt-
een to 20 clones were chosen for each fragment for 
sequencing.  

 
Data analysis 

Analyses were performed with Prism 4.0. t-test was 
performed on differential expression in queen and 
worker larvae. A P value < 0.05 was considered statisti-
cally significant. 

RESULTS 
mRNA levels for TOR are different between queen 
and worker 3rd instar but not 1st instar larvae 

Using the 1st and 3rd instar queen and worker 
larvae reared in colony, we measured the relative mRNA 
levels of the TOR, S6K and Dnmt3 genes. We found no 
difference in expression between 1st instar queen and 
worker larvae (Figure 1). However, TOR mRNA expres-
sion levels in 3rd instar queen larvae were higher than in 
worker larvae, whereas there were no differences for S6K 
and Dnmt3 mRNA levels between 3rd instar queen and 
worker larvae (Figure 2). To confirm our results, we 
examined another colony (Colony B) and obtained 
similar results (Figure 1, Figure 2). 

 
In 3rd instar larvae, DNA methylation level is lower 
in queen larvae than in worker larvae but the diffe-
rences are not significant  

To ascertain whether the mRNA expression of TOR, 
S6K and Dnmt3 are regulated by DNA methylation we 
examined methylation levels for these genes in 3rd instar  
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Figure 1 Comparison of relative quantity (RQ) of TOR gene (A), S6K gene (B) and Dnmt3 gene (C) mRNA levels in 1st instar larvae 
In a natural environment, there was no difference between queen and worker mRNA expression levels for the three genes in 1st instar animals (Colony A: TOR 
gene, t=0.3534, df=46, P= 0.3395; S6K gene, t=0.4003, df=46, P=0.1220; Dnmt3 gene, t=0.8774, df=46, P=0.0288; Colony B: TOR gene, t=0.4189, df=44, 
P=0.6773; S6K gene, t=1.475, df=44, P=0.1472; Dnmt3 gene, t=0.3535, df=44, P=0.7254). W: Worker; Q: Queen; Bars are mean + s. e.; 1st : 1-day old larvae. 

 
Figure 2 Comparison of relative quantity (RQ) of TOR gene (A), S6K gene (B) and Dnmt3 gene (C) mRNA levels in 3rd instar larvae 

In a natural environment, TOR mRNA expression in the 3rd instar queen larvae is higher than in worker larvae (Colony A: t=2.294, df=50, P=0.0260; 
Colony B: t=3.289, df=45, P=0.0020), whereas mRNA expression levels of the S6K gene (Colony A: t=0.3951, df=50, P=0.6944; Colony B: t=1.874, 
df=45, P=0.0674) and Dnmt3 gene (Colony A: t=0.1135, df=50, P=0.9101; Colony B: t=0.3640, df=45, P=0.7176) did not differ between queen and worker 
larvae. W: Worker; Q: Queen; Bars are means + s.e.; 3rd: 3-day old larvae; asterisk: significant difference. 

 
larvae (1st instar larvae were not analyzed as we did not 
see any change in mRNA expression for these three 
genes). Previous studies found that CpG methylation in 
Apis targets most coding exons (Kucharski et al, 2008; 
Wang et al, 2006). Therefore, for the TOR gene, we 

chose exon 4 which contains 18 CpG dinucleotides as the 
target region for examination. The overall amount of 
TOR methylation is 14.3% in queen larvae versus 17.5% 
in worker larvae (Figure 3A). For the S6K gene, we 
screened exon 10, which contains 7 CpG dinucleotides, 
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and we found that the overall amount of S6K methylation 
in the queen larvae (17.5%) was lower than that of 
worker larvae (19.8%) (Figure 3B). For the Dnmt3 gene, 
we also observed a lower level of methylation in queen 
larvae (5%) than in worker larvae (6.2%) when we 
focused on exon 9 of this gene, which harbors 13 CpG 

dinucleotides (Figure 3C). Overall, the CpG methylation 
quantities of all three genes in queen larvae were around 
20% lower when compared with worker larvae (Figure 3). 
However, these data were not statistically different, 
probably due to the limited number of individuals 
analyzed in this study. 

 

Figure 3 Comparison of methylation level of cytosines in CpG dinucleotides in exon 4 of the TOR gene (A), exon 10 of the S6K 
gene (B) and exon 9 of the Dnmt3 gene (C) 

Overall methylation for each gene is shown in the left graph and the percentage of methylation for individual CpGs is listed in boxes on the right. DNA was 
isolated using 9 pooled 3rd instar worker larvae (W) or 3rd instar queen larvae (Q) collected from the hive. The number of clones sequenced for each fragment 
for worker larvae or queen larvae is listed on the top of the bar in each figure. Ellipses indicate CpGs. W: worker, Q: queen. 3rd : 3-day old larvae. 
 
DISCUSSION 

The involvement of nutrition in diphenic develop-
ment in female honeybees has long been recognized 
(Maeterlinck 1901), but insufficient knowledge has been 
accumulated regarding the molecular mechanisms 
regulating diverse developmental fates. Recently, studies 
have demonstrated that two proteins, TOR and DNA 
methyltransferase Dnmt3, play pivotal roles in caste 
differentiation in Apis mellifera (Kucharski et al, 2008; 
Patel et al, 2007). TOR is known to be a serine/threonine 
kinase that controls growth in response to nutrition. Patel 
et al (2007) found that high expression of the TOR gene 
is essential for a larva to become a queen and Kucharski 
et al (2008) indicated that knockdown of the Dnmt3 gene 
in worker-destined larvae results in queen development. 
Some reports demonstrate that DNA methyltransferase 
can inactivate or suppress a gene by DNA methylation 

(Jones & Gonzalgo,1997; Razin,1998; Weiss & Cedar, 
1997; Wolffe et al, 1999; Yamada et al, 2008). Consistent 
with the report by Patel et al (2007), the mRNA 
expression levels of TOR measured here were higher in 
3rd instar queen larvae than worker larvae (Figure 2). 
However, there was no difference for TOR mRNA levels 
in 1st instar queen and worker larvae (Figure 1). This 
result suggests that TOR plays its regulatory role in a 
critical period of development, providing new molecular 
evidence to confirm the previous finding that the 3rd 
instar is a critical point for honeybee caste division (de 
Wilde & Beetsma, 1982; Handre & Lees, 1985). No 
significant difference in DNA methylation levels of the 
TOR gene was found between queen and worker larvae, 
although worker larvae had a relatively lower level of 
DNA methylation (Figure 3). In addition, there was no 
difference in mRNA expression of Dnmt3 in both larvae 
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(Figure 2) and this observation implies that TOR mRNA 
expression may not be mediated by Dnmt3 via DNA 
methylation.  

S6K is another kinase that controls cell growth. The 
fact that knockout of the S6K gene in fruit flies and mice 
results in extreme developmental delay and smaller 
bodies (Montagne & Steward, 1999; Shima et al, 1998) 
led us to hypothesize that S6K may be involved in caste 
differentiation in honeybees. We showed that mRNA 
expression of the S6K gene in queen larvae was slightly 
higher than worker larvae at the 3rd instar (a critical dev-
elopmental stage for caste determination), although this 
did not reach statistical significance (Figure 2). Consis-
tent with mRNA expression patterns, we found a slightly 
lower level of DNA methylation of the S6K gene in queen 
larvae than in worker larvae. Combined with the report by 
Kamakura (2011) that suppression of S6K with RNAi 
inhibited the increase to adult size induced by royal jelly, 
we speculate that S6K may play a role in honeybee caste 
differentiation. Further study regarding the role of S6K in 
honeybee caste diphenism is clearly essential.  

In our DNA methylation experiment we chose one 
exon as the target to estimate the overall methylation 
quantity of each gene. Although CpG methylations may 
be heterogeneous throughout the gene, at least 7 CpGs in 
our target fragment are capable of representing the 
overall methylation level by and large, as demonstrated 
in previous studies (Kucharski et al, 2008; Wang et al, 
2006). In spite of the fact that some special genes have 
alternative exons, DNA methylation or other epigenetic 
modifications are correlated with alternative splicing 
patterns (Chittka & Chittka, 2010; Luco et al, 2011; Lyko 
et al, 2010) and methylation promotes expression 

of some neurogenic genes by functionally antagonizing 
Polycomb repression (Wu et al, 2010). Reducing the 
DNA methylation quantity of a gene can facilitate its 
expression for the overwhelming majority of genes. 
Nevertheless, it is difficult to determine the direct 
relationship between DNA methylation and mRNA expr-
ession of certain genes because widespread gene expres-
sion differences can be caused by changes to a small 
number of upstream regulators (Carone et al, 2010). 
Differences in protein expression between 3-day old 
worker and queen larvae are known, indicating that the 
fate of queen and worker larvae have already been 
decided before the 3rd instar (Li et al, 2010).  

In conclusion, we investigated mRNA expression 
and DNA methylation of Dnmt3, TOR and S6K in 
queen and worker-destined larvae in order to 
determine if mRNA expression of TOR and S6K is 
controlled by Dnmt3 through DNA methylation. Our 
results showed no difference in gene expression 
(except for TOR) between 3rd instar queen and worker 
larvae. In addition, DNA methylation levels of these 
three genes in both larvae did not differ, although 
queen larvae had a relatively lower level of 
methylation. These results suggest that mRNA 
expression of TOR might not be regulated by Dnmt3; 
whether S6K is regulated by Dnmt3 remains obscure. 
Thus, the significance of CpG methylation in exons in 
honeybees needs to be reevaluated.  
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Abstract: The Dmrt family of genes are involved in sex differentiation in different species of invertebrates, and some vertebrates 
including human. In this study, we cloned the full-length cDNA of ayu (Plecoglossus altivelis) Dmrt1 and DmrtA2. Sequence and 
phylogenetic tree analyses showed ayu Dmrt1 showed highest similarity to that of Oncorhynchus mykiss while ayu DmrtA2 is most 
similar to that of Oryzias latipes. Fluorescence-based quantitative reverse transcription PCR (qRT-PCR) revealed the Dmrt1 was 
predominantly expressed in the testis. At the larval stages, Dmrt1 mRNA expression level was highest during 52–64 days post 
hatching (dph) and at the gastrula stage during embryonic development. DmrtA2, meanwhile, was specifically expressed in the ovary 
and was highly expressed in the female brain tissue, but not male brain tissue. During the larval stages, DmrtA2 expression remained 
high before day 34, and then fluctuated while generally decreasing. During embryonic development, DmrtA2 expression increased 
gradually and peaked at the hatching stage. Our data suggest that ayu Dmrt1 might participate in the differentiation and maintenance 
of testis while DmrtA2 may play a role in ovary-differentiation and mature-ovary maintenance. DmrtA2 might also participate in 
brain development. 
 
Keywords: Ayu; Dmrt; Sequence analysis; Expression 

The ayu (Plecoglossus altivelis; sweetfish) is a 
popular migratory fish and one of the most economically 
important freshwater fish in southeastern China and 
Japan due to both its perceived nutrition and taste. Bel-
onging to the class Osteichthyes, suborder Salmonoidei, 
and family Plecoglossidae, the ayu is also well-known 
for its comparatively fast reproduction cycles.  Paired 
with the consumer preference for the fish’s superior 
flavor and faint smell, the ayu has accordingly been 
called the “the King of Freshwater Fish” in Asia. The 
name may be more appropriately titles “the Queen of 
Freshwater Fish,” as the females reproduce more quickly 
and are more desirable for consumption, so much so that 
the sales price of female ayu is nearly double that of a 
male (Cao et al, 1981; Cao et al, 1982; Li et al, 1985; 
Wang et al, 1998). 

Given the consumer preference for females and the 
rise in the fishes popularity in Asia, finding a way to 
improve the breeding production and develop selective 
breeding and female seeding techniques may prove 
worthwhile. Observational research on the wild and the 
cultured populations of ayu showed that the adult male 

and female ayu display a sexual1size dimorphism, but 
for this study we wanted to take a more cohesive view 
of the underlying dimorphism. Accordingly, in this 
study analyzed the gonad transcriptome to identify the 
members of the sex-related double-sex and Mab-3-
related transcription factor (Dmrt) gene family. The 
Dmrt family of transcription factors, including the sex-
determinant (Dsx) of Drosophila melanogaster, and the 
Mab-3 of nematode, are characterized by a DNA-
binding DM-domain, an unusual zinc-finger structure 
(Kim et al, 2003; Ren et al, 2001). Currently, at least 8 
genes in the Dmrt family (Dmrt1–Dmrt8) (de Grandi et 
al, 2000; Guo et al, 2005; Kettlewell et al, 2000; Kondo 
et al, 2002; Nanda et al, 1999; Shibata et al, 2002) have 
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been detected across many species, including mammals 
(de Grandi et al, 2000), reptiles (Kettlewell et al, 2000), 
birds (Nanda et al, 1999), fish (Kondo et al, 2002), and 
amphibians (Shibata et al, 2002). A previous study 
indicated that the Dmrt gene family plays a major role 
in an organism’s sex development (Capriglione et al, 
2010; de Grandi et al, 2000; Kettlewell et al, 2000; 
Marchand et al, 2000; Yang et al, 2013;), while another 
study pointed out that Dmrt participated in somite 
development (Seo et al, 2006). 

In particular, Dmrt1, one of the prominent genes in 
this family, plays an important role in sex-determination 
and differentiation in Drosophila melanogaster, Nema-
todes, Oryzias latipes, and mice. To date, the regulatory 
mechanisms underlying sex determination and different-
iation in some species has been studied. For example, 
knocking out Dmrt1 expression during male different-
iation leads to gonad feminization in chickens (Smith et 
al, 2009) while in mice, the Dmrt1 gene inhibits female 
programming in the testis after birth (Matson et al, 2011). 
In some fish, Dmrt1 shows testis-specific expression 
(Guan et al, 2000; Liu et al, 2004; Kobayashi et al, 2004; 
Shin et al, 2009) while in others it shows expression in 
both the ovary and testis, with the expression in the testis 
being marginally higher than that in the ovary (Guo et al, 
2004; Marchand et al, 2000). In male fish, Dmrt1 is 
generally expressed only in the sertoli cells, but the same 
is not true for females (Kobayashi et al, 2008). Meanwhile, 
DmrtA2 (Dmrt5), another member of the Dmrt gene 
family, has been identified in some fish, including the 
zebrafish (Guo et al, 2004), swordfish (Veith et al, 2006), 
and rice field eel (Zhang et al, 2006). Previous studies on 
DmrtA2 function mainly found relation to the brain and 
gonads; though in humans, the function is associated with 
development of the cerebral cortex (Saulnier et al, 2013) 
while in toads it is related to the formation of the olfactory 
placode nerve (Parlier et al, 2013).  

Although many previous reports focused on the 
molecular heredity of ayu (Huang et al, 2004; Wang et al, 
2011; Dong & Nobuhiko, 2003), they were restricted to 
the isoenzyme, biochemical heredity, and RAPD genetic 
diversity. To our knowledge, there are no previous 
studies focusing on ayu sex differentiation and its 
regulation. In this study, we screened the members of 
Dmrt gene family from the transcriptome and cloned 
Dmrt1 and DmrtA2. We examined their expression in 
different adult tissues, and during larval and embryonic 
developmental stages in order to provide a better 

understanding of the relevant mechanism at play in the 
sex differentiation among ayu.  

MATERIALS AND METHODS 
Experimental materials and reagents  

Ayu fish were obtained from Qingjiang base, 
Zhejiang Fisheries Research Laboratory. From August-
October, different tissues were sampled were frozen, 
immediately dissected, and then stored in liquid nitrogen 
at −80℃ until further analysis. The embryos of different 
stages were collected at 1.5 mL DNase/RNase-free 
centrifuge tube immediately and then stored in liquid 
nitrogen. 

TRIzol reagent, pMD19-T vector, PrimeScript RT 
reagent Kit, 3′-Full RACE, and 5′-Full RACE Kit were 
purchased from Takara company. Other reagents were 
domestic analytical reagents and were purchased from Bio-
equip. Escherichia coli DH5α cells were stored in our lab. 

 
cDNA cloning and amino acid sequence analysis  

The total RNA of different tissues was isolated 
using RNAiso Plus (Takara) according to the manufa-
cturer’s instructions. The RNA was digested by RNase-
free DNase I and purified. The reverse transcription 
reaction was performed in a 10-μL volume using the 
PrimeScript RT reagent Kit (Takara). The reaction was 
performed at 37°C for 15 min and 85°C for 5 s, and 
then stored at −20°C. 

Specific primers were designed for RACE and RT-
PCR (Table 1) based on the partial transcriptome sequ-
ence, and β-actin was used as a control. All the primers 
were synthesized by Sangon Biotech.  

Table 1 Primers for Dmrt cloning and analysis in ayu (P. 
altivelis) 

Primer Sequence (5′–3′) 
D1-3-I AGTCAGAGACCTTCACTGTGGATTC 
D1-3-O CATCAACTCCCTTGTCAACTCG 
D1-5-I GGACAGTCTTCCCACACACTCTAAT 
D1-5-O GCTCATTCTTCACCACAATCTCAG 
D1-y-F CCTCAGACCTGGTGGTGGATG 
D1-y-R GTTGGGAATCTGGTACTGCTGATAG 
DA2-3-I GCAGCCAAACTCACCTCAC 
DA2-3-O AGTCGAGGACTGGCTTTCAT 
DA2-5-I CAACGCTGACACGACACCG 
DA2-5-O CAACGCTGACACGACACCG 
DA2-y-F TGAAAGGCCACAAGCGTTATT 
DA2-y-R CGGGCTTCGTTCTCTTCCT 
β-actin-F TCGTGCGTGACATCAAGGAG 
β-actin-R CGCACTTCATGATGCTGTTG 
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All procedures were performed according to users’ 
manuals (3′-Full RACE Core Set Ver. 2.0 and 5′-Full 
RACE Kit, Takara). The PCR products were separated 
on a 2% agarose gel, cloned into the pUC-19 vector, and 
sequenced.  

 All Dmrt protein sequences from different species 
were aligned using the NCBI blast program (http:// 
blast.ncbi.nlm.nih.gov/Blast.cgi). Phylogenetic trees 
were constructed using MEGA5.0 (Tamura et al, 2011) 
using the Neighbor-joining (NJ) method, yielding an 
unrooted consensus tree with a 1 000 bootstrap 
replicates. 

 
Dmrt expression analysis at different stages by RT-
PCR 

To quantify Dmrt expression, we used RT-PCR 
according to the manufacturer’s protocols. PCR cycling 
conditions were adjusted to the following parameters: 
95°C for 30 s, then 60°C for 30 s, and finally 72°C for 
30 s for 40 cycles for Dmrt and β-actin in a 20-L volume 
containing SYBR Green (TaKaRa). The primers for 
Dmrt and β-actin are listed in Table 1. All experiments 
were performed in triplicate to ensure concordance and 
eliminate potential errors. The resulting data were 
analyzed via the 2-ΔΔCt method (Livak et al, 2001). 

RESULTS 
Cloning and sequence analysis of ayu Dmrt 

 The cloned 1684 bp Dmrt1 transcript (GenBank 
accession number: KC899210) consisted of an 882-bp 
open reading frame (ORF) that coded 293 amino acids, a 
674-bp 3′-untranslated region (UTR), and a 116-bp 5′-
UTR. NCBI  conserved domain search (http://www. 
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi ) showed that 
the DM-domain is represented by amino acids 27–73, 
and the Dmrt1 super-family conserved domain is 
represented by amino acids 187–246 (Figure 1).  

We obtained the 2738-bp cDNA sequence of 
DmrtA2 (Figure 1; GenBank accession number: 
KF296364), The ORF (1 311 bp) coded 435 amino acids 
and contained the DM, DMA, and DMB conserved 
domains. The 3′-UTR (not including poly(A) signals) 
and 5′-UTR were 948 bp and 479 bp, respectively. NCBI  
conserved domain search (http://www.ncbi.nlm.nih. 
gov/Structure/ cdd/wrpsb.cgi) showed that the DM-
domain included amino acids 51–96, and the DMA 
conserved domain included amino acids 187–246.  

However, genomic analysis (data not shown) 

indicated that this transcript includes a 297-bp intron in 
its coding region, suggesting that it might represent an 
alternative splicing form of DmrtA2. 

 
Similarity and phylogeny of amino acids of ayu Dmrt  

Alignment analysis showed that the identity 
between Dmrt1 of ayu and other teleostean is greater 
than 60%, with the most similar species being the 
rainbow (81.5% identity) and the least similar being 
medaka (62% identity). The identity between the Dmrt1 
of Ayu and other vertebrates was less than 60% (Table 2). 
The NJ-phylogenetic tree showed that all the fish cluster 
into a subgroup, and the other vertebrates cluster into a 
separate group. In the fish subgroup, the fish from the 
Cypriniformes, Siluriformes, and Perciformes form a 
clade, and the ayu cluster with the rainbow trout (Figure 
2). DmrtA2 amino acid comparison also showed a 
similarity greater than 70% between ayu and other 
teleostean, with the highest similarity being medaka 
(84%). The similarity with the other vertebrates was less 
than 60% (Table 2). The NJ-phylogenetic tree for 
DmrtA2 indicates that the ayu DmrtA2 cluster with the 
other fish and stay farther away from humans and mice 
(Figure 2). 

 
Dmrt gene expression in ayu adult tissue 

In different adult tissues, Dmrt1 showed the highest 
expression level in the testes and the lowest level in the 
intestine. Using the intestinal expression level as a 
reference, the expression levels in testis, ovary, and 
female spleen were 63.1, 3.2, and 1.6 times, respectively. 
DmrtA2 showed the highest expression in the female 
brain and the lowest expression in the male brain. Using 
the expression level from the male brain as a reference, 
the expression levels in the ovary, female brain, and 
female intestine were 1.3, 37.6, and 2.5 times of that in 
the male brain, respectively (Figure 3).  

 
Dmrt expression in ayu larvae 

The development of ayu larvae is a slow process (Li 
et al, 1985), so we accordingly sampled tissue from 10 
days post hatching (dph) to 70 dph. For Dmrt1, the 
stages showing highest expression levels occurred 
between 52 dph and 64 dph. Using the expression level 
at 40 dph as a baseline, the expression levels at 52 dph 
and 64 dph were 81.5 and 88.9 times that at 40 dph, 
respectively. For DmrtA2, the expression levels increased 
from 10 to 34 dph and then decreased to a minimum,  
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DmrtA2 

 

Figure 1 Sequences of ayu (P. altivelis) Dmrt1 and DmrtA2 cDNAs, codons, and amino acids  
 

with the exception of the expression levels at 40 dph and 
52 dph. DmrtA2 expression reached its peak at 34 dph, 
which was 10.6 times that at 70 dph (Figure 4).  
 
Expression of Dmrt genes in ayu embryos 

In different embryonic developmental stages, 
ayu Dmrt1 was expressed throughout embryonic 
development, reaching a peak at the gastrula stage, 
and a low at the cleavage state. Using the cleavage 
state as a reference, the expression levels during the 
morula, blastula, gastrula, neuronal, heartbeat, 
incubation, and earlier alevin stages were 41.5, 65.3, 
250.2, 45, 78.5, 35.1 and 9.4 times, respectively. 
DmrtA2 expression peaked at the earlier alevin stage, 
and the expression levels in the morula, blastula, 

gastrula, neural, heartbeat, incubation, and earlier 
alevin stages were 1.2, 1.4, 1.5, 7.7, 18 74.5 and 112.2 
times of that in the cleavage stage, which was 
considered a reference (Figure 5). 

DISCUSSION 
Previous studies have established Dmrt1 as a sex-

determinant gene in a variety of species, and showed that 
its expression is sex-specific. For example, in the black 
porgy (Shin et al, 2009), Tilapia mossambica (Guan et al, 
2000), and medaka (Kobayashi et al, 2008), Dmrt1 is 
expressed only in the testis. Similar to these results, the 
Dmrt1 expression in ayu testis was about 20 times of that 
in the ovary (Figure 3). However, Dmrt1 not only shows 
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Table 2 Comparison of amino acid sequence identities of ayu Dmrt1 and DmrtA2  
GenBank accession numbers Species names Gene names Identity with ayu Dmrt1/DmrtA2（%） 

AAG17544 Oncorhynchus mykiss Dmrt1 81.50 

ACR77511 Clarias gariepinus Dmrt1a 78.50 

HM245921 Tachysurus fulvidraco Dmrt1 78 

Q71MM5 Danio rerio Dmrt1 73.50 

ABK88911 Paramisgurnus dabryanus Dmrt1 73 

ABM54575 Silurus meridionalis Dmrt1b 73 

CAQ52797 Dicentrarchus labrax Dmrt1 72 

ABK15558 Epinephelus coioides Dmrt1 68.50 

AFA45126 Gobiocypris rarus Dmrt1 68.50 

BAM62886 Parajulis poecilepterus Dmrt1a 62.20 

ACD62373 Epinephelus merra Dmrt1a 62.20 

AAP84972 Acanthopagrus schlegelii Dmrt1 64 

BAC65996 Oryzias curvinotus Dmrt1 62 

Q9PTQ7 Gallus gallus Dmrt1 58 

AAD40474 Homo sapiens Dmrt1 56 

AAF12826 Mus musculus Dmrt1 55.50 

Q3LH63 Xenopus laevis Dmrt1 54.50 

Q76L87 Oryzias latipes Dmrt5 84 

Q5UU75 Danio rerio Dmrt5 83 

Q2I327 Xiphophorus maculatus Dmrt5 83 

ACU30591 Monopterus albus Dmrt5 82 

AFA46804 Gadus morhua Dmrt5 81 

NP_001033039 Takifugu rubripes DmrtA2 81 

Q6YHU8 Oreochromis niloticus Dmrt5 80 

AEM44777 Xenopus tropicalis Dmrt5 72 

AAN10254 Mus musculus Dmrt5 57 

AAI43801 Homo sapiens DmrtA2 57 

 
strong expression in the testis, but also a subtle 
expression in the ovary of zebrafish (Guo et al, 2004), 
rainbow trout (Marchand et al, 2000), and Takifugu 
rubripes (Shen et al, 2007). Ohmuro-Matsuyama et al 
(2003) found that Dmrt1 is expressed in many different 
tissues of Medaka.In our study, we also detected low 
Dmrt1 expression in ayu intestine and kidney, leading us 
to infer that Dmrt1 not only plays an important role in 
testis maintenance but also may play some other yet 
unknown roles.  

Compared to the adult tissues, Dmrt1 expression 
occurred during the entire embryonic developmental 
stages in both Pelteobagrus fulvidraco (Li et al, 2012) 
and Cynoglossus semilaevis (Sun et al, 2008).  
Intriguingly, the expression levels different between the 
two fish in that the peak expression levels occurred at a 
different time. During this present study, we found 
similar results, with the expression peak at the gastrula 

stage. The previous studies showed that during larval 
development of Pelteobagrus fulvidraco (Li et al, 2012), 
Dmrt1 was expressed from 1 to 51 dph and reached a 
peak at 31 dph, while another study (Sun et al, 2008) 
found that in Cynoglossus semilaevis the expression of 
Dmrt1 at 22 dph was higher than during the other 
developmental stages. In our study, Dmrt1 was expressed 
from 10 to 70 dph, reaching a peak at 64 dph. Moreover, 
examination of a paraffin section of ayu gonad revealed 
that the period from 40–60 dph was the key time for 
testis formation. During this time, Dmrt1 expression was 
easily detectable, implying that Dmrt1 plays an 
important role in the process of testis-differentiation.  

DmrtA2 is  mainly involved in the development of 
the brain and gonad. In mice embryos, for example, 
DmrtA2 is expressed primarily in both the brain and the 
gonads. Moreover, expression in the female ovary is 
higher than that in the male testis, and very lowly 
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Figure 2 NJ-Phylogenetic tree based on Dmrt1 and DmrtA2 amino acid sequences 
Numbers at the nodes denote the bootstrap values for 1000 replicates.  
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Figure 3 RT-PCR analysis of Dmrt1 and DmrtA2 transcripts in different ayu (P. altivelis) adult tissues  

 
Figure 4 RT-PCR analysis of Dmrt1 and DmrtA2 transcripts of ayu (P. altivelis) at different post-hatching developmental stages  

 
Figure 5 RT-PCR analysis of Dmrt1 and DmrtA2 transcripts of ayu (P. altivelis) at different embryonic stages 

The numbers of the x-axis represent the following stages: 1 d, fertilized eggs; 2 d, morula stage; 3 d, blastula stage; 4 d, gastrula stage; 5 d, eye pouch period 
(neurula stage); 6 d, heartbeat period (tail-bud stage); 7 d, hatching stage; 8 d: early larva. 
 
expressed in other tissues (Kim et al, 2003). In the puffer 
fish (Yamaguchi et al, 2006), DmrtA2 was expressed in 
the brain and eye, with no expression in gonads, while in 
the swordfish (Veith et al, 2006) it was expressed in the 
olfactory placode and midbrain and in the zebrafish (Guo 
et al, 2004) it was expressed primarily in the midbrain of 
the embryo stage. Recently, Gennet et al (2011) also 
found that DmrtA2 had an effect on the brain nerve in 
mice, a finding concordant with our results. It then stands 
to reason that DmrtA2 may play a vital role in the 
development of the ayu brain. Guo et al (2004) had 
previously cloned the DmrtA2 gene and found that it was 
expressed in the germ cells of zebrafish, mainly in the 
spermatogonia, spermatocytes, spermatoblasts, and 
oocytes, again implicating DmrtA2 in gonad 
development. Zhang et al (2006) elaborated on this and 
found that DmrtA2 was expressed in the gonad tissues of 
three types of rice field eels and that its expression in 

testis was higher than that in the ovary. And again, in the 
Pearlescent shellfish, DmrtA2 participates in gonad 
development (Yu et al, 2009). In our experiment, we 
found that DmrtA2 was expressed only in the ovary and 
had detectable expression before 34 dph, which 
coincides with the critical time for ovary differentiation. 
Considering these results, we propose that DmrtA2 likely 
participates in the regulation of gonad development, and 
may do so across numerous fish species.  

In addition to influencing sex determination, Dmrt 
genes may be involved in the regulation of tissue 
development. Ayu Dmrt1 and DmrtA2 exhibited different 
expression patterns in females and males, but both were 
also expressed in a variety of other tissues, suggesting 
that in ayu, the Dmrt genes likely play multiple roles in 
organ development.  Further studies may help to reveal 
the roles of Dmrt1 in testis development and DmrtA2 in 
brain development.  
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Abstract: In the present study, the genetic diversity of one selected strain (Pujiang No. 1), two domesticated populations (GA and 
HX) and four wild populations (LZ, YN, SS and JL) of blunt snout bream (Megalobrama amblycephala) was analyzed using 17 
microsatellite markers. The results showed that an average of 4.88-7.65 number of alleles (A); an average of 3.20−5.33 effective 
alleles (Ne); average observed heterozygosity (Ho) of 0.6985−0.9044; average expected heterozygosity (He) of 0.6501−0.7805; and 
the average polymorphism information content (PIC) at 0.5706−0.7226. Pairwise FST value between populations ranged from 
0.0307−0.1451, and Nei’s standard genetic distance between populations was 0.0938−0.4524. The expected heterozygosities in the 
domesticated populations (GA and HX) were significantly lower than those found in three wild populations (LZ, SS and JL), but no 
difference was detected when compared with the wild YN population. Likewise, no difference was found between the four wild 
populations or two domesticated populations. The expected heterozygosity in Pujiang No. 1 was higher than the two domesticated 
populations and lower than the four wild populations. Regarding pairwise FST value between populations, permutation test P-values 
were significant between the GA, HX and PJ populations, but not between the four wild populations. These results showed that the 
expected heterozygosity in the selected strain of blunt snout bream, after seven generations of selective breeding, was lower than that 
of wild populations, but this strain retains higher levels of genetic diversity than domesticated populations. The genetic differences 
and differentiation amongst wild populations, domesticated populations and the genetically improved strain of blunt snout bream will 
provide important conservation criteria and guide the utilization of germplasm resources. 

 
Keywords:  Blunt snout bream; Genetic variation; Microsatellite; Wild population; Domesticated population; Genetically improved strain 

The herbivorous blunt snout bream (Megalobrama 
amblycephala), known as the Wuchang fish in China, is 
distributed in a few medium and large-sized lakes of the 
middle reaches of the Yangtze River. It was first disco-
vered and named in Lake Liangzi in Hubei province in 
the 1950s (Yi, 1955). This species has since become a 
major freshwater aquaculture commodity in China 
because of its herbivorous diet, general hardiness, 
resistance to disease, good seinability and reproductive 
performance (Ke, 1965). After domestication, the aquac-
ulture performance of many populations of M. amblyc-
ephala deteriorated and slower growth rates, earlier 
maturity and thin and longer bodies emerged. Poor 
management of broodstocks and inbreeding depression 
were thought to be the major causes for this deterioration 

(Li et al, 1991a,1b; Li & Yang, 1996). In view of this, a 
systematic selection program was started in 1986 based 
on an original founder population from Lake Yuni and a 
good breed (selected strain F6) called Pujiang No. 1 was 
successfully selected by mass selection. The growth rate 
improved by 29% and body depth improved also (Li and 
Cai, 2000, 2003). The Chinese blunt snout bream 
industry has benefited from the spread and utilization of 
Pujiang No. 1; however, germplasm resources of blunt 
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snout bream in China still face serious threats. For 
example, crossbreeding of domesticated populations with 
natural populations has occurred because of artificial 
breeding and release and the survival and evolution of 
the gene pool is threatened by water pollution. To ensure 
the sustainable development and utilization of the 
germplasm resources of this highly valuable species, an 
assessment of genetic diversity is urgently required. 

Microsatellites have emerged as a popular molec-
ular marker because of their codominance, neutrality, 
high variability and ease of identification and application. 
Microsatellites have been successfully used for 
estimating genetic variation of wild and hatchery stocks 
in many fishes (Aung et al, 2010; Liu et al, 2011; Šegvić-
Bubić et al, 2011; Wachirachaikarn et al, 2011). 
Intraspecific variation and population diversity of blunt 
snout bream have been investigated using enzymes, 
random amplified polymorphic DNA (RAPD) and 
mtDNA markers (Bian et al, 2007; Li et al, 1991b; Li & 
Yang, 1996; Li et al, 2005; Zhang, 2001). Here, we used 
a larger set of 17 polymorphic microsatellite markers to 
estimate genetic diversity across four wild populations, 

two domesticated populations and one genetically 
improved strain of blunt snout bream. 

MATERIALS AND METHODS 
Sample collection and DNA extraction 

     One genetically improved population and four 
wild and two domesticated populations of M. amblyce-
phala (Table 1, Figure 1) were surveyed. Samples were 
collected from four locations: Lake Liangzi,  Ezhou city, 
Hubei (LZ; 32 individuals); Lake Yuni, Gongan city, 
Hubei (YN; 32 individuals); the middle reaches of the 
Yangtze River in Shishou city,  Hubei (SS; 32 
individuals); and the middle reaches of the Yangtze River 
in Jianli city, Hubei (JL; 32 individuals). Samples of 
domesticated M. amblycephala were collected from two 
independent fish farms in Gongan city (GA; 32 indivi-
duals) and Tianjin municipality (HX; 32 individuals). No 
details regarding the founding and maintenance of the 
Gongan population were available; the Tianjin (HX) 
population was established from animals from Lake 
Liangzi in the 1970s. Samples of genetically improved  

 

Figure 1  Locations and the abbreviated names of seven focal blunt snout bream samples (●) 
1: YN; 2: GA; 3: SS; 4: JL; 5: LZ; 6: PJ; 7: HX. 
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Table 1 List of the seven focal populations of blunt snout bream  
Population name Remarks Sample size

LZ Wild population from Lake Liangzi in Ezhou city, Hubei 32 

YN Wild population from Lake Yuni in Gongan city, Hubei 32 

SS Wild population from Lake Laohe in Shishou city, Hubei 32 

JL  Wild population from Lake Laojianghe in Jianli city, Hubei 32 

GA Domesticated population from one fish farm in Gongan city, Hubei 32 

HX Domesticated population from one fish farm in Huanxin in Tianjin municipality 32 

PJ Genetically improved population (Pujiang No. 1 selected strain F7) from the 
 Fish Germplasm Experimental Station, Shanghai Ocean University 32 

 
blunt snout bream (Pujiang No. 1 selected strain F7) were 
collected from the Fish Germplasm Experimental Station 
of Shanghai Ocean University (PJ; 32 individuals). A 
small piece of caudal fin from each fish was clipped and 
stored in 95% ethanol until DNA extraction. Genomic 
DNA was extracted using the phenol-chloroform 
procedure following Sambrook & Russell (2001). 
 
Microsatellite analysis 

Genetic variation was assayed in all populations 
using 17 microsatellite loci. Details of PCR conditions 
and references for all microsatellite loci are provided in 
Table 2. PCR amplifications were performed in a final 
reaction volume of 10 μL containing 30 ng of genomic 
DNA, 1 mmol/L MgCl2, 10 mmol/L Tris-HCl, 50 mmol/L 
KCl,0.2 mmol/L of each dNTPs, 0.35 μmol/L of each 
forward and reverse primers, and 1.25 U Taq DNA 
Polymerase (Promega). Loci were amplified using a 
thermal cycler (Eppendorf Mastercycler). The conditions 
were as follows: a pre-denaturation at 94°C for 5 min 
followed by 40 cycles of 30 s at 94°C, 30 s at the 
appropriate annealing temperatures listed in Table 2, 30 s 
extension at 72°C, and concluded with a 10 min final 
extension at 72°C. PCR products were then electrop-
horesed on an 8% nondenaturing polyacrylamide gel and 
visualized by the silver staining method of Sambrook & 
Russell (2001) with minor modifications. A pBR322 
DNA/MspI Marker (Tiangen) was used as a size standard 
for polyacrylamide gel.  

 
Statistical analyses 

For each population and locus, the number of alleles 
(A), effective number of alleles (Ne), expected heterozy-
gosity (He) and observed heterozygosity (Ho) were 
calculated using PopGene v1.32 (Yeh et al, 1997). A 
nonparametric analysis of variance (Mann-Whitney U 
test) (Sokal & Rohlf, 1995) was used to test for differe-
nces between measures of genetic diversity (He) between 

domesticated and wild populations. Genetic different-
iation between populations was evaluated by pairwise 
estimates of FST values (Weir & Cockerham, 1984) and 
their significance tested through bootstrapping analysis 
(1000 replicates) using ARLEQUIN v.3.0 (Excoffier et al, 
2005). To examine genetic relationships among populati-
ons, a matrix of pairwise DA distances (Nei et al, 1983) 
was calculated using DISPAN (Ota, 1993) and allele 
frequencies as input data. The DA distance measure was 
chosen because it is independent of mutation models 
(Nei, 1987) and superior to other distance measures in 
correct tree topology construction using microsatellites 
(Takezaki & Nei, 1996). A phylogenetic tree topology 
based on the DA distance was constructed using the 
neighbor-joining method (Saitou & Nei, 1987). This 
procedure was done using MEGA v3.1 (Kumar et al, 
2004). Polymorphism information content (PIC) was 
calculated according to the following formula (Botstein 
et al, 1980): 

1
2 2 2

1 1 1
1 2

n n n

i i j
i i j i

PIC P P P
−

= = = +

⎛ ⎞⎛ ⎞
= − − ⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

∑ ∑ ∑  

where, n is the number of alleles at one locus; and Pi and 
Pj are the frequencies of the ith and jth alleles at one 
locus, j=i+1. 

RESULTS 
Genetic variability 

Genetic variability indices for the wild, domestic-
ated and genetically improved populations of M. 
amblycephala are summarized in Table 3. The number of 
alleles per locus varied from 2−17, and the effective 
number of alleles per locus ranged from 1.28−12.19 
across all populations. The mean effective number of 
alleles per locus for LZ was 5.33, YN 4.77, PJ 4.60, JL 
4.59, SS 4.36, GA 3.68 and HX 3.20. 
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Table 2 The 17 microsatellite markers used in this study 

Locus Repeat motif Primer sequence (5′-3′) Annealing 
temperature (°C) 

Allele size 
range (bp) 

Reference/GenBank 
Accession no. 

TTF01* (CA)21 
F: TGGAGATGAAAGCTGAAGGAA 
R: ATGCACGAACTGCCACATAA 55.9 238−328 FJ168686 

TTF02* (CA)5(CT)21 
F: AAACAGCTGCTACCCTTGGA 
R: TTTGCCAGAAGAGCAAATCA 55.9 196−228 FJ168687 

TTF03* (TC)27 
F: AAGACGCCACGGAAACTTTA 
R: CTGACCGGATAGCAAAGTGA 56.4 214−266 FJ168688 

TTF04* (CA)14 
F: GACTGGAGTCGTCAGGCTTC 
R: TGCCCCACATTGTTAGACTG 60.5 182−228 FJ168689 

TTF05* (CA)15 
F: CTAGTGGGTAGGTGGCAGGT 
R: TGACTGGGAGAGACAGAGGAG 60.5 164−188 FJ168690 

TTF06* (GA)13 
F: GGCAGGTCAGGCACATTTAT 
R: TCTCTACCTCACATTCTCTCATTCT 60.5 186−218 FJ168691 

TTF07* (GT)13 
F: ATGGGTAAGCCGATGGATTC 
R: GTGTCAGCATTCCAGCTCCT 60.5 285−331 FJ168692 

TTF08* (GT)18 
F: GGGGAAATAAAGGGAGAAAGTG 
R: TTTCTCCTGATCCGTTGACC 60.5 178−224 FJ168693 

TTF09* (TC)19 
F: AAGACGCCACGGAAACTTTA 
R: GAGGTGGGACTGTGTGGAAT 56.9 269−319 FJ168694 

TTF10* (TC)6(TG)5 
F: AAACAGGCTCGCCAATTTC 
R: TCACCCACACACTCTTATTCTCTC 55.9 255−291 FJ168695 

MAC21HLJ# (CA)47 
F: TTTCCCAGTTCAGTCGGT 
R: CAAGCAAATCAAGCCATC 53 145−251 Li et al, 2006 

MAC31HLJ# (GT)26 
F: GCA TCGGTAACAGTCAAA 
R: CAGGGATAATGTAGGAAGAA 50 174−242 Li et al, 2006 

MAC46HLJ# (GT)12 
F: TACAAGAGCAGGTAAGCA 
R: CAGCCACTGACTGAACAT 48 176−204 Li et al, 2006 

MAC50HLJ# (GT)16 
F: GGTATCGTGCTTGCTTGT 
R: TTCCATTTAGAGCTACGG 51 176−200 Li et al, 2006 

MAC53HLJ# (GT)28 
F: AGCGGGTCTGTGCTAATC 
R: CGGCCAGTTCCAAAGAGT 54 179−251 Li et al, 2006 

MAC56HLJ# (GT)29 
F: TTCAACGGCGAGACTCAA 
R: CGACTACACCTGGAACCTG 56 102−158 Li et al, 2006 

Mam25† (AC)5(AC)14 
F: TCACACCAACAACACCGAAT 
R: CCTTGTTTTCTCCAGGCATC 62 174−212 DQ996307 

*, Loci developed by Tang et al, 2009; #, Loci developed by Li et al, 2006; †, Loci developed by Li et al, 2007. 

 
Pairwise P values from expected heterozygosity and 

effective number of alleles test were calculated for all 
pairs of populations in Table 4. There was no difference 
in the effective number of alleles per locus between the 
four wild populations (all P>0.05) or between the two 
domesticated populations (P=0.333). The effective 
number of alleles for the two domesticated populations 
(GA and HX) was lower than the wild populations LZ, 
YN and JL and the genetically improved population (PJ). 
No difference in the effective number of alleles was 
detected between wild (LZ, YN, JL and SS) and 
genetically improved populations (PJ) (all P>0.05). 

Mean expected heterozygosity values were 0.6501 
and 0.6596 in the two domesticated populations, 
respectively, and ranged from 0.7330−0.7805 in the four 

wild populations. The He value was 0.7185 in the genet-
ically improved population. Compared with the wild 
populations LZ, SS and JL, expected heterozygosities 
were reduced in both domesticated populations (P <0.05). 
No differences were found between the four wild popul-
ations or the two domesticated populations (all P>0.05). 
The He value of Pujiang No. 1 was higher than the two 
domesticated populations and lower than all four wild 
populations. 

 
Genetic differentiation 

Matrices of pairwise multilocus FST estimates are 
provided in Table 5. Most genetic differentiation was 
distributed between the domesticated populations and 
wild populations (FST range 0.1123−0.1206), except for  
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Table 3 Genetic diversity of wild, domesticated and genetically improved populations of blunt snout bream 
Wild  populations Domesticated populations Genetically improved strain

Locus Parameter 
LZ YN JL SS GA HX PJ 

TTF01 A 15 13 11 16 10 6 13 

 Ne 10.24 10.67 7.88 10.67 8.26 3.41 10.67 

 Ho 1.0000 1.0000 1.0000 1.0000 1.0000 0.7500 1.0000 

 He 0.9315 0.9355 0.9012 0.9355 0.9073 0.7298 0.9355 

 PIC 0.8945 0.8987 0.8602 0.8992 0.8665 0.6718 0.8987 

TTF02 A 12 9 4 3 8 5 9 

 Ne 9.85 5.22 2.64 2.33 5.39 3.18 5.22 

 Ho 1.0000 1.0000 0.7500 0.7500 1.0000 0.7500 1.0000 

 He 0.9274 0.8347 0.6411 0.5887 0.8407 0.7077 0.8347 

 PIC 0.8895 0.7856 0.5637 0.4956 0.7897 0.6503 0.7856 

TTF03 A 11 10 4 7 3 2 10 

 Ne 7.88 6.83 2.96 2.37 1.55 1.68 6.83 

 Ho 0.5625 0.6250 0.6875 0.3750 0.2500 0.0625 0.6250 

 He 0.9012 0.8810 0.6835 0.5968 0.3649 0.4173 0.8810 

 PIC 0.8602 0.8370 0.6136 0.5531 0.3094 0.3225 0.8370 

TTF04 A 7 8 9 8 4 8 8 

 Ne 5.02 5.33 8.00 5.75 3.20 3.32 5.02 

 Ho 1.0000 1.0000 1.0000 1.0000 1.0000 0.7500 1.0000 

 He 0.8266 0.8387 0.9032 0.8528 0.7097 0.7218 0.8266 

 PIC 0.7748 0.7874 0.8619 0.8026 0.6299 0.6550 0.7742 

TTF05 A 8 5 11 8 4 4 4 

 Ne 3.63 4.03 7.01 4.38 3.20 3.20 2.88 

 Ho 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

 He 0.7480 0.7762 0.8851 0.7964 0.7097 0.7097 0.6734 

 PIC 0.6826 0.7087 0.8424 0.7398 0.6299 0.6299 0.5862 

TTF06 A 6 3 4 3 3 3 3 

 Ne 3.71 1.76 3.22 2.52 2.18 1.86 1.76 

 Ho 0.5625 0.4375 0.6875 0.8750 0.5625 0.1250 0.4375 

 He 0.7540 0.4456 0.7117 0.6230 0.5585 0.4758 0.4456 

 PIC 0.6836 0.3777 0.6305 0.5336 0.4642 0.3977 0.3777 

TTF07 A 3 3 3 5 3 5 3 

 Ne 2.28 2.93 2.61 3.08 2.65 3.74 2.61 

 Ho 0.8125 1.0000 1.0000 1.0000 1.0000 0.8125 1.0000 

 He 0.5786 0.6794 0.6371 0.6976 0.6431 0.7560 0.6371 

 PIC 0.4962 0.5845 0.5439 0.6255 0.5520 0.6882 0.5439 

TTF08 A 5 4 5 4 3 3 4 

 Ne 3.88 3.74 3.66 3.48 2.12 2.12 2.68 

 Ho 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9375 

 He 0.7661 0.7560 0.7500 0.7359 0.5464 0.5464 0.6472 

 PIC 0.6999 0.6835 0.6816 0.6635 0.4185 0.4185 0.5559 

TTF09 A 7 6 5 4 2 6 6 

 Ne 4.65 2.64 3.10 2.89 1.28 2.12 2.64 

 Ho 0.7500 0.6875 0.7500 0.6875 0.0000 0.2500 0.6875 

 He 0.8105 0.6411 0.6996 0.6754 0.2258 0.5444 0.6411 

 PIC 0.7602 0.5795 0.6383 0.6019 0.1948 0.4908 0.5795 
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（continued） 
Wild  populations Domesticated populations Genetically improved strain

Locus Parameter 
LZ YN JL SS GA HX PJ 

TTF10 A 3 3 3 3 3 3 3 

 Ne 2.50 1.89 2.50 2.26 2.77 1.99 1.89 

 Ho 0.8125 0.5000 0.8125 0.5625 0.9375 0.5000 0.5000 

 He 0.6190 0.4859 0.6190 0.5746 0.6593 0.5141 0.4859 

 PIC 0.5151 0.4163 0.5151 0.4565 0.5665 0.4356 0.4163 

MAC21HLJ A 17 15 14 11 17 9 15 

 Ne 11.13 12.19 10.45 7.64 10.67 7.01 12.19 

 Ho 1.0000 1.0000 1.0000 0.8750 1.0000 0.4375 1.0000 

 He 0.9395 0.9476 0.9335 0.8972 0.9355 0.8851 0.9476 

 PIC 0.9037 0.9120 0.8966 0.8560 0.8995 0.8413 0.9120 

MAC31HLJ A 6 6 8 8 6 7 6 

 Ne 5.39 5.95 6.10 6.17 3.71 5.75 5.95 

 Ho 0.8125 1.0000 1.0000 1.0000 1.0000 0.5000 1.0000 

 He 0.8407 0.8589 0.8629 0.8649 0.7540 0.8528 0.8589 

 PIC 0.7873 0.8088 0.8149 0.8177 0.6862 0.8029 0.8088 

MAC46HLJ A 5 5 5 7 2 5 5 

 Ne 3.76 4.57 2.91 3.44 2.00 3.74 4.57 

 Ho 1.0000 1.0000 1.0000 1.0000 1.0000 0.9375 1.0000 

 He 0.7581 0.8065 0.6774 0.7319 0.5161 0.7560 0.8065 

 PIC 0.6947 0.7455 0.5965 0.6655 0.3750 0.6919 0.7455 

MAC50HLJ A 3 2 3 2 3 3 2 

 Ne 1.91 1.52 2.40 1.88 2.25 2.12 1.52 

 Ho 0.6250 0.4375 0.8750 0.7500 1.0000 1.0000 0.4375 

 He 0.4919 0.3528 0.6028 0.4839 0.5726 0.5464 0.3528 

 PIC 0.4275 0.2834 0.5048 0.3589 0.4555 0.4185 0.2834 

MAC53HLJ A 6 4 5 5 3 4 4 

 Ne 2.84 2.50 2.78 2.93 2.46 2.83 2.50 

 Ho 0.7500 0.8750 0.8750 0.9375 1.0000 1.0000 0.8750 

 He 0.6694 0.6190 0.6613 0.6794 0.6129 0.6673 0.6190 

 PIC 0.6071 0.5429 0.5941 0.6084 0.5112 0.5805 0.5429 

MAC56HLJ A 10 9 9 8 9 4 9 

 Ne 7.11 4.49 7.31 6.40 6.24 2.56 4.49 

 Ho 0.9375 1.0000 0.9375 1.0000 1.0000 1.0000 1.0000 

 He 0.8871 0.8024 0.8911 0.8710 0.8669 0.6290 0.8024 

 PIC 0.8440 0.7471 0.8481 0.8250 0.8221 0.5301 0.7471 

Mam25 A 6 6 4 6 4 6 6 

 Ne 4.83 4.83 2.56 5.89 2.56 3.71 4.83 

 Ho 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

 He 0.8185 0.8185 0.6290 0.8569 0.6290 0.7540 0.8185 

 PIC 0.7633 0.7633 0.5301 0.8064 0.5301 0.6862 0.7633 

Average A 7.65 6.53 6.29 6.35 5.12 4.88 6.47 

 Ne 5.33 4.77 4.59 4.36 3.68 3.20 4.60 

 Ho 0.8603 0.8566 0.904 0.8713 0.8676 0.6985 0.8529 

 He 0.7805 0.7341 0.7464 0.7330 0.6501 0.6596 0.7185 

 PIC 0.7226 0.6742 0.6786 0.6652 0.5706 0.5830 0.6564 

A, number of alleles; Ne, effective number of alleles; Ho, observed heterozygosity; He, expected heterozygosity; PIC, polymorphism information content. 
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Table 4 P-values from expected heterozygosity (below diagonal) and effective number of alleles (above diagonal) tests 
between wild (LZ, YN, JL and SS), domesticated (GA and HX) and genetically improved (PJ) populations of  

blunt snout bream 
Populations LZ YN SS JL GA HX PJ 

LZ  0.141 0.114 0.248 0.001** 0.004** 0.054 

YN 0.072  0.367 0.728 0.018* 0.011* 0.080 

SS 0.122 0.971  0.550 0.130 0.027* 0.605 

JL 0.237 0.720 0.504  0.043* 0.013* 0.986 

GA 0.012* 0.096 0.048* 0.021*  0.333 0.043* 

HX 0.006** 0.051 0.011* 0.016* 0.792  0.025* 

PJ 0.015* 0.088 0.630 0.442 0.169 0.117  
*P < 0.05; **P < 0.01. 

Table 5 Pairwise FST values (above diagonal) and DA distance (below diagonal) among wild (LZ, YN, JL and SS), 
domesticated (GA and HX) and genetically improved (PJ) populations of blunt snout bream 

population LZ YN SS JL GA HX PJ 

LZ  0.0749 0.0565 0.0536 0.1127* 0.1161* 0.1136* 

YN 0.1888  0.0405 0.0487 0.0329 0.1206* 0.1229* 

SS 0.1633 0.1237  0.0307 0.1123* 0.1179* 0.1350* 

JL 0.1565 0.1358 0.0938  0.1158* 0.1144* 0.1451* 

GA 0.3241 0.1136 0.3168 0.3453  0.1185* 0.1196* 

HX 0.3369 0.3583 0.3482 0.3278 0.3495  0.1107* 

PJ 0.3295 0.3694 0.4479 0.4524 0.3532 0.3128  
*P<0.05. 

 
YN and GA (FST=0.0329). Differentiation between the 
four wild populations was relatively low (FST range 
0.0307−0.0749). Estimated FST values between PJ and 
other population pairs deviated from zero (P<0.05). 
Nonsignificant FST values were found among the four 
wild populations (all P>0.05). Pairwise comparison of 
domesticated populations revealed significant FST values 
(P<0.05). Significant FST values were detected between 
two domesticated populations and the genetically 
improved population. All estimates of relative genetic 
differentiation (pairwise FST) between wild and domestic-
ated populations were significant except for YN vs GA 
(FST=0.0329). 

Genetic distances (DA) were calculated for all 
possible pairs of populations (Table 5) and DA measures 
ranged from 0.0938−0.4524. The smallest estimate for 
DA was between JL and SS, and the highest estimate was 
between JL and PJ. The neighbor-joining tree generated 
from the DA values is shown in Figure 2. The seven 
populations fell into two clusters: one cluster comprising 
the domesticated (HX) and genetically improved (PJ) 
populations, and another cluster comprising all wild and 
one domesticated (GA) population. 

 

Figure 2   NJ phylogenetic dendrograms based on DA distance 
in wild (LZ, YN, JL and SS), domesticated (GA and HX) and 
genetically improved (PJ) populations of blunt snout bream 

DISCUSSION 
 Blunt snout bream are distributed in relatively 

narrow natural areas and prior to the 1960s were endemic 
to a few medium and large-sized lakes along the middle 
reaches of the Yangtze River. Since 1964, blunt snout 
bream have been transplanted to many parts of the 
country for aquaculture purposes and after domestication, 
many closed breeding groups were formed, including 
one genetically improved population produced by mass 
selection. Developments in production technology and 
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biotechnology have altered the genetic composition of 
blunt snout bream and resulted in a small number of 
excellent individuals on one hand, and a loss of genetic 
diversity and a unique genetic resource on the other. 
Given this important juncture in blunt snout bream 
aquaculture, a survey of the relationships between 
domesticated and genetically improved animals and the 
conservation and management of genetic resources was 
overdue. 

  Here, the population genetic structure of four wild 
populations, two domesticated populations and a 
genetically improved population was analyzed using 17 
microsatellite markers. The results show that human 
intervention has had a strong impact on the genetic 
structure of these fishes. There was no difference in the 
heterozygosity and genetic differentiation index (FST 
values) among the four wild populations. One reason for 
this may be that Lakes Liangzi, Yuni, Laohe and 
Laojianghe are subsidiary lakes of the middle reaches of 
the Yangtze River, and distances between each of them 
are no greater than 300 km. Historically, these lakes were 
connected to the Yangtze River by channels and we 
cannot exclude the possibility that gene flow between the 
four wild populations has occurred via migration or that 
these wild populations originated from the same 
population. An alternative explanation is that despite the 
fact that these lakes have undergone great change, the 
genetic structure of wild populations has been readjusted 
through natural selection in the last 50 years.   

We did detect genetic differentiation between wild 
populations and domesticated populations of blunt snout 
bream. Artificial and natural selection in the aquaculture 
environment may have changed the overall allelic 
composition of domesticated fish relative to wild fish 
(Eknath & Doyle, 1985). It is well known that heterozyg-
osity reflects genetic variation (Nei et al, 1975) and it is 
the primary parameter used in the genetic management 
of populations (Leberg, 1992). Typically, the higher 
heterozygosity one population contains, the stronger its 
capacity to adapt to and tolerate environmental stressors 
and variation. The expected heterozygosities in the 
domesticated populations (GA and HX) were lower than 
the wild populations LZ, SS and JL. Reduced 
heterozygosity of microsatellites in domesticated animals 
have been reported in many species, including grass carp 
(Ctenopharyngodon idella) (Zhang et al, 2006), turbot 
(Scophthalmus maximus) (Coughlan et al, 1998), 
common carp (Cyprinus carpio) (Desvignes et al, 2001), 

Atlantic salmon (Salmo salar)(Norris et al, 1999) and 
Pacific abalone (Haliotis discus hannai)(Li et al, 2004), 
attributable to population bottlenecks due to a small 
number of effective parents. The reason why heteroz-
ygosity in the GA domesticated population was not lower 
than the YN wild population may be because domest-
icated individuals have escaped from fish farms and 
reproduced with wild individuals in Lake Yuni and 
assuming that GA domesticated individuals entering the 
YN wild population would reduce the latter’s genetic 
variability (see Clifford et al, 1998). Reduced genetic 
variability in natural populations reduces the long-term 
adaptability of individuals and species and thereby 
lowers the buffering capacity against environmental 
change (Utter et al, 1993). Erosion of genetic variability 
could also bring about an increase in homozygous 
individuals carrying deleterious alleles that lead to a 
reduction in fitness (Caughley, 1994). 

  Genetic differences between the two domesticated 
populations were also found and may have resulted from 
different founder populations and selection procedures. 
The HX domesticated population resulted from wild 
individuals introduced from Lake Liangzi and has 
undergone seven generations of closed artificial breeding 
in the Tianjin Huanxin Fish Breeding Farm since the 
1970s. The GA domesticated population is the progeny 
of wild individuals from Lake Yuni, but the course of 
artificial propagation for this population remains 
unknown. Of note is that the GA fish farm is adjacent to 
Lake Yuni and it is likely that domesticated individuals 
have escaped into the lake or have been released into the 
lake; wild individuals also have a chance to be introdu-
ced into the fish farm. In addition to founder effects, 
different artificial and natural selection pressures in the 
different culture environments may have changed the 
overall allelic composition of the GA and HX domes-
ticated populations. 

The fact that the average expected heterozygosity of 
the genetically improved strain Pujiang No. 1 was lower 
than the four wild populations, but higher than the 
domesticated populations, is due to the following three 
principles applied during the selection process. First, a 
large base population (>500 individuals) was used to 
avoid the genetic bottlenecks. Second, a larger effective 
breeding population (>200 individuals) was created to 
minimize the inbreeding coefficient (one-thousandth or 
less). Third, the overall selection ratio was 0.04% of 
offspring whereby the high-intensity selection from fry 
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to adult fish ensures the retention of the best individuals 
(Li, 1988). Two of the most important characteristics of 
the genetically improved population after 15 years of 
mass selection are that crucial economic traits such as 
growth rate and body shape have been significantly 
improved and relatively high levels of genetic diversity 
have been maintained for further selective breeding. 

Genetic variation among late-selected strains and 
wild populations of blunt snout bream have previously 
been analyzed by inter-simple sequence repeat (ISSR) 
markers (Zhao et al, 2009). Our results further demons-
trate that the genetically improved population has 
undergone significant genetic differentiation from the 
wild population and comprises fairly stable hereditary  

characteristics because of long-term selection of over 
nine generations. However, there remains distance from 
the plateau of selection. As with the management of crop, 
livestock and poultry genetic resources, the main purpose 
of fish genetic resource management is to maintain genetic 
variation of wild, domesticated and genetically improved 
populations for the later establishment of new strains. The 
existing strains must adapt to new conditions to meet the 
changing demands of consumption and production. 
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Abstract: In learning and memory studies on honeybees (Apis mellifera), cold-induced narcosis has been widely used to temporarily 
immobilize honeybees. In this study, we investigated the effects of cold narcosis on the associative memories in honeybees by using 
the proboscis extension response (PER) paradigm. Severe impairments in memory acquisition was found when cold narcosis was 
performed 30 min, instead of 1 h before training. Locomotor activities were reduced when honeybees were tested 15 min, instead of 
30 min after cold narcosis. These results indicate that cold narcosis impairs locomotor activities, as well as memory acquisition in a 
time-dependent manner, but by comparison no such effects on memory retrieval have yet been observed.[0] 
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Since the 1970s, honeybees (Apis mellifera) have 
become a useful model in the studies of learning and 
memory (Menzel, 1999, 2001, 2012). Bees respond 
reflexively to sucrose when a drop of solution is applied 
to the antennae, which is called proboscis extension 
reflex (PER) (Giurfa, 2003). PER conditioning is a well-
established paradigm for investigating the mechanisms 
underlying associative memory processing in bees (Page 
& Erber, 2002). However, in this paradigm, the honeybee 
should be firstly harnessed to avoid flying away (Batson 
et al, 1992). Thus, the cold induced narcosis by putting 
honeybees on ice is frequently used to temporarily 
immobilize them for harnessing. It is shown that cold 
narcosis not only anaesthetizes bees, but also masks, 
blocks, or bypasses the putative effects of handling stress 
on bees (Pankiw & Page, 2003). However, the effects of 
cold narcosis on learning and memory of bees have 
received little attention.  

The effects of anesthesia on learning and memory 
have been tested by many studies, e.g. short-term 
impairment of cognitive and psychomotor performance 
is common after general anesthesia (Moller et al, 1993); 
in isoflurane-treated rats, object recognition and reversal 

learning are significantly impaired (Zhu et al, 2010); 
sustained learning impairment is observed after 
anesthesia in aged rats (Culley et al, 2003),1which is 
consistent with the cognitive impairment in elderly pati-
ents after anesthesia and surgery (Moller et al, 1998).   

By comparison, studies on the effects of cold 
treatment in honeybees are very limited. Ebadi et al 
(1980) reported that short time chilling affects neither 
mortalities nor fecundity in honeybees. However, 
Robinson & Visscher (1984) found that the hoarding 
activities in bees decrease when they have being exposed 
to −20  for 3 min in laboratory setting℃ . Moreover, 
Erber et al (1976, 1980) found that cooling leads to a 
retrograde amnesia if the treatments are applied between 
30 s to 7 min after single trial learning in free flying bees, 
whereas, the whole body cooling impairs memory 
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formation if it is performed within 5 min after 
conditioning. While all these studies were only focused 
on memory consolidation, the effects of cold treatment 
on memory acquisition and retrieval are to be elucidated. 
Memory processes include acquisition, consolidation and 
retrieval and during which many signaling molecules or 
pathways are involved or have selectively been recruited 
during certain memory stages (Abel & Lattal, 2001; 
Makkar et al, 2010). 

 In the present study, honeybees were trained to 
learn to respond to an odour associated with sucrose 
solution, meanwhile, to avoid responding to another 
odour associated with saturated NaCl solution in a two-
odour discrimination PER paradigm (Fu et al, 2013; 
Maleszka & Helliwell, 2001; Si et al, 2004). Then, the 
retention tests were performed 1 h later to assess the mid-
term olfactory memory. While, to evaluate the effects of 
cold narcosis on memory acquisition, consolidation and 
retrieval, honeybees were given cold treatment 30 min 
before and immediately after the training, as well as 30 
min before the retention test, respectively. Meanwhile, 
honeybees were also given cold treatment 1 h prior to 
training to determine the time dependence of these effects. 
Moreover, due to the anesthesia induced by acute chilling, 
their locomotor activities 15 min and 30 min after cold 
treatment were evaluated. 

MATERIALS AND METHODS 
Animals 

A colony of honeybees was obtained from the 
breeding center of Eastern Bee Research Institute of 
Yunnan Agricultural University, Kunming, Yunnan, 
China. Individual frames of brood combs containing 
pupae (sealed in cells) were removed from the experi-
mental hives and placed in an incubator (32−33 °C, 65% 
relative humidity, with good ventilation). Newly emerged 
honeybees were collected from the frame every day, 
ensuring that the experiment was performed only on 
honeybees of a known age. Honeybees of the same age 
were housed in an individual wooded cage covered with 
wire inside of the incubator (3.5 cm×20 cm×16.5 cm: 
width×length×height) and were fed ad libitum with 50% 
sugar solution. Freshly prepared solutions were supplied 
every the other day. All experiments were performed 
according to the National Care and Use of Animals 
Guideline approved by the National Animal Research 
Authority and were conformed within international 
guidelines for the ethical use of animals.  

PER conditioning 
  Nine days old (which is a proper age for learning 

and memory tests) honeybees were collected from the 
incubator cage, cooled on ice until immobile (within 90 
s−2 min), and then were mounted in thin-walled plastic 
tubes (5 mm in diameter) by using a thin strip of 
rubberized fabric tape between head and thorax with 
antennae and proboscis moving freely. After revival, 
each honeybee was fed with 30% sucrose solution via a 1 
mL syringe without needle. After feeding, honeybees 
were arranged in a wooden board holder and were then 
placed in an incubator overnight (29 ). The P℃ ER 
conditioning was performed on the following day. 

The performance of honeybees on a two-odor 
discrimination learning task was evaluated by PER 
conditioning (Si et al, 2004; Maleszka & Helliwell, 2001). 
Bees were trained to associate the odour of limonene 
(Guangzhou Flower Flavour & Fragrances Co., Ltd, 
Guangdong, China) with sucrose (Shantou Xilong 
Chemical Factory, Guangdong, China) reward (CS+) and 
the odor of menthene (Guangzhou Flower Flavour & 
Fragrances Co., Ltd, Guangdong, China) with saturated 
NaCl (Tianjin Bodi Chemical Corporation, Tianjin, 
China) punishment (CS−). Limonene and menthene 
were mixed with 30% sucrose or saturated NaCl 
solution respectively into a proportion of 1:200, which 
is consistent with previous reports (Si et al, 2004; 
Hammer & Menzel, 1995).  

The training session was consisted of two trials. 
Firstly, a drop of sucrose solution with limonene (CS+) 
was presented in front of the honeybee for 6 s, and then 
was applied to one antenna to lead a proboscis extension. 
Then the honeybee was fed with sucrose solution for 1 s 
(95% of the honeybees had extended their proboscis at 
the presence of the odor of limonene, and the 2% of 
honeybees did not respond with sucrose solution were 
excluded from the experiment). Secondly, after a short 
interval (1−2 min), a drop of salt solution with menthene 
(CS−) was applied to another antenna after being 
presented in front of the honeybee for 6 s. Then, if the 
proboscis extended, honeybees were fed with NaCl 
solution for 1 s. Approximately, 90% of the honeybees 
had extended their proboscis when the odor of menthene 
was presented, slightly less than the odor of lemonene. 
However, all honeybees shrunk back their antennae once 
touched with the salt solution.  

The testing session was performed 1 h later after the 
conditioning. Honeybees were presented with the puni-
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shing stimulus (menthene) followed with the rewarding 
stimulus (limonene). Meanwhile, their proboscis activ-
ities were recorded. When a honeybee extended its 
proboscis at the presence of a stimulus, it was recorded 
as “right”, otherwise, it was recorded as “wrong”. 
Honeybees that extended their proboscis only at the 
presence of rewarding stimulus but not at the presence of 
non-rewarding stimulus were scored as having responded 
correctly, whereas, honeybees that did not respond to 
either of the stimuli or were unable to extend their 
proboscis when stimulated with sucrose were regarded as 
abnormal individuals and were not included in data 
analysis.  

During the conditioning and testing, a mini exhaust 
fan (Deepcool, Beijing, China) was positioned behind 
honeybees to help air flow as well as to eliminate odours 
after stimulation.  

 
Experimental procedures 

The entire experimental procedure (three sets) was 
performed double-blinded with separated cohorts of 
honeybees.  

Experiment 1 was to investigate the effects of cold 
narcosis on acquisition, consolidation and retrieval of 
olfactory memory. Honeybees received cold-induced 
narcosis 30 min before training (acquisition, n=34), 
immediately after training (consolidation, n=33) or 30 min 
before testing (retrieval, n=32), respectively. The control 
group (n=22) was not under any treatment (Figure 1).  

 

 
Figure 1 Flow diagram of experiment 1 

Solid arrow: the time points of PER training and testing; Dotted arrow: the 
time points of cold narcosis.  

 
In experiment 2, honeybees were given cold 

narcosis 1 h prior to the PER training (n=21), and the 
testing was performed 1 h later after training. Control 
honeybees (n=22) were not under any treatment.  

To investigate the effects of cold narcosis on the 
locomotor activities in honeybee, in experiment 3, 
their locomotor activities were monitored 15 min 
(n=24) and 30 min (n=23) later after cold narcosis, 
respectively. Control bees (n=23) was not under any 
treatment. 

Cold narcosis 
Individual harnessed honeybee was cooled on ice for 

90 s by being placed on a piece of tinfoil to avoid getting 
wet. They usually were immobilized within 1 min and got 
revived 3 min after being moved away from the ice.  

 
Locomotor activity testing 

Cold-treated honeybees were individually housed in 
a small glass vial (2 cm×4 cm : diameter×height) and 
then were put onto ice for 90 s, whereas, their controls 
were kept in the small vials without cooling. Cold-treated 
honeybees usually revived from the immobile state 
within 3 min. Locomotor activity test was carried out in 
12 petri dishes (8.5 cm in diameter) in 3×4 arrays, with 
each dish accommodating one honeybee. The behaviors 
of honeybees were monitored for 5 min with a ceiling-
mounted CCD camera (Tikal, Shenzhen, Guangdong, 
China). Video signals were then displayed and saved by 
video recording software (Smart Lab software). Video 
recordings were later analyzed and the ambulation paths 
and distances (cm) of honeybees were measured.  

 
Data analysis 

In PER conditioning, data were represented as the 
percentage of honeybees that responded correctly to 
limonene and menthene in testing session. Cold narcosis 
(30 min before, immediately after training, or 30 min 
before testing) was considered as a between-group factor. 
Data were analyzed by using SPSS statistical soft 
package (version 13.0). Between-group comparisons 
were completed with chi-square test (χ2-test). One-way 
ANOVA was used to analyze the locomotor activities of 
control and cold-treated honeybees. 

RESULTS 
Effects of cold narcosis on acquisition, consolidation 
and retrieval of mid-term olfactory memory in 
honeybees 

Figure 2A showed that compared with the control 
group, cold narcosis administrated either 30 min prior to 
training (Acqu) (Ctrl: 81.8% (18/22); Acqu: 41.2% 
(14/34); χ2=9.01, P=0.005) or immediately after training 
(Cons) (Ctrl: 81.8% (18/22);Cons: 45.5% (15/33); χ2= 
7.27, P=0.011) reduced the correct responding percen-
tages of  honeybees to conditioned stimuli, whereas, no 
significant differences were found when cold narcosis was 
administrated 30 min before testing (Retr: 75% (24/32); 
χ2=0.35, P=0.742). However, when cold narcosis was 
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administrated 1 h before training, honeybees were 
showed with intact memories in discriminating the 
rewarding and punishing stimuli (Ctrl: 80.1% (17/22); 
Acqu 1 h: 90.5% (19/21); χ2=1.37, P=0.412) (Figure 2B). 
 
Effects of acute cooling on the locomotor activities of 
individually isolated bees 

Ambulation paths and distances of honeybees were 

monitored and measured by the video analysis system 
developed in our lab (Figure 3). One-way ANOVA 
showed that compared with the control group, 15 min 
after the cold narcosis, the 5 min ambulation distances of 
honeybees decreased significantly (Ctrl: 346.65±27.1 cm; 
15 min: 212.46±36.4 cm; F(1, 45)=8.65, P=0.005). 
However, 30 min after the cold treatment, no difference 
was found (30 min: 358±39.9 cm) (Figure 4)  

 

Figure 2 Effects of cold narcosis on the percentage of correct responses of honeybees in the associative olfactory tasks  
A: Cold narcosis was administrated 30 min before training (Acqu), immediately after training (Cons) or 30 min before testing (Retr); B: Cold narcosis was 
administrated 1 h before training (Acqu 1h); Control honeybees received no cold treatment; Numbers of honeybees tested in each group are shown above the 
bars. *: P<0.05; **: P<0.01. 

 

 
Figure 3 Effects of cold narcosis on the ambulation paths of honeybees 

 Cold narcosis was performed 15 min and 30 min prior to the test. Paths of two honeybees in each group and their ambulation distances were shown. In the 
heading of each figure, the numbers between the two “_” represent the numbers of the honeybees used in each group; the numbers after “#” indicate the 
numbers of the monitoring cage accommodated honeybee.  
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Figure 4 Effects of cold narcosis on ambulation distances of 

honeybees 
Honeybees were ice cooled for 90 s and then their ambulation paths were 
monitored; the numbers above the bars represent the number of honeybees 
in each group. **: P<0.01  

DISCUSSION 
Memory is a complex process involving three 

different stages: acquisition, consolidation, and retrieval. 
In the present study, we found that cold narcosis 
significantly impaired the memory acquisition and 
consolidation but not retrieval in honeybees.  

Cold narcosis impairs memory acquisition in bees, 
which is consistent with previous studies showing that 
anesthesia destroys memory acquisition in mice and rats, 
e,g, ketamine treated rats need more time to reach the 
hidden platform in Morris Watermaze (Moosavi et al, 
2012); Culley et al (2003) observed impaired acquisition 
of spatial memory in aged rats and mice, which were 
administrated with isoflurane anesthesia two weeks earlier.  

In the present study, the impairing effects of cold 
narcosis on memory acquisition in honeybees were time-
dependent and short-termed. Cold narcosis administrated 
1 h before training did not affect the olfactory memory, 
which may be due to the fact that brain temperature 
could go back to normal after cold treatment, therefore 
the impairing effects of cold narcosis were reversed. 
These results also suggested that when using honeybees 
as an animal model, at least 1 h was necessary for them 
to revive from harnessing before any training trial. 

Moreover, we also found the impairing effects of 
cold narcosis on memory consolidation in the present 
study. Fresh memories are sensitive to disruption. Cons-
olidation starts after training and may need hours to 
stabilize. The effects of cold treatment on memory 
consolidation in honeybees have been reported in 
previous studies, e.g, the reversible block of neural 
activities induced by the localized cooling of mushroom 
bodies in honeybee brain impairs its memory formation 
within 3−10 min after training (Erber et al, 1980).  

In the present study, memory retrieval was not 

significantly affected by cold narcosis, suggesting that it 
was more resistant to cold treatment than memory 
acquisition and consolidation were. Previous studies 
demonstrated that memory acquisition and consolidation 
shared with many molecular mechanisms while memory 
retrieval might recruit different ones (Abel & Lattal, 
2001; Carlini et al, 2010). Our study supported this view 
and showed that cold narcosis impaired acquisition and 
consolidation, but not memory retrieval of mid-term 
olfactory memory in harnessed honeybees. 

Besides of the anesthetic effects, brain activity is 
also temperature-dependent. In human beings, significant 
decrements have been observed in several types of 
cognitive measurements following cold stress, including 
vigilance, reaction time, reasoning skills, and short-term 
memory (Coleshaw et al, 1983; Patil et al, 1995). In rats 
that performed on a delayed matching-to-sample (DMTS) 
task at ambient temperatures of 23 °C and 2 °C, matching 
accuracy was significantly decreased during exposure to 
2 °C (Ahlers et al, 1991; Steele & Morris, 1999). Studies 
have found that temperature fluctuations in brain 
significantly affect the electrophysiological responses in 
many brain areas (Winter, 1973). The amplitude of action 
potentials in neurons could be reduced by cooling 
(Andersen & Moser, 1995). Stimulus-elicited neuron 
transmitter release was slower and less synchronized in 
cold conditions (Barrett et al, 1978). Furthermore, cold 
treatment as a stressor could affect learning and memory 
as reported in many researches (Zheng et al, 2008; 
Gunstad et al, 2009). 

Since the time interval between training trial and 
testing trial was 1 h, the retrieval group received cold 
treatment 30 min after training. This finding was 
consistent with studies showing that signals were held in 
a long-term storage which was no longer sensitive to 
impairment 15 min after conditioning (Erber et al, 1980). 
These also indicated that post-acquisition cold stress 
could disrupt early consolidation process.  

 Fifteen min after the cold narcosis, the locomotor 
activities of honeybees decreased severely compared 
with those of control honeybees. However, 30 min after 
the treatment, their locomotor activities revived to the 
normal level. Thus, the impairments of olfactory memory 
acquisition and consolidation were not due to the cold 
induced locomotor activity decreasing. The intact 
memory retrieval in this study also supports this view.  

In conclusion, the PER paradigm applied in this study 
is widely used to test learning and memory in honeybees, 
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through which, we found that the mid-term olfactory 
memory acquisition and consolidation in honeybees could 
be sensitively affected by cold-induced narcosis, whereas 
memory retrieval might be cold resistant.  
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Abstract: While developmental plasticity can facilitate evolutionary diversification of organisms, the effects of water levels as an 
environmental pressure on tiger frogs remains unclear. This study clarifies the relationship by studying the responses of tiger frog 
(Hoplobatrachus chinensis) tadpoles to simulated hydroperiods (i.e., constant low water levels, constant high water levels, increasing 
water levels, decreasing water levels, rapid changes in water levels and gradual fluctuations in water levels) in a laboratory setting. 
ANOVA analysis showed that none of the water level treatments had any significant effect on the total length, body mass, or 
developmental stages of H. chinensis tadpoles half way through development (11 days old). Tadpoles raised in rapidly fluctuating 
water levels had protracted metamorphosis, whereas tadpoles raised under low and gradually fluctuating water levels had shortened 
metamorphosis. None of the water level treatments had a significant effect on the snout-vent length (SVL) or body mass of H. 
chinensis tadpoles at Gosner stage 42, or on the body mass of tadpoles at Gosner stage 45. However, the tadpoles raised in high 
levels and rapidly fluctuating water levels, significantly larger SVL at Gosner stage 45, while ones under gradually fluctuating water 
levels had smaller SVL than the other groups. Time to metamorphosis was positively correlated with body size (SVL) at 
metamorphosis in H. chinensis tadpoles. H. chinensis tadpoles under constant low water level had the highest mortality rate among 
all the treatments (G-test). Moreover, ANOVA and ACNOVA (with body length as the covariate) indicated that water levels had no 
significant effect on either the morphology (i.e. head length, head width, forelimb length, hindlimb length and body width) or the 
jumping ability of juvenile H. chinensis. These results suggest that the observed accelerated metamorphosis and high mortality of H. 
chinensis tadpoles under decreasing water level treatment was driven by density-induced physical interactions among increasing 
conspecifics. 

 
Keywords: Hoplobatrachus chinensis; Tadpole; Water level; Metamorphosis; Developmental plasticity; Jumping ability 

Developmental plasticity is the ability of a given 
genotype to give rise to different phenotypes when 
reared in different environmental conditions, and it can 
increase fitness of certain populations in variable 
environments (Fusco & Minelli, 2010; West-Eberhard, 
2003). The intensity developmental plasticity is 
correlated with both biological factors, such as food 
availability (Enriquez-Urzelai et al, 2013), pressure from 
predators (Hossie & Murray, 2012; Relyea, 2002) and 
population densities (Browne et al, 2003; Newman, 1994; 
Semlitsch & Caldwell, 1982; Tejedo & Reques, 1994), 
and non-biological factors, such as water temperature 
(Newman 1989), hydrological periods (Amburgey et al, 
2012; Loman, 2002; Row & Dunson, 1995; Ryan & 
Winne, 2001) and the hydroperiod duration (Johansson 

et al, 2005; Newman, 1992; Tejedo & Reques, 1994). 1 
One example of developmental plasticity is the 

adaptation of tadpoles to temporary changes in their 
environment (Newman, 1992). Amphibians usually 
choose to reproduce in temporary water bodies such as 
puddles and ditches, which are likely to dry up. 
Amphibian larvae must metamorphose and grow quickly 
in order to migrate out of ponds before they evaporate 
(Altwegg & Reyer, 2003; Johansson et al, 2005). Some 
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tadpoles respond to changes in their aquatic environment 
by either expediting development when puddles are 
drying or protract it when ponds are replenished (Hyla 
pseudopuma, Crump, 1989; Rana temporaria, Loman, 
1999; Scaphiopus couchii, Newman, 1989; Pelodytes 
punctatus, Richter-Boix et al, 2006a; Pelobates syriacus, 
Székely et al, 2010; Rana esculenta, Semlitsch & Reyer, 
1992; Rhinella spinulosa, Márquez-García et al, 2009). 
However, expedited development may result in a high 
tadpole mortality rate (Laurila & Kujasalo, 1999; Loman 
& Claesson, 2003; Rudolf & Rödel, 2007), 
comparatively smaller body sizes (Altwegg & Reyer, 
2003; Reques & Tejedo, 1997) and decreased jumping 
ability (Richter-Boix et al, 2006b).  

The tiger frog (Hoplobatrachus chinensis) is a 
Class II National Protected Species and uses temporary 
ponds, such as those found on farmland and the 
surrounding ditches, to propagate (Fan et al, 2012; Lin & 
Ji, 2005). In Lishui, the breeding season of tiger frog is 
from May to September, the first half of which is the 
raining season (May to June), followed by the hottest 
time of year (July to September). However, rainfall is 
often unpredictable, being low in frequency and high in 
precipitation. As a result, water levels during the tiger 
frog’s breeding season are both uni-directional with 
either gradient increase or decrease, and bi-directional 
with fast or slow fluctuations.  

This study measured the developmental phenotypic 
plasticity of tiger frog tadpoles in response to six 
different changes in water level under laboratory settings. 
Three data points were measured： (1) time taken for 
tadpoles to metamorphose and body size at time of 
metamorphosis under different water levels, (2) time of 
phenotypic plasticity, based on the length of time for 
morphology and the developmental stages of tadpoles, 
and (3) impact of water levels on mortality and jumping 
ability of juvenile frogs.  

MATERIALS AND METHODS 
Experimental animals 

Experimental adult tiger frogs were obtained from 
the Laboratory of Herpetology, Lishui University. One 
hundred and eighty eggs were randomly selected from 
five clutches laid on the same day and were incubated in 
a plastic container (70 cm × 50 cm × 40 cm, length × 
width × height) with water (20 cm), until individuals 
reached Gosner stages 26−27 (Gosner, 1960). The 

environmental conditions in the laboratory were 
(14L:10D) photoperiod with a water temperature of 
28±1℃.    
 
Experimental design  

In the wild, temperature, precipitation and size of 
water body organically affect each pond’s hydroperiod, 
so six different water level treatments were devised to 
simulate the natural environment. In treatment 1 
(constant low) and treatment 2 (constant high), water 
levels were maintained at 30 mm and 100 mm during the 
experiment, respectively. In treatment 3 (increase), the 
water level was originally set at 30 mm, and then 
increased by 5 mm every 48 hours until a maximum 
volume of 100 mm was reached. In treatment 4 
(reduction), the water level was originally set at 100 
mm, and then reduced by 5 mm every 48 hours until a 
minimum volume of 30 mm was reached. In treatment 
5 (fast fluctuation), the water level was originally set 
at 100 mm, and then was adjusted repeatedly (during 
each cycle, water level was reduced to 30 mm after 48 
hours, and then increased to 100 mm after another 48 
hours). In treatment 6 (slow fluctuation), water level 
was originally set at 100 mm, and then adjusted 
repeatedly (during each cycle, the water levels were 
reduced to 30 mm after 120 hours, and then increased 
to 100 mm after another 120 hours). Tadpoles were 
randomly assigned to each treatment with 5 replicates 
each (one tail-nipped replicate of each treatment was 
reserved to replace the dead individuals) (6 
treatments×5 replicates×8 animals/ container=240 
tadpoles total). Tadpoles were fed with bullfrog 
pellets (protein) once daily. 

During the experiment (approximately 50 days), the 
outdoor area was equipped with a transparent weather 
shed and bug net, and the evaporation loss of every 
container was compensated twice daily. Every 48 hours, 
water was completely replaced with de-chlorinated tap 
water. Moreover, the containers were also rearranged to 
minimize temperature differences. HOBO temperature 
data loggers (USB, U12-006) were read hourly to track 
the water temperatures of the six treatments. Tadpoles 
were checked daily and dead ones were replaced with 
similar sized, tail-nipped ones from the reserved replicate 
of each treatment (tail-nipped individuals were not 
included in statistical analysis). Time of metamorphosis 
was defined as both forelimbs emerged (Gosner stage 
42). After morphological measurements, the 
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metamorphosed individuals were housed in plastic bowl 
(opening diameter=150 mm) with 1mm mesh covering 
until tails were reabsorbed (Gosner stage 45).  

 
Morphological measurements  

Prior to the experiment, 15 tadpoles (Gosner stage 
26−27) were randomly selected. Their initial body mass 
and length (snout to tip of the tail) were 20.93±0.89 
(16.00−26.00) mg and 13.20±0.21 (11.86−14.55) mm. 
respectively. Individuals body mass, body length and 
development stage were determined on the days of 11th 

age (August 13), the forelimbs emergence (Gosner stage 
42), and the tail reabsorbed (Gosner stage 45). For 
tadpoles, the total length was measured (TL), whereas 
juvenile frogs at Gosner stage 42−45 the length from 
snout to vent (SVL) was measured. Tadpoles (including 
individuals at Gosner stage 42) were placed on a Petri 
dish with size standard on the bottom, and photographed 
by digital camera (Sony DSC-T100) from above, and 
then their morphology was analyzed by ImageJ 1.44p 
software (±0.01 mm). Developmental stages were 
determined with anatomical microscope (Nikon XTS30) 
following the table proposed by Gosner. Digital caliper 
was read for the head width, head length, body width, 
SVL, forelimb length and hindlimb length of juvenile 
frogs (Gosner stage 45) (Lin & Ji, 2005). Tadpoles were 
placed on dry surface water with blotting paper and then 
weighed by electronic scale (Sartorius, ±0.001 g). Time 
of metamorphosis was defined as the days from the 
beginning of experiment to the time the forelimbs 
emerged (Gosner stage 42). Survival rate was defined as 
the percentage of individuals that survived over the total 
sample number.  

 
Leaping distance measurements  

Ten to 15 minutes were allowed for the juvenile 
frog to acclimate the indoor environment (25±1℃). 
Then individuals with limbs soaked with 1% green 
edible pigment solution were motivated to jump on the 
white skip resistant paper by the gentle touch of a twig. 
At least 10 jumps were required for each individual. 
Jumping distance was defined as the distance between 
two successive hindlimb marks, and the longest 
distance was measured using a ruler (± 0.01 cm) 
(Köhler et al, 2011). 
 
Statistical analysis  

All statistical analysis was conducted in Statistica 

5.0. All variables were tested for normality and 
homogeneity using the Kolmogorov-Smirnov test and 
F-max test, respectively. Linear regression, one-way 
ANOVA, one-way ANCOVA and Turkey’s post hoc test 
were used to evaluate the differences in the variables and 
slope homogeneity among different treatments. 
Nonparametric analysis was conducted using a G-test. 
All results were expressed as mean±SE, with α=0.05 
taken as statistically significant.  

RESULTS 
Development at 11 days old  

ANOVA analysis indicated that water levels had no 
significant effect on total length (TL) (F5,194=0.47, 
P=0.798), body mass (F5,194=0.88, P=0.497), or 
developmental stages (F5,194=2.03, P=0.076) of 11-day-
old tadpoles (Figure 1).  

 
Figure 1 Effect of water levels on the total length, body mass 

and Gosner stage of H. chinensis tadpoles on the 11th day of age 
1: Constant low; 2: Constant high; 3: Increasing; 4: Reduction; 5: Fast 
fluctuation; 6: Slow fluctuation. 
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Survival rate, time to metamorphosis and size at 
metamorphosis  

G-test results indicated that water levels had a 
significant effect on the survival rate of individuals at 
Gosner stage 42 (G=12.87, df=5, P<0.05), but not on 
the ones at Gosner stage 45 (G=6.54, df=5, P>0.20). 
The survival rate of individuals at Gosner stage 42 
(G=83.77, df=1, P<0.001) and Gosner stage 45 (G= 
70.23, df=1, P<0.001) in constant low water level (trea-
tment 1) were both significantly lower than the other 
treatments (Figure 2).   

 

Figure 2 Effect of water levels on the survival rate of  
H. chinensis tadpoles at Gosner stage 42 and 45 

1: Constant low; 2: Constant high; 3: Increasing; 4: Reduction; 5: Fast 
fluctuation; 6: Slow fluctuation. 

 
One-way ANOVA analysis indicated that water 

level had a significant effect on time to metamorphosis 
(F5,127=3.02, P<0.013; 1b, 2ab, 3ab, 4ab, 5a, 6b). For 
individuals in the fast fluctuation treatment, time to 
metamorphosis was accelerated, whereas for individuals 
under constant low and slow fluctuation treatment, time 
to metamorphosis was shortened (Figure 3). 

 ANOVA analysis showed that water levels had 
significant effect on the SVL, but not on the body mass 
of juvenile frogs at Gosner stage 45 (SVL: F5,105=3.25, 
P<0.009; 1 ab, 2 a, 3 a, 4 ab, 5 ab, 6 b; body mass: F5,105=2.18, 
P=0.062), nor on the SVL nor body mass of ones at 
Gosner stage 42 (SVL: F5,124=0.90, P=0.483; body mass: 
F5,127=1.11, P=0.359) (Figure 4). When treatments 1 to 6 
were taken as variables, the time to metamorphosis and 
size at metamorphosis (SVL) were significantly 
positively correlated (r2=0.86, F1,4=25.10, P<0.008) 
(Figure 5).   

 
Morphological features and jumping ability of 
juvenile frogs  

ANCOVA analysis with SVL as covariant showed  

that there was no significant effect of water levels on 
juvenile frogs’ (Gosner stage 45) head length (F5,104=1.34, 
P=0.263), head width (F5,104=1.40, P=0.229),   

 

Figure 3 Effect of water levels on the time to metamorphosis 
of H. chinensis tadpoles 

1: Constant low; 2: Constant high; 3: Increasing; 4: Reduction; 5: Fast 
fluctuation; 6: Slow fluctuation; Different superscripts indicate significant 
difference (Tukey’s test, α=0.05, a>b). 

 
Figure 4  Effect of water levels on the snout-vent length (SVL) 
and body mass of juvenile H. chinensis at Gosner stage 42 and 45  
1: Constant low; 2: Constant high; 3: Increasing; 4: Reduction; 5: Fast 
fluctuation; 6: Slow fluctuation; Different superscripts indicate significant 
difference (Tukey’s test, α=0.05, a>b). 
 
forelimb length (F5,104=1.24, P=0.297), hindlimb length 
(F5,104=0.44, P=0.818) or body width (F5,104=0.44, 
P=0.818). ANOVA analysis (F5,102=0.88, P=0.499) and 
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ANCOVA analysis with SVL as covariant (F5,101=0.66, 
P=0.658) indicated that water levels had no significant 
effect on the jumping abilities of juvenile frogs (Gosner 
stage 45) (Figure 6). 

 

Figure 5 Correlation between average time and snout-vent 
length (SVL) at metamorphosis with different water levels 

 

Figure 6 Effect of water levels on the jumping abilities of 
juvenile H. chinensis at Gosner stage 45  

1: Constant low; 2: Constant high; 3: Increasing; 4: Reduction; 5: Fast 
fluctuation; 6: Slow fluctuation. 

DISCUSSION 
Environmental heterogeneity plays a pivotal role in 

the evolution of biological phenotypic plasticity (Sultan 
& Spencer, 2002). Natural selection favors animals with 
the most suitable phenotype for interacting with their 
environment, and variations in phenotype, and the 
corresponding genotype, exist to adapt to a specific 
environment (Via & Lande, 1985; Whitlock, 1996). 
Indeed, the temporary ponds many amphibians choose to 
spawn or tadpoles use to grow are typical examples of 
environmental heterogeneity.     

 
Time to metamorphosis and size at metamorphosis 

Amphibians are characterized by a phenotypic 
plasticity both in time to metamorphosis and in size at 

metamorphosis, especially for species’ that breed and 
develop in temporary ponds (H. pseudopuma, Crump, 
1989; Scaphiopus hammondii, Denver et al, 1998; R. 
spinulosa, Márquez-García et al, 2009; S. couchii, 
Newman, 1989; Richter-Boix et al, 2011; Bufo 
americanus, Wilbur, 1987). The present study indicated 
that water levels can significantly influence the time to 
metamorphosis of tiger frog tadpoles. The shortest 
metamorphosis time was recorded for tadpoles under 
constant low and gradually fluctuating treatments, which 
supports previous research (Denver et al, 1998; Loman, 
1999; Newman, 1989; Richter-Boix et al, 2006b; Spieler, 
2000; Wilbur, 1987). However, different phenomena 
were observed in H. pseudopuma, Pleurodema dipolister, 
and Rhinella granulose tadpoles (Crump, 1989; Maciel 
& Juncá, 2009). Rapidly fluctuating water levels 
treatment is the closest approximation to the natural 
environment of tiger frog tadpoles, and the longest 
metamorphosis period was recorded under this treatment. 
The researchers believe that this is a result of long-term 
population adaptation.  

The size at metamorphosis in amphibians could be 
affected by the development rate (Newman, 1992; 
Wilbur & Collins, 1973). Our results showed that 
although water level had no effect on the size of tadpoles 
at Gosner stage 42, relatively smaller and bigger body 
sizes were recorded under constant low and constant 
high water levels, respectively. For tadpoles at Gosner 
stage 45, individuals under constant high and increasing 
water levels had relatively larger SVL, whereas 
individuals under gradually fluctuated water level 
treatment were comparatively small (Figure 4). Under 
different water levels, the time to metamorphosis and 
size at metamorphosis were significantly positively 
correlated. These findings are consistent with earlier 
reports. For example, S. hammondii tadpoles that live in 
permanent ponds can protract metamorphosis and are 
larger than those in temporary ponds (Morey & Reznick, 
2000). Moreover, tadpoles of many species of Pelobates 
can accelerate their development migrate before a pond 
dries, but they have a smaller body size (Denver et al, 
1998; Newman, 1989; Pfennig et al, 1991).        

A series of studies show that the developmental 
responses of amphibian tadpoles to drying habitats were 
induced by changes to a series of environmental factors, 
such as an increase in water temperature (Gotthard & 
Nylin, 1995; Newman, 1992; Tejedo & Reques, 1994; 
Wilbur, 1990), alterations of substance concentrations in 
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water (Gerlanc & Kaufman, 2005; Morey & Reznick, 
2004), increased density of tadpoles ( e.g. food limitation, 
recrement accumulation and interspecies physical contact) 
(Brady & Griffiths, 2000; Enriquez-Urzelai et al, 2013; 
Leips et al, 2000; Loman, 1999; Newman, 1989; Wilbur 
& Collins, 1973), pressure from predators (Hossie & 
Murray, 2012) and the decrease of available swimming 
area (Denver et al, 1998), etc. In this study, the average 
water temperature of the six different treatments was 
comparable (ANOVA, P>0.05), and water was 
completely changed every 48 hours to minimize the 
influence of PH, salinity (e.g. ammonium salt) (Gerlanc 
& Kaufman, 2005), waste products (e.g. faeces and CO2) 
and dissolved oxygen (Morey & Reznick, 2004), etc. 
These components cannot not be used to explain the 
accelerated metamorphosis of tadpoles in decreasing 
water levels. Moreover, the tadpoles in the present study 
were fed with abundant food (low water level did not 
interfere with individual swimming or food intake) and 
were well protected, so food and predator are irrelevant 
to the shortened metamorphosis of tadpoles in reduced 
water levels. 

The density of tadpoles increased alongside water 
level reduction, and was accompanied by more physical 
interaction among conspecifics. In most amphibians, 
tadpole aggregation hinders development and growth 
(Semlitsch & Caldwell, 1982). Denver et al (1998) 
reported that the decrease of swimming volume was 
directly responsible for the shortened metamorphosis and 
small body size of S. hammondii tadpoles. So, when the 
concentrations of soluble substances cannot explain the 
responses of tadpoles to water level reduction, then 
increased physical interaction among conspecifics might 
be considered. In our study, tiger frog tadpoles under 
constant low water level treatment had the highest 
mortality rate and the shortest metamorphosis time of all 
groups (Figure 2 and 3). Therefore, increased physical 
contact among conspecifics induced by the increased in 
population density that accompanies a decrease in water 
level could be an important factor in the tiger frog 
tadpoles’ accelerated metamorphosis.         

 
Developmental plasticity and mortality of tadpoles, as 
well as heterogenic growth and jumping ability of 
juvenile frogs   

In this experiment, the six different water levels had 
no effect on the growth (body length and mass) or 
developmental stage of the tiger frog tadpoles 11 days of 

age. These phenomena indicate that tiger frog tadpoles 
demonstrate low plasticity in repose to chances in water 
levels during the early stages of development. In the wild, 
adult tiger frogs prefer to spawn after it rains. As a result, 
tadpoles usually will not detect water evaporation until 
after the initial development stages only by then will 
accelerated growth be triggered (Newman, 1992). These 
results are supported by the observation of tadpole 
plasticity during the mid-phrase of development (prior to 
metamorphosis, Gosner stage 36−38), who responded to 
water volume variations in laboratory (Denver et al, 1998; 
Kulkarni et al, 2011).        

The survival rate of tiger frog tadpoles at 
metamorphosis (Gosner stage 45) by treatment type, 
from high to low, is gradual fluctuation, increasing, 
decreasing, constant high, fast fluctuation, and constant 
low (22%) (Figure 2), The extremely high mortality is 
likely due to intensified competition causes by high 
population density, also called the density-dependent 
effect (Alford et al, 1999; Loman, 1999; Reques & 
Tejedo, 1997). Moreover, cannibalism exists among tiger 
frog tadpoles, so mortality could increase with density 
(unpublished data). The relatively high mortality among 
tadpoles in the rapidly fluctuating water levels also 
indicates that tiger frog tadpoles are sensitive to dramatic 
decreases of water, and that inter-individual competition 
increases alongside density. 

Field survey data showed that habitats that are 
drying out were negatively correlated with the head 
morphology and hindlimb length of amphibians, which 
are vital to an individual’s fitness and to adapting to 
environmental changes (Johansson & Richter-Boix, 2013; 
Newman 1989; Márquez-García et al, 2009; Richter-
Boix et al, 2006b; Tejedo et al, 2010). In the present 
study, however, no significant differences were found in 
the head length, head width, body width, forelimb length, 
hindlimb length and jumping ability of juvenile tiger 
frogs (Gosner stage 45) under different water levels. 
These might be due to interspecific differences and the 
directional developmental differentiation in amphibians 
responding to drying signals.      

In summary, water levels could significantly impact 
the time to metamorphosis and size at metamorphosis of 
tiger frog tadpoles, but not the morphology or jumping 
ability of juvenile frogs. Time to metamorphosis and size 
at metamorphosis were positively correlated, whereas high 
mortality rate and small body size were positively 
correlated with water level reduction. The phenotypical 
plasticity was more obvious during the post phase of 
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tadpole development, and more frequent physical 
interaction among conspecifics induced by increased 

population density may be the main reason why tiger frog 
tadpoles accelerate their metamorphosis in drying habitats.
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Abstract: Arctodiaptomus salinus inhabits water bodies across Eurasia and North Africa. Based on our own data and that from 
the literature, we analyzed the influences of several factors on the intra- and inter-population variability of this species. A strong 
negative linear correlation between temperature and average body size in the Crimean and African populations was found, in 
which the parameters might be influenced by salinity. Meanwhile, a significant negative correlation between female body size 
and the altitude of habitats was found by comparing body size in populations from different regions. Individuals from 
environments with highly varying abiotic parameters, e.g. temporary reservoirs, had a larger body size than individuals from 
permanent water bodies. The changes in average body mass in populations were at 11.4 times, whereas, those in individual 
metabolic activities were at 6.2 times. Moreover, two size groups of A. salinus in the Crimean and the Siberian lakes were 
observed. The ratio of female length to male length fluctuated between 1.02 and 1.30. The average size of A. salinus in 
populations and its variations were determined by both genetic and environmental factors. However, the parities of these factors 
were unequal in either spatial or temporal scales. 
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As a fundamental biological parameter, body size 
largely determines species’ functional and environmental 
characteristics, growth, life duration, population density, 
and species’ place in food webs (Peters, 1983; Schmidt-
Nielsen, 1984; Yodzis & Innes, 1992). Mean animal size 
in populations and communities can be, to some extent, 
an indicator of water quality in water bodies (Havens & 
Beaver, 2011).  

The average size of copepods in populations is 
determined by several factors (Deevey, 1964; Marcus, 
1979; Prusova & Shadrin, 1983; Shadrin & Solokhina, 
1992). In most species of freshwater and marine 
copepods, males and females are characterized with 
different body size (Bayly, 1978; Geddes & Cole, 1981; 
Shadrin & Solokhina, 1991). Meanwhile, the 
manifestation level of sexual size dimorphism in 
populations may vary (Rodriguez & Jimenez, 1989; 
Shadrin & Solokhina, 1991), which is likely to be 
applied in evaluating the population’s status and in 
monitoring aquatic ecosystems. However, correlations 

between factors determining average body sizes of cope-
pods are not yet well understood. 1 

The highly eurythermal and euryhaline species Arc-
todiaptomus salinus (Daday, 1885) inhabits different 
water bodies across Eurasia (from Spain to China) and 
North Africa, including deep lakes as well as different 
kinds of wetlands (Comín et al, 1983; Folijan, 1966; 
Krupa et al, 2008; Samraoui, 2002). Its most southern 
localities are in India and Algeria (N20-21°) (Samraoui, 
2002); the most northern localities are in the lower 
reaches of the River Ob (Russia) (N65°) (Seminoma et al, 
2000); the most western localities are in Spain and 
Morocco (E24°) (Alonso, 1990; Rokneddine & 
Chentoufi, 2004); and the most eastern localities are in 
China (E110°) (Zhao et al, 2005). A. salinus plays a 
dominant role in plankton in different types of water 
bodies (Folijan, 1966; Krupa et al, 2008; Marrone, 2006). 
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Understanding the effects of various factors on its size 
and level of sexual dimorphism are necessary in 
assessing its dynamics and functional roles in aquatic 
ecosystems. A. salinus populations in different types of 
water bodies have different average sizes (Folijan, 1966; 
Rokneddine, 2004), and their sexual dimorphism has 
long been known (Folijan, 1966; Mohammed & Salman, 
2009), but the influences from various factors are yet to 
be elucidated. 

There are three objectives of this: (1) to assess the 
effects of various factors on the average adult size of A. 
salinus and its variability in different populations; (2) to 
analyze the manifestation level of sexual dimorphism in 
A. salinus from different regions; (3) to discuss the role 
and maintenance of intra-population diversity. This study 
mainly focuses on A. salinus from water bodies of the 
Crimea, the largest peninsula in the Black Sea. Among 
the more than 50 shallow saline lakes in the Crimea, ones 
of marine origins are characterized by a similar ion ratio 
as that of seawater, while ones of continental origins are 
sulfate lakes (Shadrin, 2008, 2009).  A. salinus was 
found in the saline/hyper-saline water bodies of both 
marine and continental origins (Anufriieva & Shadrin, 
2014; Balushkina et al, 2009; Belmonte et al, 2012). Our 
years of integrated research of the Crimean lakes have 
been presented in a number of the publications 
(Balushkina et al, 2009; Belmonte et al, 2012; Shadrin, 
2008, 2009; etc.).  

MATERIALS AND METHODS 
Zooplankton samples collected from salt water 

bodies of the Crimea (Ukraine) (2009−2012) were 
served as our study materials. One additional sample 
(11/07/2012) was taken from the Tambukan salt lake, 
located in the North Caucasus (Russia). All the Crimean 
lakes are very shallow, as usually, less than 1 m in depth. 
Due to the difficulties in directly using plankton net we 
took a bucket of 5 L volume to take water. Meanwhile, 
zooplankton samples were collected quantitatively by 
filtering only 50−100 L of water through an Epstein net 
(mesh size 110 µm) because of its high density, and 
were then fixed by 4% formalin. Salinity, temperature, 
and pH of water were measured during sampling. 
Animal numbers were determined by direct counting 
under Olympus SZ-ST stereo microscope (2×) with 
subsequent recalculation on the volume of filtered water. 
Zooplankton samples from water bodies in Italy, Spain, 

and Tunisia, together with their accompanying 
information were kindly provided by F. Marrone. Total 
length of 30 (or less) individuals of each gender from 
each sample (total 634 specimens) were measured 
under Olympus SZ-ST stereo microscope (4×) using an 
ocular micrometer.  

Length variability in the samples was qualified by 
the coefficient of variability (CV) and the level of 
sexual dimorphism was evaluated by the ratio of female 
length to male length. Data were subjected to standard 
statistical processing. Significance of differences in 
average values was evaluated by Student’s t-test, and 
confidence level of correlation coefficients was 
determined by comparison with parameter critical 
values from the table (Müller et al, 1979). To evaluate 
homogeneity and the normality of lengths in the 
Crimean sets in males and females, the probability 
paper method (Cassie, 1954) was applied to analyze 
size frequency distributions. Moreover, published data 
on the size of A. salinus from different habitats (Table 1) 
were included in the main analysis. Samples included in 
our analysis were presented in Table 2.  

RESULTS 
Mean length of males and females 

The average size of females and males were 1.65 mm 
(varying from 1.24 mm (Lake Tambukan) to 2.29 mm 
(Lake Takilskoye)) and 1.53 mm (varying from 1.15 mm 
(Lake Tambukan) to 2.02 mm (Lake Takilskoye and 
Sebkha El Ariana)), respectively. In the Lake Issyk-
Kul population, the average size of females and males 
were 1.00 mm and 0.77 mm (Folijan, 1966), 
respectively. The largest females (2.38 mm) were 
found in Sebkha Zima (Rokneddine, 2004) population.  
Thus, among different populations, the differences in 
average size of females and males were up to 1.38 mm 
and 1.25 mm (Table 2), respectively. Copepods with the 
largest average size were from temporal and ephemeral 
ponds with highly variable abiotic parameters. Among 
the sampled lakes in the Crimea, Lake Takilskoye, in 
which the biggest copepods were found, is the most 
variable one, characterized with frequent and long dry 
periods. While, the smallest copepods were found in both 
Lake Issyk-Kul, the deepest lake with a maximum depth 
of 702 m, and Lake Shira, which is 24 m in depth. These 
results are consistent with previous research (Geddes & 
Cole, 1981). 
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Table 1 Characteristics of A. salinus habitats included in this study 

Water body Country, region Coordinate Type of the habitat Altitude Area (km2) Max depth (m)

Lake Banyoles Spain N42°07′−E02°45′ Lake, permanent 172 1.18 62.4 

Pantano Grande di Vendicari Italy, Sicily N40°44′−E33°30′ Swamp, temporary 0 − − 

Sebkha El Ariana Tunisia N40°53′−Е32°37′ Sebkha, temporary 1 − − 

Stagno 4 di Isola Longa Italy, Sicily N41°57′−Е33°17′ Pond, temporary 2 − − 

Lago di Pergusa Italy, Sicily N41°31′−E33°20′ Lake, unstable 667 1.83 12 

Lake Tambukan, Russia, Kabardino-Balkaria N43°58′−E43°10′ Lake, unstable 548 1.87 10 

Lake Takilskoye Ukraine, Crimea N45°07'−E36°24' Lake, unstable 0 0.25 1 

Lake Yanyshskoye Ukraine, Crimea N45°07'−E36°24' Lake, unstable 0 0.2 1 

Aktashskoye Ukraine, Crimea N45°22'−E35°49' Lake, unstable 0.5 26.8 2 

Tobechik Ukraine, Crimea N45°10'−E36°21' Lake, unstable, temporary 0.3 18.7 1.2 

Shagan Kazakhstan N50˚25'−E80˚09' Man-made reservoir on river 340 − − 

Issyk Kul Kyrgyzstan N42°26′−E77°11′ Big Lake, permanent, stable 1609 6236 702 

Lake Shira Russia, Siberia (Khakassia) N54°31′−E90°12′ Lake, permanent 353 35 24 

Lake Shunet Russia, Siberia (Khakassia) N54°25′−E90°14′ Lake, permanent 319 0.47 3 

Sawa Lake Southern Iraq N31°18′−E45°10′ Lake, unstable 30 10 5 

La Sebkha Zima Morocco N32°05′−W08°40′ Salt Marsh, temporary 365 7 − 

Table 2 Average body length and sexual dimorphism of A. salinus in different water bodies 
Water body Study date Salinity (‰) Temperature (°C) Length ♀ (CV) Length ♂/(CV) Length♀/L♂ Reference source

Lake Banyoles 17/06/05 0.7-2 − 1.42 (3.32) 1.26 (5.00) 1.13 6 

Pantano Grande di Vendicari 21/04/05 19.6 15.4 1.55 (17.96) 1.48\ (6.68) 1.04 6 

Sebkha El Ariana 15/02/06 2.2 19.2 2.08 (7.26) 2.02 (3.42) 1.03 6 

Stagno 4 di Isola Longa 25/02/05 3.0 13.7 1.45 (7.52) 1.41 (5.18) 1.03 6 

Lago di Pergusa 30/07/02 5.0 25.6 1.72 (8.44) 1.65 (4.04) 1.05 6 

Lake Tambukan 11/07/12 21 22 1.24 (5.19) 1.15 (7.24) 1.07 6 

Lake Yanyshskoye 02/06/12 25 24 1.44 (10.22) 1.44 (12.23) 1.00 6 

Lake Takilskoye 01/05/09 16 13 2.29 (5.58) 2.02 (3.83) 1.13 6 

Lake Yanyshskoye 01/05/09 16 13 2.08 (11.46) 1.94 (8.69) 1.07 6 

Lake Yanyshskoye 13/08/09 74 24.5 1.62 (6.57) 1.45 (5.58) 1.12 6 

Aktashskoye 06/08/12 60 32 1.41 (5.45) 1.26 (5.58) 1.12 6 

Tobechik 17/08/10 35 26 1.49 (6.26) 1.32 (4.95) 1.13 6 

Shagan − 28 24 1.66 1.51 1.10 5 

Issyk Kul − 5.9 3-23 1.00 0.77 1.30 2 

Lake Shira − 17.5 − 1.02 − − 1 

Lake Shunet − 22.6 − 1.18 − − 1 

Sawa Lake − 14−19 9.38 1.38 1.11 1.24 3 

La Sebkha Zima − 0.6−171 12.3−28 1.24−2.36 − − 4 

References: 1: Anufrieva (2006); 2: Folijan (1966); 3: Mohammed & Salman (2009); 4: Rokneddine (2004); 5: Stuge (2001); 6: own data. 

 
Probabilistic analysis was used to analyze 

occurrence frequencies of individuals with different size 
in the Crimean lakes, by which bimodal distributions 
were found. Among the two size groups of females and 
males (Figure 1), the average length of a “small” and a 
“large” female were 1.51 mm (CV=9.89) and 2.25 mm 

(CV= 6.27), respectively, whereas, those in males were 1.38 
mm (CV=10.22) and 2.00 mm (CV=5.62), respectively. 
In general, 71%−74% of the Crimean A. salinus 
specimens were “small” sized individuals. Typically, 
populations mainly consisted with one sized individuals 
were sharply dominated at any given moment in a lake.  
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Figure 1 Occurrence frequencies of size groups in female (A) and male (B) A. salinus from the Crimean lakes samples 
 

Index of sexual dimorphism 
The average index of sexual dimorphism of A. 

salinus populations in the Crimean water bodies was 
1.11 (1.00−1.3, CV=7.51), whereas, those of “small” and 
“large” sized populations were 1.10 and 1.13, respect-
tively. Data obtained from different periods of a single 
lake (Lake Yanyshskoye) showed that this index could 
vary widely within a population. 

 
Factors influencing length 

No linear relationship between size and salinity in 
the entire sets of samples was demonstrated (Figure 2A). 

In A. salinus from the Crimean lakes, a dramatic 
decrease in body size of both males  and females with 
increase of salinity from 13‰−15‰ up to 30‰−40‰ 
were noted, and their average sizes were not affected by  
more salinity increase (up to 80‰) (Figure 2B).  

A significant correlation between average size of 
females and temperature in the entire set of samples is 
shown in Figure 3A (P<0.05, correlation coeffi-
cient=0.53), whereas, the analogous correlation 
coefficient in males was 0.577 (P<0.05). Thus, the 
geographic variations in females (28%) and males (33%) 
could be explained by temperature differences. This  

 
Figure 2 Influence of salinity on average body length of A. salinus females 

A: Inter-population comparison; B: The Crimean population. 

 

Figure 3 Influence of temperature on average length of A. salinus females 
A: Inter-population comparison; B: The Crimean population. 
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relationship was even stronger when considering only the 
Crimean samples into account (Figure 3B) (P<0.005, 
correlation coefficient=0.987). In a certain temperature 
range (13−32 °C), the dependence could be inferred by a 
linear equation: 

L♀=2.73−0.045 t                                    (1) 
Where, L♀: size of females (mm), t: temperature (°C). 

A similar relationship was also observed in males 
(P=0.0005, correlation coefficient=0.999), and the de-
pendence could be deduced by the equation: 

L♂=2.49−0.042 t                                      (2) 
Where, L♂: size of males (mm), t: temperature (°C). 

No pH effects on average body sizes of males and 
females in the Crimea lakes were found. 

To evaluate the dependence of average size of males 
and females on population density, we exclusively 
adopted our Crimean data, which are the only ones with 
population density values, but no significant relationship 
was found. 

Using data from Table 2, a negative linear correlation 
between female body size and altitudes of the habitats 
were found (P<0.05, correlation coefficient=0.466). Thus, 
22% of total body size variability might be explained by 
the altitude differences in water bodies. However, no 
significant correlation between the depth of water bodies 
and female size was found.  

Although the Crimean lakes and Lake Tambukan are 
quite close in population density, salinity, and 
temperature, the average size of individuals in the 

Crimean lakes populations was twice as large as those in 
Lake Tambukan. 

 
Intra-population variation of body length 

Comparisons of CVs showed that in the general 
data set, the variations in size of males and females 
were 20.40 and 20.89, respectively. CVs of average 
intra-population size in total samples were 19.85 (males, 
3.42−12.23) and 19.93 (females, 3.32−17.96), whereas, 
those in the Crimean population were fluctuated from 
5.45 to 11.46 in females and from 3.83 to 12.23 in 
males. These data indicated that inter-population 
variation was higher than that of intra-population. 
Meanwhile, certain non-linear dependence between 
intra-population CV and salinity was presented. The 
highest CVs in females and males were both observed 
in a narrow range of salinity (15‰−25‰).  

CVs of average size in males and females in the 
Crimean sample sets were not significantly dependent 
on temperature. Variations of body size in females (CV) 
in the Crimean lakes demonstrated a significant positive 
linear dependence on population density (P<0.025, 
correlation coefficient=0.82) (Figure 4), whereas this 
correlation in males was more close to a dome-shaped 
dependence (Figure 4) (P<0.05, correlation 
coefficient=0.76).  A positive but not significant trend 
was found between the average body length in popula-
tion and coefficient of its variation due to the small 
number of analyzed samples. 

 
Figure 4 Influence of population density on variability of average body length of Arctodiaptomus salinus in the Crimean population 

A: female; B: male. 
 

DISCUSSION 
Inter-population differences in mean length: a 
functional aspect 

The average length of females in A. salinus popula-
tions varies from 1.00 mm to 2.38 mm. According to the 
correlation between body weight and length in calanoids 
(Balushkina & Winberg, 1979), the variation of body 

mass in different populations of A. salinus would be 11.4 
times, which indicates a significantly different functional 
role this species plays in specific habitats. Moreover, 
based on a parabolic equation describing the correlation 
of respiration rate and weights in copepods (Edmondson 
& Winberg, 1971), changes in an individual’s metabolic 
activities would also be high (6.2 times). 
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Length determined factors  
While the variation of body size in Copepoda 

(geographic, inter- and intra-water body, seasonal) has 
long been known (Deevey, 1964; Gaudy & Verriopoulos, 
2004; Marcus, 1979; Prusova & Shadrin, 1983), 
temperature is one of the main factors causing this 
variation in ectotherms (Partridge & French, 1996; 
Winberg, 1937). In Copepoda, body length generally is 
inversely proportional correlated with temperature and 
can be inferred by a linear regression equation (Marcus, 
1979; Prusova & Shadrin, 1983). By referring 
Rokneddine (2004), which described the effects of 
temperature (10−28°C) and salinity (10‰−40‰) on A. 
salinus female size (the Morocco population), we calcu-
lated the correlations coefficients and parameters of 
approximating equations. The linear regressions revealed 
a significant dependence of female size on temperature 
with good approximations (P=0.05−0.01, correlation 
coefficient=0.99−0.98). This dependence could be 
inferred by an equation: 

 L♀=a–b t                                                                 (3) 
Where, L♀：female body size (mm); t: temperature (°C); 
a and b: parameters. 

Parameters “a” and “b” vary with salinity; “a” 
decrease from 2.95 to 2.20 and “b” - from 0.061 to 0.021, 
respectively, when salinity increases from 10‰ to 40‰. 
Parameter “b” indicates the effect of temperature on 
body size, which decreases when salinity increases. 
Parameter “b” in the Crimean population is roughly the 
fair value of parameters in Rokneddine’s (2004) study. 
Therefore, we conclude that parameter “b” (0.04−0.05) 
can be applied in A. salinus populations, whereas, 
parameter “a” varies in different populations. Values of 
parameter “b” in other calanoids are various, for example, 
it is 0.016 in Acartia clausi Giesbrecht, 1889 (Prusova & 
Shadrin, 1983). 

No effects, but an insignificant negative correlation 
between body size and salinity in total samples were 
found in Rokneddine (2004)’s study. In general, salinity 
effects could be significantly altered by an increased 
temperature, which may explain why no correlation 
between body size and salinity in the Crimean population 
was found in hot summer (Figure 2B). 

Data from Table 2 show that the smallest average 
size in A. salinus was observed in the deepest 
oligotrophic lake, the Lake Issyk-Kul. But is the 
oligotrophy the only reason why A. salinus there is so 
small? Brooks (1968) claimed that the intensive 

development of predators might lead to the size decrease 
of planktonic copepods in a water body. Therefore, the 
several planktivorous fish species mainly feed on A. 
salinus in the Lake Issyk-Kul may explain the small 
average size of A. salinus (Folijan, 1966; Savvaitova & 
Petr, 1992) However, in the Lake Shira, a mesotrophic 
lake without fish, A. salinus is also very small. The 
largest average size of crustaceans was recorded in the 
Crimean lakes and in La Sebkha Zima, which are all 
hypereutrophic, very shallow, with highly variable 
salinity, and seasonally or periodically dried when 
salinity exceeds 350‰ (Belmonte et al, 2012; 
Rokneddine, 2004; Shadrin, 2009). Energy budget 
approach indicates that food quantity only limits 
definitive size of copepods in low concentration (Shadrin, 
2011), which may explain why high values of correlation 
coefficients of average size with temperature were 
observed in our highly productive lakes.  

Because all the lakes are located relatively close to 
each other in this study (<100 km), and A. salinus has 
rested eggs that can be dispersed between lakes by birds 
or wind, all the Crimean A. salinus has been regarded as 
a single population and their variations as an intra-
population variation. The comparison of intra- and inter- 
population differences in body size leads to the general 
conclusion that the intra-population variation of body 
size is primarily determined by ecology-physiological 
mechanisms and is lower than that of inter-population, 
which is determined by other factors, such as gene pool 
differences and biotic and abiotic characteristics of water 
bodies. This may explain the high level of correlation 
between average size and temperature in the Crimean 
population and the low level of correlation in total 
samples from different regions. But, more data are 
necessary to further discuss this matter. 

 
Sexual dimorphism 

In most Calanoida species, other than very few 
exceptions, females are always bigger than males (Bayly, 
1978; Gilbert & Williamson, 1983; Belmonte & Cavallo, 
1997). The smaller size of calanoid males is generally 
attributed to their shorter developmental span of 
copepodite stage (Corkett & McLaren, 1979), which 
enables males to fertilize females as soon as molting 
(Landry, 1978). In zooplankters, the smaller size and the 
reduced feeding activity of males could maximize female 
fecundity by decreasing intraspecific competition for 
food (Gilbert & Wiliamson, 1983). In unpredictable 
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environments, where generalism is favored, the sexual 
size-dimorphism may represent a way to widen the 
ecological niche of the species (Roughgarden, 1979). 
Thus, in A. salinus, their sexual dimorphism in 
populations is profitable. We assume that high levels of 
sexual dimorphism may present in stable habitats. 
Among the habitats shown in Table 1, the Lake Issyk-
Kul is the most stable (with the modest fluctuations of 
salinity and water levels) one and therefore, the highest 
level of sexual dimorphism (1.3) was observed there.  

The identified range of variability of sexual dimor-
phism index in A. salinus (1.0−1.3) is very close to those 
in 42 diaptomids species of North America (1.02−1.23) 
(Geddes & Cole, 1981). However, in our study, no 
correlation between the length of female and the index of 
sexual dimorphism was found.  

 
Size bimodality 

As in the Crimean lakes, in the lakes of Siberia (Shira 
and Shunet), two size groups of A. salinus females (0.95 
mm and 1.35 mm, respectively) were observed earlier. In 
the deeper lake, the Lake Shira, 3%−23% females were 
large sized ones, whereas, in the Lake Shunet, that was 
60% (Anufrieva, 2006). In Shagan, a reservoir in 
Kazakhstan, two size groups of A. salinus were also 
presented (Stuge et al, 2001). Meanwhile, size 
polymorphism was identified in several species of Cope-
poda, particularly, Paracalanus parvus (Claus, 1863) 
(Kovalev, 1969), Pseudocalanus minutus (Boeck, 1865) 
(Shadrin & Solokhina, 1991), Nannocalanus minor 
(Claus, 1863) and Euchaeta marina (Prestandrea, 1833) 
(Gruzov & Alekseeva, 1971), Neocalanus flemingeri 
Miller, 1988 and N. plumchrus (Marukawa, 1921) (Tsuda 
et al, 1999), Oncaea venusta Philippi, 1843 (Böttger-
Schnack & Huys, 2004).  

Such bimodality results from the interaction of 
several characteristics of the individuals composing a 
population with critical factors that influence those 
characteristics (Huston & DeAngelis, 1987). In our opin-
ion, these critical factors can be classified into: (1) 
differences in growth rates among individuals, which 
results from intra-population communications; (2) the 
genetic polymorphism in a population; (3) epigenetic 
diversity of developmental creods in a genotype.  

This bimodality might be explained by the high 
plasticity of species-specific developmental rates (Jimén-
ez-Melero et al, 2007). Like in many other aquatic 
organisms (Shvarts et al, 1976; Zelikman & Geinrikh, 

1959), two groups sharply differing in developmental 
rates were observed in A. salinus populations. 
Individuals developed rapidly were much smaller than 
the slowly developed ones. This is a population adapta-
tion to live in poorly predictable environments (Shvarts 
et al, 1976). It has been previously shown in copepods, 
including A. salinus, variations in developmental rates 
increase when animals are being reared under limited 
conditions, such as with temperature or salinity far from 
the optimum settings (Jiménez-Melero et al, 2007). The 
increased population density, as shown in Eucyclops 
serrulatus (Fischer, 1851) (Zelikman & Geinrikh, 1959) 
and Cyclops abyssorum Sars G.O., 1863 (Whitehouse & 
Levis, 1973), also significantly affects the median 
duration of development, meanwhile, increases its 
variation in copepod generations.  

Whether size polymorphism is caused by genetic 
polymorphism or phenotypic plasticity cannot be 
clarified in the present analyses. Currently, it is well 
known that a genotype may induce several discrete 
creods of development, resulting alternative discrete 
adaptive forms. C. Waddington (1940) wrote: “The 
phenotype can be represented as a branching system of 
trajectories in phase space spreading along the time axis”. 
Khlebovich (2009) showed that different external factors, 
e.g. predators, may affect prey “choice” of a creod of 
development, which leads, with an unchanged genotype, 
to the formation of morphologically different forms in 
the presence or absence of predators. Being an extremely 
plastic species, A. salinus lives under a wide range of 
both salinity (0.6‰−210‰) and temperature (1.5−35 °C) 
(Rokneddine, 2004; own unpublished data). It is hard to 
think that its existence in such broad habitat range is 
resulting from a single adaptive form. So far, it is tough 
to conclude if this bimodality is from different genotypes 
or is alternative discrete realizations of a single genotype.  

 
Intra-population variability 

CVs fluctuate widely in A. salinus populations 
(3.3−18.0), and likely are determined by the peculiarities 
of aquatic ecosystems and population genetic structures. 
Differences in average size variation/diversity in a 
population (CV) may depend on various factors affecting 
the genetic and epigenetic diversity in populations or on 
the destabilization of ontogenesis. In the Crimean 
populations, we found a significant positive correlation 
between population density and CV. Hence, we may 
conclude that the increase of genetic diversity in a 
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population correlates with the increase of its density 
(Aleschenko & Bukvareva, 1991; Coulson et al, 2001).  

Intra-population diversity is an adaptive potential of a 
population, which means that greater intra-population 
diversity gives a higher probability for the population’s 
survival in the unpredictable world. However, this 
greater diversity needs more energy to maintain 
(Aleschenko & Bukvareva, 1991). It is advantageous for 
a population to possess high levels of phenotypic 
diversity, but at the same time, there are only limited 
energy resources to sustain this diversity. The modeling 
studies show that for each population under certain 
conditions, there is an optimal diversity level, and any 
deviation of this level may increase the risks of becoming 
extinct (Aleschenko & Bukvareva, 1991). To achieve 
sufficient density in a less stable environment, a 
population is forced to produce more diversified offspring, 
and meanwhile, to optimize its maximum density based 
on the capability of the environment. Interactions of these 
two elements result in the level of intra-population 
diversity/variation. However, its quantification is to be 
determined.  

In conclusion, the average body size of A. salinus 
in populations varies in a wide range and has caused 
significant differences in the functional roles of this 
species plays in different habitats. In general, inter-
population differences are much higher than intra-
population variations. In lakes with two size groups of 

A. salinus, both the average size and variation in 
populations are regulated by different factors. Size 
structures can be affected by different mechanisms on 
intra- and inter- population levels. It is assumed that 
the levels of effects from genetic and environmental 
factors on size structures are different. But, more 
studies are necessary to evaluate the impacts of 
various factors on the average size of individuals and 
size diversity in copepods populations both in spatial 
and temporal scales. Meanwhile, more attention need 
to be devoted to study the phenotypic and genetic 
diversity in copepods populations to better understand 
the role of intra-population size diversity plays in 
population function and survival in the world full of 
changes. 
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The ichthyofauna of Vietnam can be well separated 
into a northern and a southern biome. Geographically, 
these biomes are split by central Vietnam's massive Ann-
amite Range. The northern biome shares many species 
with South China, while the southern biome resembles 
species assemblages of the Indian-Malayan subcontinent. 
The Annamite Range itself features a high endemism rate 
of highly specialized species in short and steep torrential 
streams running eastwards into the Gulf of Tonkin.  

Northern Vietnam hydrographically encompasses 
reaches of the Red, Pearl, Mekong, Ma, and Lam River 
basins, and many short coastal streams. The region is 
undoubtedly dominated by the Red River basin, which 
stretches from highlands in the Northwest through 
lowlands to the extensive delta at sea level in the East. 
The ichthyofauna of these water systems has been 
extensively reviewed during the past. There are basically 
three primordial works about the freshwater fish fauna of 
northern Vietnam. All of them have significantly 
influenced the taxonomy of fishes in the given region. 
These are the monographs of Mai (1978), Kottelat 
(2001b) and Nguyen & Ngo (2001) respectively Nguyen 

(2005a, 2005b) in chronological order.1Mai (1978) and 
Kottelat (2001b) are comparable, since they exclusively 
deal with northern Vietnamese freshwater and estuarine 
fishes, while Nguyen & Ngo (2001) and Nguyen (2005a, 
b) cover the ichthyofauna of entire Vietnam. Mai (1978) 
and Kottelat (2001b) give 201 and 268 species, 
respectively, including some species that were 
undescribed at that time. Nguyen & Doan (2008) state 
that the ichthyofauna of northern Vietnam has two 
origins: species that have spread from Yunnan and 
Guangxi Province, China, into Vietnam and a local origin. 
They provide numbers of fish species per subbasin of the 
Red River: 64 species and two subspecies for the Black 
River, the largest tributary of the Red River; 50 species 
and one subspecies for the Thao River (Red River stretch 
from Chinese border downstream to Viet Tri); 52 species 
and two subspecies for the Lo River, the second largest 
Red River tributary; and 29 species in the lower basin of 
the Red River. The authors emphasize a higher 
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biodiversity in mountainous regions than in lowland 
water bodies.  

In order to taxonomically and nomenclaturally 
review freshwater fish taxa which were recently 
described by Vietnamese ichthyologists from northern 
and central Vietnam, main repository ichthyologic 
collections in Hanoi were visited. Taxa listed herein 
may have nomenclatural relevance to the ichthyology 
of adjacent countries.  

MATERIALS AND METHODS 
Abbreviations used herein are: A=anal fin; C= 

caudal fin; D=dorsal fin; P=pectoral fin; V=pelvic fin; 
AMNH=American Museum of Natural History, New 
York; DVZUT=Department of Vertebrate Zoology of the 
Vietnam National University, Hanoi (obsolete name: 
University of Tong-Hop; abbreviation commonly used 
for the fish collection; further synonyms of DVZUT are 
VNUH, CRES, and NUH, all of them are in use); 
HNUE=Hanoi National University of Education, Hanoi 
(University Su Pham [from the Vietnamese Truong Dai 
hoc Su pham], Hanoi; Department Zoology, Faculty 
Pedagogy, National University, Hanoi); ICZN=Intern-
ational Commission on Zoological Nomenclature; IEBR= 
Institute of Ecology and Biological Resources, Hanoi; 
KIZ=Kunming Institute of Zoology, Kunming; lls=lateral 
line scales; LHL=Lateral head length; pds=predorsal 
scales; RIA 1=Research Institute for Aquaculture No. 1, 
Bac Ninh, Hanoi (NCNTTS I is a synonym); RIA 2= 
Research Institute for Aquaculture No. 2, Ho Chi Minh 
City; RIAH=a number code system used by Roberts & 
Catania (2008) for cataloguing lectotypes and neotypes 
stored in RIA 1, RIAH codes not maintained by RIA 1 
staff.  

If in the text is referred to 'the code', the intern-
ational code of zoological nomenclature of the fourth 
edition of ICZN is meant. This edition gained effective 
from 2012-01-01. Diagraphs and diacritics of the Viet-
namese alphabet are converted into the 26 letters of the 
ISO basic Latin alphabet. Counts, measurements, and 
terminology of morphological features follow Kottelat & 
Freyhof (2007), with the exception that lateral line scales 
are counted in total including those pored located on the 
caudal fin. Measurements were taken with a dial caliper 
to the nearest 0.1 mm. Counts and measurements were 
taken from the left side of a specimen whenever possible. 
Examinations were non-invasively. Examined specimens 
were stored in the repository collections of RIA 1, 

DVZUT, and HNUE. Access to the specimens was 
gained for examination under the care of the respective 
collection manager.  

RESULTS AND REMARKS 
Major repository ichthyologic collections in north-

ern Vietnam are RIA 1 in Bac Ninh, DVZUT, and HNUE, 
in Hanoi. Traditionally, specimens stored in northern 
Vietnamese collections nearly comprehensively originate 
from the lower branches of the Red River basin including 
specimens from its largest tributary-the Black River. A 
minor quantity of specimens hails from the Mekong, and 
the Pearl, Ma, and Lam Rivers. Fish species inhabiting 
water sheds located southern of the Lam River are shared 
between the collections of RIA 1, DVZUT, HNUE, and 
the collection of RIA 2 in Ho Chi Minh City. In RIA 2, 
there are chiefly stored specimens, which were obtained 
from southern Vietnam, encompassing the entire Mekong 
delta. The third Research Institute for Aquaculture (RIA 
3) in Nha Trang in south central Khanh Hoa Province is 
mainly engaged in fisheries and mariculture and is lack 
of a freshwater fish collection.  

The ichthyologic collections of RIA 1, DVZUT and 
HNUE were visited during beginning of April 2012. The 
largest collection is the one affiliated to the Research 
Institute for Aquaculture No. 1 in Bac Ninh, Hanoi. 
Unfortunately, it is widely uncatalogued with untagged 
specimens. It incorporates species described by Nguyen 
Van Hao (2005a, b). Catalogue (RIAH) numbers of 
lectotypes and neotypes assigned by Roberts & Catania 
(2008) were not maintained. It was impossible to trace 
back specimens using those numbers within the 
collection. The collection of DVZUT is catalogued, but 
specimens are widely untagged. It does not possess type 
material of recently described taxa. The majority of 
species described by Mai (1978) are stored in DVZUT. 
The small but tidy collection of HNUE keeps species 
described by Nguyen Huu Duc (e. g. Nguyen, 1997; 
Nguyen et al, 2009).  

Some of the taxa evaluated in Vietnamese collec-
tions had a single type specimen, a holotype designation, 
while others were originally described on a base of equi-
table type series specimens, usually referred to as synty-
pes. Attempts were made to identify the holotype and 
type specimens that are referred to in the original 
description by comparing available specimens with the 
specimen displayed in the original description, and by 
reconciling SL and TL with the text in the original descr-
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iption. In cases where the holotype was existent and 
could be unambiguously identified, it was examined, me-
asured and photographed, provided that it was in a signi-
ficant better state than accompanying paratypes. Examin-

ations performed in the collections were holotype biased, 
but generally focused on the best preserved type specimen.  

An overview of the nomenclatural acts taken in this 
contribution is described in Table 1. 

Table 1 Overview of the nomenclatural acts taken in this contribution 
Original combination Previous taxonomic status; references Taxonomic status herein 

Hemibarbus lehoai Nguyen, 2001 Hemibarbus lehoai Nguyen, 2001; replacement name 
for Hemibarbus longianalis Nguyen & Doan, 1969 Hemibarbus maculatus Bleeker, 1871 

Garra findolabium Li et al, 2008 Garra findolabium Li et al, 2008: Zhang & Zhou, 
2012 Vinagarra findolabium (Li et al, 2008) 

Sinigarra napoense Zhang & Zhou, 2012 Sinigarra napoense Zhang & Zhou, 2012 Sinigarra napoensis Zhang & Zhou, 2012 

Micronemacheilus bacmeensis Nguyen & Vo, 2005 Traccatichthys taeniatus (Pellegrin & Chevey, 1936): 
Kottelat, 2012 (species inquirenda) Traccatichthys bacmeensis (Nguyen & Vo, 2005)

Paracobitis hagiangensis Nguyen, 2005 Schistura hagiangensis Nguyen, 2005: Kottelat, 2012 
(species inquirenda) Schistura caudofurca (Mai, 1978) 

Channa hanamensis Nguyen et al, 2010 Channa hanamensis Nguyen et al, 2010 Channa hanamensis Nguyen et al, 2010 [nomen 
nudum] 

 

The nomenclature of the species accounts follows 
the original combination. Generic relocations and syno-
nymies are explained within the species accounts. Gen-
era are listed in the alphabetical sequence within their 
family. Species are listed in the alphabetical sequence 
within their genus.  

 
Cypriniformes: Balitoridae 

The type material of balitorid taxa described 
between 2002 and 2005 and stored in RAI 1 was repor-
ted lost, viz. Dienbienia namnuaensis Nguyen & Nguyen, 
2002; Balitora haithanhi Nguyen, 2005; Balitora 
nigrocorpa Nguyen, 2005; Balitora vanlani Nguyen, 
2005; Balitora vanlongi Nguyen, 2005; Beaufortia fas-
ciolata Nguyen, 2005; Beaufortia multiocellata Nguyen, 
2005; Beaufortia triocellata Nguyen, 2005; Hemimyzon 
songamensis Nguyen, 2005; Sinogastromyzon daon 
Nguyen, 2005; Sinogastromyzon hagiangensis Nguyen, 
2005; Sinogastromyzon hexaocellum Nguyen, 2005; 
Sinogastromyzon hypercorpus Nguyen, 2005; Sinogas-
tromyzon maon Nguyen & Nguyen (in Nguyen, 2005); 
Sinogastromyzon multiocellum Nguyen, 2005; Sinogas-
tromyzon namnaensis Nguyen, 2005; Vanmanenia cao-
bangensis Nguyen, 2005; Vanmanenia microlepis 
Nguyen, 2005; Vanmanenia monofasciodorsala Nguyen, 
2005; Vanmanenia nahangensis Nguyen, 2005; and 
Vanmanenia trifasciodorsala Nguyen, 2005. 

 
Cypriniformes: Cobitidae 
Cobitis ylengensis Ngo, 2003 (Figure 1) 

This taxon was described based on four specimens 
from Yleng village, Minh Hoa District in Quang Binh 

Province. This central province is chiefly drained by the 
coastal Gianh River. The type series has the Lot number 
501 of RIA 1. It was contained in a jar and carried a 
clean, printed label. There were eight untagged specim-
ens in the jar, while the original description gives four 
type specimens (Ngo, 2003). After evaluating the batch, 
one 82.7 mm SL specimen was examined, measured and 
photographed. Since the figure accompanied with the 
original description is less informative, the examined 
specimen is figured here (Figure 1). It could not be 
clarified if this specimen belongs to the type series. 
Kottelat (2012) treats C. ylengensis as a valid species, 
which is corroborated herein.  

 
Figure 1 Cobitis ylengensis; RIA1, 82.7 mm SL, lateral, dorsal 

and ventral view 
 

Cypriniformes: Cyprinidae 
Hemibarbus lehoai Nguyen, 2001 

Nguyen (in Nguyen & Ngo, 2001) delivers H. 
lehoai as a replacement name for H. longianalis Nguyen 
& Doan, 1969, a junior secondary homonym of H. 
longianalis Kimura, 1934, which has been commented 
by previous authors (Kottelat, 2001b; Roberts & Catania, 
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2008). Within the description, the specific epithet is also 
spelled llehoai (2001). Since the name is a dedication to 
Le Hoa Doan, the second author of the original 
description of H. longianalis, the spelling lehoai (a noun 
in genetive; indeclinable) is retained.  

The original description of H. lehoai carries the 
figure that is used in the original description of H. 
longianalis Nguyen & Doan, 1969. The type series, that 
was not seen, is stored in RIA 1, Hanoi, and is based on a 
holotype (Lot. number H.01.48.04.01) and two paratypes 
(Lot. number H.01.48.04.02), which were obtained on 
1965-03-15 from a stream called Nam Lay within the 
Black River subbasin, Muong Tung village, Muong Lay 
district. The province is named after Lai Chau by 
Nguyen, which is a correct statement for the given time. 
However, the city of Muong Lay was allocated to the 
newly created province of Dien Bien in 2004 and is 
located at the provincial border with Lai Chau. 
Considering the stream's name Nam Lay, it is believed 
that a river flowing northwards through Muong Lay city, 
a minor right bank tributary to the Black River, is meant, 
which entails that the type locality is located in Dien 
Bien Province, nowadays.  

A slight discrepancy about the type locality is that 
the type material of H. longianalis was obtained from a 
stream called Nam Lay (Nguyen & Doan, 1969). Nguyen 
(in Nguyen & Ngo, 2001), however, gives the stream's 
name as Man Lay (for H. lehoai). It is a lapsus clavis as 
the word's diacritics show that only two letters have been 
shifted. In fact, the Vietnamese 'nam' with the applied 
diacritics simply means river. Therefore and because of 
an identical collection date, the new type series (three 
specimens) of H. lehoai is considered a subset of the H. 
longianalis type series (eight specimens). 

Kottelat (2001b) questionably considers H. 
longianalis (= H. lehoai) to be a senior synonym of H. 
medius Yue, 1995. This is certainly a misidentification, 
since H. lehoai possesses a spotted body pattern and H. 
medius is spotless. Nguyen & Doan gives the key 
characteristics of H. longianalis as D II,7; P I,16; V I,8; 
A III,6; 45−48 lls, 6.5 scales to D origin, 5,5 scales to V 
origin; 5.3.1−1.3.5 pharyngeal teeth; 12 gill rakers on 
first branchial arch; body length 4.4−4.8 times body 
depth; 3.8−4.0 times head length; head length 2.5−2.7 
time snout length, 3.7−4.0 times eye diameter; 3.5−4.0 
times interorbital distance; upper body dark gray, belly 
light yellow, 9−12 black spots along lateral line. These 
characteristics are basically overtaken by Nguyen (in 

Nguyen & Ngo, 2001). He refines the description by 
adding some details, such as 12−14 circumpeduncular 
scales for H. lehoai. The key to the species of 
Hemibarbus in Vietnam in Nguyen & Ngo (2001) gives 
diagnostic characteristics for H. lehoai as D and C with 
dark spots; SL bigger than 4 times body depth; gill rakers 
on first branchial arch 10-12 (in description given to 
exactly 12 [4+8 (2001)]); D spine weakly developed, its 
length shorter than LHL; A well developed, its depth 
longer than LHL; and interorbital distance wide (2.7 to 
2.9 times in LHL). Except the slight deviation in gill 
rakers, there is another discrepancy hidden in the original 
description. The accompanying figure (2001, Figure 92) 
shows a specimen with an anal fin depth slightly deeper 
than its dorsal spine length, but inconsistent to the text, 
conspicuously shallower than its LHL. This characteristic 
requires verification via either type or topotypical material.  

Nguyen & Ngo does not list H. maculatus, a species 
described from the Yangtze basin, for Vietnam and does 
not provide characteristics to delimit H. lehoai from it. 
This has been done by Nguyen & Doan for H. Longia-
nalis. The authors delimit H. longianalis from H. 
maculatus in having fewer lls, more gill rakers, body less 
deep, and anal fin rays longer. Comparing these values 
with the values given in the original description of H. 
maculatus it must be stated that, there are few differences 
between the taxa: H. lehoai has 45−48 lls vs. 48 in H. 
maculatus, and body length 4.4−4.8 times body depth vs. 
4−4.5 times (Bleeker, 1971). Bleeker does not provide 
information about the number of gill rakers and the 
length of the anal fin rays in H. maculatus. Furthermore, 
the pharyngeal tooth formula matches exactly. Kottelat 
(2001a, Figure 85) provides a figure of H. maculatus 
from the Mekong basin in Laos, which closely resembles 
the specimen depicted by Nguyen.  

The taxon H. lehoai is tentatively treated as a junior 
synonym of H. maculatus basing on overlapping and 
congruent characteristics within the respective original 
descriptions. If future research shows, that the Black 
River population is distinct from the Yangtze population 
and from other Red River Hemibarbus, H. lehoai would 
be an available name for it.  
 
Lissochilus aluoiensis Nguyen, 1997 (Figure 2) 

The type series of L. aluoiensis was collected from 
A Luoi District in Thua Thien, Hue Province, Sekong 
River subbasin, Mekong basin, central Vietnam. It is 
composed of one holotype (200 mm SL) and three 
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Figure 2 Poropuntius aluoiensis, holotype, HNUE VI.1.I.21, 

193.8 mm SL, lateral view 
 
paratypes (133-140 mm SL [the SL of the largest 
paratype is given as 40 mm, which I consider to be an 
inadvertent typing error, and thus corrected it to 140 
mm]). The type series is stored in HNUE. The jar 
containing the holotype bore the number VI.1.I.21. The 
specimen displayed in the original description (Nguyen, 
1997; freshly dead specimen) is assumingly the holotype. 
It is clearly the specimen that I have examined and is 
depicted herein (Figure 2). It shows the damaged upper 
caudal fin lobe and the curved abdomen in the prepelvic 
portion as the specimen I have examined. I have 
measured its SL to 193.8 mm.  

The generic name Lissochilus Weber & de Beau-
fort, 1916 is preoccupied by Lissochilus Pethoe, 1882 
in Gastropoda Cuvier, 1797. It is a junior homonym and 
thus not available. Myers (1941) transferred basically 
all former species of Lissochilus to Acrossocheilus 
Oshima, 1919. Lissochilus aluoiensis has been placed 
in Poropuntius Smith, 1931 by Nguyen & Ngo (2001). 
Poropuntius bears the following synapomorphies: eight 
branched pelvic fin rays; tip and sides of the snout 
covered by tubercles; dark marginal stripes along both, 
the upper and lower lobes of the caudal fin contrasting 
to a hyaline or yellowish residual caudal fin; and lateral 
line tubes long with an accessory pore located on a 
ventral branch. The latter characteristic in some cases is 
only a few scales present or indistinct (Kottelat, 2001a; 
Rainboth, 1996). The specimen concerned met all 
characteristics with a small deviation, which the ceph-
alic tuberculation is restricted to the tip of the snout and 
does not spread to along the lateral sides. Hence and 
objectively, the taxon should be allocated within 
Poropuntius. Kottelat (2011) uses this new combination 
and treats it as a valid species, meanwhile, compares 
Poropuntius aluoiensis with a potentially new species 
from Dakchung, Laos.  

 
Spinibarbus maensis Nguyen, Duong & Tran, 2007 
(Figure 3) 

The original description (Nguyen et al in Duong et 

 

Figure 3 Spinibarbus maensis, holotype, HNUE, 261 mm SL, 
lateral view 

 
al, 2007) of S. maensis bases on a holotype (256 mm SL; 
obtained on 2002-11-12) from Cam Thuy district, Thanh 
Hoa Province, Ma River (Song Ma), and on a single 
paratype (214 mm SL; obtained on 2004-08-10) from 
Huong Son district, Ha Tinh Province, Ngan Pho River 
(Song Ngan Pho). The first author (Nguyen HD) facili-
tated access to the concerned type series. The printed 
HNUE label (Truong Dai hoc Su pham abbreviated to 
Truong DHSP) affixed to the jar did not bear a catalogue 
number, but false locality information, date and even 
another binominal specific epithet. The content of the jar 
was confirmed to be the holotype of S. maensis by the 
first author.  

Although the head of the specimen was bend at the 
nape in an unusual 45°angle to the right, and the abdo-
minal cavity was opened by a longitudinal cut, the 
overall condition of the specimen was good. The SL of 
the holotype was measured to 261 mm. This may be 
caused by the material's bend. The concerned specimen 
was examined, measured, and photographed, and is 
depicted herein (Figure 3). It is the specimen depicted by 
Nguyen et al (2007), though the bend is not visible 
therein. The photograph in Nguyen et al (2007) must 
have been taken prior to preservation, most likely 
showing the holotype freshly dead. According to Nguyen 
et al (2007), S. maensis is distinguished by a combination 
of two main characteristics: a high body (2.59−2.68 
times body height in SL [measured to 2.55; body height 
at dorsal fin origin; holotype]), and dorsal fin origin is 
located behind of the pelvic fin origin. In addition, it 
possesses 10 gill rakers on its first branchial arch; 
pharyngeal tooth formula: 2,3,5−5,3,2; head high and 
short; complete lateral line with 27−28 pored lls; and 14 
circumpeduncular scales. 

With the description of S. maensis, the number of 
spinibarbine fishes in the Ma River rises to three: S. 
maensis, S. denticulatus (Oshima, 1926), and S. hollandi 
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Oshima, 1919 (Kottelat, 2001a). S. maensis is herein 
considered a valid species of Spinibarbus Oshima, 1919. 
Synapomorphies of Spinibarbus are well explained in 
Yang & Chen (1994). The taxonomy of Spinibarbus is 
chaotic, particularly that of the Vietnamese taxa. The 
entity of original descriptions of Spinibarbus spp. of 
Vietnamese authors was compiled in Vietnamese 
language. English summaries of these descriptions are of 
low informative value in many instances, which makes it 
nearly impossible for foreign researchers to work with. 

 
Toxabramis maensis Nguyen & Duong, 2006 (Figure 4) 

 

Figure 4 Toxabramis maensis, paratype, HNUE, 74.8 mm SL, 
reversed, lateral view 

 
This species has been described from the Ma River 

basin as the specific epithet implies. The original descri-
ption (Nguyen & Duong in Duong et al, 2006) based on 
a 72 mm SL holotype and six paratypes (68-82 mm SL). 
The holotype and three paratypes were collected from 
Quan Hoa district in Thanh Hoa Province on 2003-10-18. 
The residual type material was collected from Thieu Hoa 
district in the same province on 2004-06-15. There was a 
printed, clean label affixed to the jar containing the type 
series which is placed in HNUE. There was neither a 
repository specimen number nor a Lot number on the 
label. Besides, all specimens were untagged.  

T. maensis (Figure 4) is diagnosed by lls 47−50; gill 
rakers on the first branchial arch 45−50; and posterior 
edge of dorsal spine with 18−20 serrations. The herein 
depicted specimen is a paratype with 74.8 mm SL. 
Pellegrin (1932) described T. houdemeri from Hanoi, 
Red River basin. This species has also been listed by 
Kottelat (2001b). Another Toxabramis species from 
Hanoi, T. hotayensis, was described by Nguyen in 2001 
(in Nguyen & Ngo, 2001). Key diagnostic characteristics 
to delimit the Toxabramis spp. in Vietnam used by 
Nguyen are the numbers of lls and of gill rakers on the 
first branchial arch. Nguyen & Ngo (2001) as well as 
Duong et al (2006) list T. swinhonis Guenther, 1873 for 

Vietnam, a species restricted to the Yantze and Yellow 
River in China (Luo & Chen, 1998). Duong et al (2006) 
list T. hoffmanni Lin, 1934 for Vietnam for the first time. 
T. maensis is treated as a valid species.  

 
Toxabramis nhatleensis Nguyen, Tran & Ta, 2006 
(Figure 5) 

The type series of T. nhatleensis was obtained 
from the Nhatle River, Le Thuy district in Quang Binh 
Province on 2004-04-30. It is composed of a 58 mm SL 
holotype and seven paratypes (56−72 mm SL [Nguyen, 
Tran & Ta in Duong et al, 2006]). The printed, clean 
label of the type series jar did not bear any repository 
number. All Specimens were untagged.  

Key diagnostic features of T. nhatleensis are lls 39-
41; gill rakers on the first branchial arch 27−35; and 
posterior edge of dorsal spine with 11−13 serrations. I 
have examined a 61.6 mm SL paratype, which is 
depicted herein (Figure 5). Although it is objectively a 
valid species within Toxabramis, the ventral keel in T. 
nhatleensis does not reach pectoral fin origin.   

 

Figure 5 Toxabramis nhatleensis, paratype, HNUE, 61.6 mm 
SL, reversed, lateral view 

 
Vinagarra Nguyen & Bui, 2009  

Nguyen & Bui (2009) created the new labeonine 
genus Vinagarra by monotypy; gender: feminine; type 
species: Garra laichowensis Nguyen & Doan, 1969. 
There were two type specimens provided in one jar 
labeled Placocheilus laichowensis (Hao & Hoa); 
locality: Phong Tho, Lai Chau; date: 1965-01-26. The 
printed label carried additionally the Lot number 
H.01.96.02.01(2) and the hand written, blue inked 
number “52”. This number may be a link to the 
lectotype number RIAH 1052 assigned by Roberts & 
Catania (2008) to a 79 mm (calculated) SL specimen. 
The locality and date fit to the data provided in Roberts 
& Catania (2008). Roberts & Catania (2008) placed 
laichowensis into Placocheilus, which was apparently 
followed by the collection manager of RIA 1 during an 
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inventory revision of the collection. The lot number 
H.01.96.02.01 indicates a holotype, but the lectotype 
was absent. Instead, a 73.3 mm SL paralectotype in 
good condition was examined (Figure 6). Nguyen & 
Ngo (2001) refer to a type series composed of a 
holotype (H.01.96.02.01) and 6 paratypes. 

 
Figure 6 Vinagarra laichowensis, paralectotype, RIA 1, 

LC.65.01.002, 73.3 mm SL, lateral and ventral view 
 

The translation of the original description (Nguyen 
& Doan, 2008) of Garra laichowensis mentions black 
stripes lined on the caudal fin, a characteristic used by 
Zhou et al (2005) to distinguish Discogobio from Garra. 
The stripes on the caudal fin and the black caudal 
peduncle spot as given in the translation are vanished 
and replaced by a monochrome brown. The specimen 
examined is the paralectotype H.01.96.02.02 
(LC.65.01.002) as depicted in Nguyen & Bui (2009; 
Figure 1) readily recognized by the torn fin membrane 
in the lower caudal fin lobe. Its SL (Lo) was measured 
to 73.3 mm, while the text gives it as 74 mm. The 
specimen depicted in Nguyen (2008; Figure 9) differs 
in pectoral fin position and tubercle distribution, which 
stretches along the snout and infraorbitally (vs. absent 
infraorbitally resp. indiscernible).  

Nguyen & Bui (2009) chiefly uses orostructural 
differences and notably small pds (1/3 to 1/2 in horizo-
ntal length relatively to lls) to delimit Vinagarra from 
other disk-bearing labeonine genera. The mandibular 
possesses a horseshoe-shaped distal formation anteriorly 
and is laterally separated by a shallow depression from 
the central mental disk, and the central mental disk is 
finely papillated. This condition strongly resembles 
members of Discogobio, except that the posterior 
mandibular margin is deeply notched creating two 
lateroposterior flaps in Vinagarra. These characteristics 
are shared with the Yunnanese Black River species 
Garra findolabium. This taxon’s specific epithet is 
originally defined as an adjective (Li et al, 2008), but the 
compound word 'findolabium' is unambiguously a noun. 

The corresponding adjective is 'findolabiatus, -a, -um'. 
Since there are no others spellings of 'findolabium' 
within the original description, it cannot be ascribed to 
an inadvertent mistake. The usage is persistent. In 
addition, the name 'findolabium' has been used by later 
authors (Zhang & Zhou, 2012). Therefore, the epithet is 
treated as a noun in apposition and remains unchanged. 
This taxon is relocated to Vinagarra, consequently. Its 
newly composed name is V. findolabium. The generic 
relocation is corroborated by Li et al (2008), who 
emphasize the affinities between V. findolabium and V. 
laichowensis. Kottelat (2013) places the taxon 
findolabium in Garra, but comments that a generic 
relocation would make sense based on orostructural 
differences to other members of Garra. There are two 
more labeonine taxa bearing a posteriorly notched mental 
disk described from China, viz., Garra micropulvinus 
and Sinigarra napoensis (the epithet's gender of the 
original spelling napoense as used in Zhang & Zhou 
[2012] is neuter. The gender of the genus is defined as 
feminine [Zhang & Zhou, 2012]. The specific epithet is 
an adjective and has to agree in gender with the genus. 
Hence and in accordance with the code [art. 34.2.], the 
epithet's ending is corrected to feminine, which is 
napoensis). Neither is ascribed to Vinagarra, since they 
differ remarkably in their orostructure. They also do not 
possess the notably small predorsal squamation.  

The name Vinagarra has been spelt in multiple 
ways in original description: Vingarra and Vinagrra. The 
name Vinagarra is retained, since the intention of the 
author is evident: 'Vina' is short for Vietnam, and 'garra' 
is a related labionine genus. Other spellings are 
considered lapsus. Generic gender is feminine. Species 
of the genus Vinagarra are endemic to the middle and 
lower reaches of the Black River subbasin in China and 
Vietnam with a biodiversity hotspot in Lai Chau 
Province in northern Vietnam. Vinagarra is recognized 
as a valid genus within the subfamily Labeoninae, family 
Cyprinidae.     

 
Vinagarra elongata Nguyen & Bui, 2010 (Figure 7) 

This species is described basing on a 62 mm SL 
holotype (LC.06.05.001) and six paratypes ranging from 61 
to 69 mm SL from Tam Duong district in Lai Chau 
Province, northern Vietnam. This region is drained by the 
Nam Mu River, a Black River left bank tributary. The 
original description states that the type series was collected 
on 2006-05-20 and is stored in RIA 1. There was a  
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Figure 7 Vinagarra elongata, paratype, RIA 1, 61.4 mm SL, 

reversed, lateral and ventral view 
 

yellow notepad with blue ink, hardly discernible hand 
writings acting as a provisional label glued on the jar 
containing the type series. The collection manager 
confirmed the jar's content to be the concerned type 
material. The original description is accompanied by a 
distorted photograph (Nguyen & Bui, 2010, Figure 1). 
Although the TL and SL in the figure's caption fit to the 
examined specimen, they do not resemble each other. It 
is also unclear, whether the depicted specimen is the 
holotype. The examined 61.4 mm SL, untagged speci-
men (Figure 7) was in poor condition, soft, with adpre-
ssed and torn fins, and with a cavernous visceral cavity. 
It is assumingly a paratype.    

This species is distinguished from its congeners in 
having one pair of barbels vs. two pairs of barbels in V. 
laichowensis; dorsal origin closer to tip of snout than to 
caudal fin origin; body long and narrow (body length 
8.75 (measured to 7.14) in its width and 6.44 (5.90) 
times in its depth vs. 4.8−4.9 times in its depth in V. 
laichowensis); head length larger than body depth; 40−43 
lls vs. 38-39 lls in V. laichowensis; 32−35 pds vs. 28−30 
pds in V. laichowensis; and anus covered by pelvic fins 
(Nguyen & Bui, 2010). It must be noted, that the position 
of the dorsal fin origin related to any morphologic 
feature (in this case the tip of snout) is a characteristic of 
limited diagnostic value, since the dorsal fin origin may 
migrate during ontogeny. Considering the comparatively 
small SL of the type material, it must be stated that the 
type specimens are juveniles. And, barbels in labeonines 
are usually short and therefore easily overlooked. This is 
even more likely to happen when the material to be 
examined is juvenile.       

The deviating spelling elonggata in the English 
summary is considered an inadvertent typing error, a lapsus 
calami. The original spelling elongata is retained. V. 
elongata is treated as a valid species within the subfamily 
Labeoninae, family Cyprinidae.  

 

Vinagarra tamduongensis Nguyen & Bui, 2010 
(Figure 8) 

 

Figure 8 Vinagarra tamduongensis, holotype, RIA 1, 
LC.06.05.012, 72.7 mm SL, lateral and ventral view 
 

The type series consist of a holotype (LC.06.05.012, 
74 mm SL, measured to 72.7 mm SL) and four paratypes 
(LC.06.05.013, 75 mm SL; LC.06.05.014, 67 mm SL; 
LC.06.05.015, 53 mm SL; LC.06.05.016, 62 mm SL). It 
is stored in RIA 1. Type material has been collected on 
2006-05-15 at villages of Tac Tinh (LC.06.05.012-4) and 
on 2006-05-20 at Chu Va (LC.06.05.015-6), Binh Lu 
town in Tam Duong district in Lai Chau Province. The 
jar containing the concerned lots carried a provisional 
label similar to the one affixed to the jar of the type 
series of V. elongata. The original description depicts a 
distorted photograph of the holotype (Nguyen & Bui, 
2010, Figure 2). This specimen is additionally shown 
herein (Figure 8). V. tamduongensis is distinguish from 
its congeners in one pair of barbels; body short, deep and 
wide (body length 4.73 (4.49) times in its depth, 6 (6.79) 
times in its width); head length smaller than body depth; 
35−38 lls; 37−38 pds; and tip of pelvic fin reaches anus 
(Nguyen & Bui, 2010). V. tamduongensis is treated as a 
valid species within the subfamily Labeoninae, family 
Cyprinidae.  

  
Cypriniformes: Nemacheilidae 
Micronemacheilus bacmeensis Nguyen & Vo, 2005 
(Figure 9) 

 

Figure 9Micronemacheilus bacmeensis, neotype, RIA 1, 
N.01.25.001, 59.5 mm SL, lateral view, reversed 
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The type series of M. bacmeensis has been obtained 
from a stream called Minh Son in Bac Me County, Ha 
Giang Province, which is chiefly drained by the Gam 
River, Lo River subbasin. Collection date is 1999-05-27. 
It is stored in a jar with a black ink hand written label 
indicating that there are three specimens combined in the 
lot number 01.25. The lot number was added subse-
quently since it is hand written in blue ink. All 
information of the label is congruent with the data given 
in the original description of M. bacmeensis, despite the 
number of specimens. The description gives five type 
specimens. In fact, there were just two specimens in the 
jar during my stay at RIA 1. There was no information 
conveyed about the whereabouts of the missing type 
material. After evaluating the untagged specimens a 59.5 
mm SL (74.3 mm TL) specimen was examined and 
photographed. It showed better condition and was 
slightly larger than the remaining. Nguyen & Vo (in 
Nguyen, 2005a) designated a 89 mm SL specimen as 
holotype and four paratypes ranging from 79 mm to 89 
mm SL. That entails, that the original type series is 
entirely lost, and that the specimen photographed and 
measured is not part of the original type material. The 
depicted specimen (Figure 9) is hereby designated as 
neotype of M. bacmeensis. The RIA 1 collection number 
assigned to the neotype is N.01.25.001. The single 
paraneotype got the number N.01.25.002. Both speci-
mens are confirmed topotypes. Detailed information 
about the collection date and collector are absent. The 
specimens remained untagged. The neotypic specimens 
possess a strongly faded color pattern, just as specimens 
that are obtained from markets and which are usually 
dead at the time of preservation.   

Freyhof & Serov (2001) transferred all members of 
Micronemacheilus in the newly erected genus Tracca-
tichthys, except Nemacheilus cruciatus the type species 
of Micronemacheilus, which was transferred to Yunn-
anilus as Micronemacheilus was placed in its synonymy. 
For differences between the genera see Freyhof & Serov 
(2001). Nguyen (2005a, key), who considers Pellegrin & 
Chevey's Nemacheilus pulcher var. taeniata to be a 
junior synonym of T. pulcher, basically delimits M. 
bacmeensis from T. pulcher by: (a) the position of the 
dorsal fin origin relative to the tip of snout and caudal fin 
base; (b) branched dorsal fin rays 12−13 (vs. 11 in T. 
pulcher); and (c) a specific papillation pattern of the lips. 
It is mentioned that the upper lip possesses eight papillae 
arranged in two rows on each side. Additionally, he gives 

the tips of the caudal fin lobes as pointed in M. Bacm-
eensis vs. rounded in T. pulcher. This characteristic is of 
low value, since it is subject to environmental biotic (e. 
g., predators, gender and age of the specimen) and 
abiotic (e. g., season and related climate) factors. Also, 
the neotype of M. bacmeensis shows rounded tips. Hence, 
this characteristic is not further discussed herein. 

The relative position of the dorsal fin origin (a) is a 
characteristic of low diagnostic value in nemacheilid 
loaches, since it may migrate during ontogeny and its 
position may vary depending on the sex of the specimen. 
This is confirmed by specimens of Traccatichthys pulcher: 
in KIZ2012000177 (53.9 mm SL) the dorsal fin origin is 
closer to the tip of the snout, in KIZ2012000178 (48.2 
mm SL) the distances from the dorsal fin origin to the tip 
of snout and to the caudal fin base are equal, and in 
KIZ2012000185 (55.7 mm SL) the dorsal fin origin is 
closer to the caudal fin base. All specimens are from the 
east face of Tao Dao National Park, Thai Nguyen 
Province in northern Vietnam, which is drained by the 
Cau River, the next, large left bank tributary to the Red 
River downstream of the Lo River's influx. 

Nichols & Pope (1927) give the number of dorsal 
fin rays (b) for T. pulcher to 14, branched and 
unbranched rays accumulated. Thus, the number of 
branched rays is subject to speculation and can just be 
confirmed after examining the holotype. The branched 
dorsal fin rays were counted to 13 in a batch of six 
specimens from the Pearl River basin in Rong'an County, 
Liuzhou Prefecture, Guangxi Province, China (KIZ20-
1101585-90, 56.1−74.7 mm SL). Pellegrin & Chevey 
(1936) state 13 branched dorsal fin rays for T. taeniatus 
in the original description, while Kottelat (2001a) gives 
10−13.5 and Serov et al (2006) give 10−12. The neotype 
of M. bacmeensis possesses 13 (12.5; if the penultimate 
and last ray are counted as 1.5 since they share one 
pterygiophore) branched dorsal fin rays, which is in line 
with the original description. The number of branched 
dorsal fin rays seems to be variable and partly 
overlapping to identical within Traccatichthys and, hence, 
proves unsuitable to distinguish M. bacmeensis from T. 
pulcher and T. taeniatus.  

Labial papillation patterns are of intrinsic diagnostic 
value in nemacheilid loaches. As observed in the neoty-
pic material and described by Nguyen (2005a), (c) there is 
a pair of large, filliform papillae centrally located and 
arranged in a single row on the upper lip of M. 
bacmeensis. This pair of papillae is herein referred to as 
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maxillary lobes. The terminus 'lobe' for oral structures is 
commonly used with cobitid loaches. Gapless next to the 
maxillary lobes there are 2−3 medium sized, fungiform 
papillae in a single row, seamlessly followed by two 
rows of around eight fungiform papillae each. These two 
rows of papillae reach the rictus. In front of the maxillary 
barbel there is a large ovoid fungiform papilla 
immediately at the rictus. Adjacent to the rictus on the 
lower lip there is an area finely plated, but not papillated, 
serving as a large gap between the large papilla at the 
rictus and three large, chunky, elongate papillae close to 
the center. The central pair of these chunky papillae has 
broadened tops and creates a deep V-formation on the 
lower lip. The maxillary lobes align perfectly with the 
three large papillae of the lower lip when the mouth is 
completely shut. Specimens of T. pulcher show a 
hypertrophied labial papillation pattern (KIZ201101585-
90, 6 ex., KIZ2012000177-8,85, 3 ex.). They have two 
rows of each 8-10 medium to large fungiform papillae on 
the upper lip extending from the maxillary lobes towards 
the rictus. These papillae are rather irregularly in terms 
of position, shape, and size. There is a third row of tiny 
fungiform papillae on the upper lip close to the rictus, 
which is the last row prior to the buccal cavity. This row 
is discontinuous and reaches approximately midway 
from rictus to maxillary lobe. The size of papillae 
gradually increases from buccal cavity to upper lip 
margin. Irregularity of papillae increases with age. The 
papilla formation on the mandible basically resembles 
the structure of M. bacmeensis, but it is hypertrophied, 
particularly the central papilla. It often possesses 
multiple papillate excrescences (e. g., KIZ2011001586). 
The grade of hypertrophy increases with age. The 
mandibular gap as described for M. bacmeensis is 
present, but very narrow in T. pulcher. The labial 
papillation pattern in T. taeniatus (KIZ2005003157, 79.9 
mm SL, KIZ2005003159, 81.6 mm SL, KIZ1991000534, 
86.8 mm SL, KIZ1991000540, 92.1 mm SL, Xunjiang 
River subbasin, Pearl River basin, Guangxi Province, 
China) also differs from that found in M. bacmeensis, as 
there are two rows of medium-sized papillae spreading 
from the rictus to the maxillary lobes. Maxillary lobes 
are much less filliform than in M. bacmeensis. A third 
row of minor papillae stretches from the rictus to around 
midway to the symphysis. The mandibular pattern is not 
hypertrophied as in T. pulcher.  

Zhu (1989, Figure 5), who also considers Pellegrin 
& Chevey's taeniata a junior synonym of T. pulcher, 

gives 1−4 rows of papillae on the upper lip for T. pulcher. 
Zhu (1989) incorporates Hainan and Pearl River material 
in his analysis. The accompanied figure clearly shows T. 
zispi. Freyhof & Serov (2001) have examined the 
holotypes of T. pulcher and T. taeniatus and placed both 
in their newly erected, bitypic genus Traccatichthys. In 
this description, a single row of large papillae on the lips 
is given as one of the diagnostic features. Also Kottelat 
(2001a) defines T. taeniatus as having a single row of 
large labial papillae. The respective original descriptions 
of these two species concerned are silent on this issue. 
However, Prokofiev (2004) states two parallel rows of 
labial papillae for Micronemacheilus (=Traccatichthys). 
He allocates Nemacheilus cruciatus (type species of 
Micronemacheilus), T. pulcher, T. taeniatus, and T. zispi 
in Micronemacheilus. Unfortunately, there is no com-
parative material listed in this contribution and, thus, the 
information if type material was examined is not 
conveyed to the reader. The accompanied figure of the 
mouth structure of T. zispi (2004, Figure 2b) shows a too 
simplified structure. In fact, the labial papillae pattern is 
very similar to that of M. bacmeensis. The only slight 
difference is that in T. zispi the papillae arranged in two 
rows on the upper lip are subjectively larger and there-
fore in smaller quantity.       

The herein depicted Cau River specimen of T. 
pulcher (Figure 10, KIZ2012000177, collection date: 
2012-04-08) is roughly 6 mm smaller than the neotype of 
M. bacmeensis. It was preserved in a 10% formalin 
solution immediately after its capture in situ. It shows 
traces of the submarginal bands in the caudal fin that 
serve as specific diagnostic character of T. pulcher. The 
bands may have not been developed yet, since the 
specimen is adolescent and/or it may be seasonally 
induced. Actually considered a flaw of the original 
description of M. bacmeensis, but the gross ink pen 
retouchings in Nguyen's (2005a, Figure 10) figure 
amplify the informative value when diagnostic features 
are concerned. The figure clearly shows the median band 
in the dorsal fin and the dark, basimedian band 
transversely running over the pelvic fin. Both 
characteristics are carried by the neotypic material, but 
are absent in T. taeniatus, which possesses hyaline fins. 
The retouched figure also shows a hyaline caudal fin, 
which is lined by conspicuous, dark submarginal bands 
in T. pulcher. Characteristics of diagnostic value of M. 
bacmeensis are the patterned dorsal fin, hyaline caudal 
fin and the labial papillation pattern as described.  
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Figure 10  Traccatichthys pulcher, KIZ2012000177, 53.9 mm 

SL, lateral view 
 

Traccatichthys pulcher possesses a minimum North-
South distribution ranging from riverine water bodies 
within the Xunjiang River subbasin, Pearl River basin in 
Rong'an County, Liuzhou Prefecture, Guangxi Province, 
China (KIZ201101585-90) to coastal rivers in Thua 
Thien, Hue Province in central Vietnam (Slechtova; 2008: 
155, photograph of J. Bohlen). Although it is described 
from Hainan Island, it does not occur on that island. Two 
extensive excursions to Hainan Island in 2006 and 2011 
did not succeed in the recollection of T. pulcher. That 
corroborates the hypothesis of Du et al (2012) that T. 
pulcher never occurred on that island, but was brought 
over from China mainland and given to its describers. 
The only Traccatichthys inhabiting Hainan Island is T. 
zispi. The North-South distributional range of T. 
taeniatus is very similar. It ranges from Xunjiang River 
subbasin, Pearl River basin in Jinxiu County, Laibin 
Prefecture, Guangxi Province, China (KIZ2005003156-
61, 6 ex., 54.9−86.2 mm SL) as far southern as Quang 
Ngai Province in central Vietnam (Serov et al, 2006). 
The distributional pattern of these two species is sym-
patric but never syntopic. There is no record of two 
Traccatichthys spp. co-occurring. Du et al (2012) men-
tion that the specimen of T. taeniatus depicted in Kottelat 
(2001b, Figure 69) originates from the type locality of M. 
bacmeensis, which corroborates sympatry. The distri-
butional range of M. bacmeensis seems to be limited to a 
small pocket with the upper reaches of the Gam River.     

Kottelat (2012) treats this M. bacmeensis as a species 
inquirenda and places it tentatively in the synonymy of T. 
taeniatus. It surely belongs into Traccatichthys, but it is 
not a junior synonym of T. taeniatus. It is a valid species 
within Traccatichthys and shares characters with T. 
pulcher and T. taeniatus. The correct full naming for the 
time being is T. bacmeensis (Nguyen & Vo, 2005). 

 
Oreias hoai Nguyen, 2005 

This taxon has been described based on a unique 

holotype, which should be placed in RIA 1, but was 
reported lost during my presence at RIA 1. The generic 
name Oreias Sauvage 1874: 334 is preoccupied by Kaup 
(1829) in Aves and was replaced by Kottelat (2010) by 
the new name Claea. The taxonomic status of Claea 
(=Oreias) is unclear. The only potential chief diagnostic 
characteristic is the scaleless body which delimits it from 
Schistura McClelland, 1838. However, meanwhile there 
have been further scaleless species described in Schistura, 
such as S. pseudofasciolata Zhou & Cui, 1993. Zhu 
(1989) as the first put Oreias in synonymy of Schistura, 
which is followed herein. Kottelat uses it as a valid genus 
(2012). Kottelat (2009) put O. hoai in the synonymy of 
Schistura poculi, but later on he corrected himself and 
declared this species as valid within Schistura (Kottelat, 
2012) the name being S. hoai.   

 
Oreias lineatus Nguyen, 2005 

The type series was reported lost at RIA 1. Kottelat 
(2009, 2012) treats O. lineatus as a junior synonym of 
Schistura melarancia, and bases his decision on the 
retouched figure of O. lineatus in its original description.  

 
Oreias punctatus Nguyen, 2005 

The unique holotype, that should be stored in RIA 1, 
was reported lost. Nguyen (2005a) described this taxon 
from the Nam Ngam, which is within the Mekong water 
shed in Dien Bien Province, Vietnam. Kottelat (2009, 
2012) recognized a juvenile Schistura athos in the given 
figure of O. punctatus in its original description and thus 
put O. punctatus in synonymy of S. athos. 

 
Paracobitis hagiangensis Nguyen, 2005 

This species was described from the Lo River, a 
major left bank tributary to the Red River in Ha Giang 
Province. The description was based on two specim-
ens, which should be stored in RIA 1, but they were 
reported lost.  

Members of the genus Paracobitis Bleeker, 1863 
are spread over western and central Asia. Morpho-
logically similar East Asian species widely occurring in 
China are allocated in the genus Homatula Nichols, 1925. 
Homatula is diagnosed by having a rounded caudal fin 
and a caudal peduncle with adipose crests along dorsal 
and ventral midlines. These crests are supported by 
rudimentary rays (Min et al, 2012). The specimen 
depicted by Nguyen (2005a) does not have a rounded 
caudal fin but a moderately emarginated caudal fin with 
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well rounded lobes, and it does not possess adipose 
crests. It should belong into the genus Schistura as 
assumed by Kottelat (2012). 

During an ichthyofaunistic excursion to Wenshan 
Prefecture, Yunnan Province, China, I have collected a 
large batch of fishes including S. callichromus, S. caudo-
furca and S. macrotaenia from the Damahe River in 
Xichou County. The Damahe River is called Nho Que 
River in Vietnam and enters the Gam River in Cao Bang 
Province. The Gam and Lo Rivers are sometimes 
considered as Lo-Gam River system. In fact, the Gam 
River is by far the largest tributary to the Lo River 
shortly before its influx in the Red River mainchannel. 
Specimens of S. caudofurca obtained from the Damahe 
River possess the diagnostic key features of the specimen 
of P. hagiangensis depicted in its original description; a 
compact rather than elongate body, dorsal fin origin 
slightly in front of pelvic fin origin, caudal peduncle 
shape, shape of the basicaudal bar, caudal fin shape, and 
the color pattern of the dorsal fin featuring a thick, dark 
basal and a broad, light central band. In addition, P. 
hagiangensis seems to be a small sized species; the SL of 
the type material is only 55−61.6 mm. This size range is 
also common for adult specimens of S. caudofurca. The 
depicted four specimens of S. caudofurca of the Damahe 
River batch (Figure 11) are well within this range resp. 
slightly above. Despite the congruent size range, these 
four specimens are quasi devoid of a color pattern and 
resemble van Hao's specimen (2005) closely. Individuals  
of S. caudofurca undergo growth related ontogenetic 
changes in color pattern with a well developed bar 

 
Figure 11  Schistura caudofurca, lateral view; a. 

KIZ2012004262, 62.4 mm SL, reversed; b. KIZ2012004118, 
60.5 mm SL; c. KIZ2012004264, 60.4 mm SL, reversed; d. 

KIZ2012004263, 59.7 mm SL, reversed 

pattern, the development of a broad, dark longitudinal 
stripe and finally an overall darkening of the body 
coloration. This darkening goes along with a fading of 
the barred flank pattern. Large specimens of S. Caudof-
urca are often devoid of a color pattern such as the speci-
men depicted by Nguyen (2005a). Another reason for the 
patternless specimen may be an improper preservation 
(see account of Micronemacheilus bacmeensis).  

Unfortunately, the six extant syntypes of Barbatula 
caudofurca Mai, 1978 are devoid of any color pattern, 
except a dark, broad, continuous basicaudal bar (Figure 
12). All other diagnostic features present in the type 
material are also found in the Damahe River material, 
and as far as I can interpret, the original description and 
its accompanying figure these features are also present in 
P. hagiangensis. Therefore, P. hagiangensis is put 
objectively in synonymy of S. caudofurca.   

 

Figure 12   Barbatula caudofurca, syntype, DVZUT, 53.4 mm 
SL, lateral view 

 
 
Paracobitis phongthoensis Nguyen, 2005 

The unique holotype of P. phongthoensis was 
obtained from the Nam So in Phong Tho district in Lai 
Chau Province. The Na River, which drains the Phong 
Tho district, is the first large (left bank) tributary to the 
Black River on Vietnamese territory. The 57.4 mm SL 
holotype was reported lost during my stay at RIA 1.  

The specimen depicted by Nguyen (2005a) neither 
has a rounded caudal fin, nor adipose crest and thus does 
not belong into Homatula, but most likely into Schistura 
as assumed by Kottelat (2012). Kottelat (2012) list S. 
phongthoensis doubtfully as a valid species - indicated by 
the usage of a question mark in front of the binomen. The 
specimen depicted by Nguyen has its dorsal fin origin 
right above the pelvic fin origin, and a conspicuously 
dark basicaudal bar reaching or nearly reaching its 
dorsal/ventral extremities. Of intrinsic diagnostic value is 
the color pattern of 13 bars, less conspicuous in the 
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anterior portion of the body. There are six, quite 
regularly set postdorsal bars, thinner than the interspaces, 
all reaching their counterparts at dorsal and ventral 
midlines. The total number of bars (13) and the fact that 
the postdorsal bars are interconnected over the ventral 
midline are a characteristic combination not described 
hitherto from congeners in the given zoogeographic 
context. The only two species, which are similar to S. 
phongthoensis and occur within the Black River subbasin, 
are S. caudofurca and S. tamduongensis. The maximum 
number of bars in S. caudofurca is nine (modally 8), 
Schistura tamduongensis has at most 11 bars (modally 
10). Neither species has their postdorsal bars interc-
onnected via the ventral midline.  

Schistura phongthoensis Nguyen, 2005 is treated as 
a valid species. Due to the loss of the type material, the 
collection of topotypes and a subsequent designation of a 
neotype are required. Interestingly, a recently published 
monographic paper about Vietnamese Schistura species 
neither list nor mentioned this taxon (Nguyen & Nguyen, 
2008). 
 
Schistura pumatensis Nguyen & Nguyen, 2007 
(Figure 13) 

 
Figure 13  Schistura pumatensis, lateral view; a. Holotype, 
PM020170, 64.2 mm SL, reversed; b. Paratype, PM020172, 

57.7 mm SL 
 
This species is described from the Khe Bu stream in 

the Pumat National Park, Nghe An Province. The Pumat 
National Park is chiefly drained by the Lam River. The 
HNUE placed type series consist of one holotype 
(PM020170; 64.2 mm SL) and five paratypes (PM0-
20171-75; 54.8−59.6 mm SL), collected on 2006-7-12.  

The original description shows a distinctively patte-
rned holotype (Nguyen & Nguyen, 2007). However, this 
pattern has started fading remarkably at the time of my 
presence in HNUE in April 2012. Figure 13 shows the 
holotype PM020170 and paratype PM020172 (deviating 
SL measured to 57.7 mm) of S. pumatensis. Key 

diagnostic features of S. pumatensis are a notched upper 
lip; 14−17 regularly shaped bars, slightly wider than 
interspaces; a single basidorsal spot located anteriorly; 
straight basicaudal bar not reaching extremities. 

The author compared S. pumatensis with three 
allopatric congeners and a specific comparison with 
sympatric species such as S. hingi (Herre, 1934) and S. 
pervagata Kottelat, 2000 remained pending (Freyhof & 
Serov, 2001 [identification doubtful]). Schistura pumat-
ensis has been treated as valid by Kottelat (2012), which 
is followed herein.  
 
Schistura tamduongensis Nguyen, Nguyen & Nguyen, 
2009 (Figure 14) 

 
Figure 14  Schistura tamduongensis, lateral view; a. Paratype, 

LC.09.03.005, 60 mm SL, reversed; b. Paratype, LC.09.03.003, 
50.9 mm SL 

 
This species has been described from a stream 

called Ban Bo in Tam Duong district, Lai Chau Province. 
The Ban Bo is a minor tributary to the Mu River, a left 
bank affluent of the Black River in Son La Province. The 
holotype LC.09.03001 has a SL of 66.6 mm and was 
collected together with 13 paratypes (LC.09.03002-14; 
20.2−61.5 mm SL). The jar containing the type series is 
equipped with a printed label and is stored in HNUE. 
The specimen depicted in the original description is not 
the holotype, but a paratype, LC.09.03005, 60 mm SL.   

The specific epithet in descriptive text is also 
spelled S. tamduongensi (Nguyen et al, 2009). This is 
obviously an inadvertent error, a lapsus calami. Accordi-
ng to the code (article 32.5.1.), the original name S. 
tamduongensis is retained. Key diagnostic characteristics 
of S. tamduongensis (Figure 14) are a notched upper lip; 
dorsal fin origin clearly in front of the pelvic fin origin 
(opposite of first to second branched dorsal fin ray); 
basidorsal band dissociated into two horizontally spread 
blotches, the first usually reaches the first branched 
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dorsal fin ray, the second reaches from the fourth to the 
seventh branched dorsal fin ray; caudal fin deeply 
emarginated with rounded lobes; 7−11 (modally 10) 
quite regularly arranged bars, predorsal bars in some 
specimens irregular and disconnected over the back, 
postdorsal bars are usually interconnected over the 
dorsum, but never reach ventral extremity, bars slightly 
thinner or equally wide than interspaces; in females anus 
located slightly closer towards the tip of the pelvic fin 
than to anal fin origin, in males pelvic fin surpasses anus; 
and a conspicuously broad and dark basicaudal bar, 
which does not reach its extremities.    

The authors delimit S. tamduongensis towards eight 
Schistura spp., none of them inhabiting the Red River 
drainage. A comparison with phenotypically similar spe-
cies that occur in the same basin such as S. caudofurca 
and S. phongthoensis is missing. Considering the  
combination of diagnostic characters and the 
zoogeographical context S. tamduongensis is tentatively 
treated as a valid species. 

 
Perciformes: Channidae 
Channa hanamensis Nguyen, Bui & Nguyen, 2010 
(Figure 15) 

 

Figure 15  Channa hanamensis; holotype, H.Na.10.02.001, 226 
mm SL, reversed, lateral view 

 
A jar with a single channid specimen and a separate 

label prepared, but not yet affixed to the jar was 
presented at RIA 1. The printed label gave the content of 
the jar as follows: holotype of C. hanamensis; 235 mm 
SL (measured to 226 mm); collection number 
H.Na.10.02.001; collected on 2010-02-15; type locality: 
Tam Chuc Lake, Ba Sao town,  Kim Bang district, Ha 
Nam Province. The specimen was untagged. The 
specimen H.Na.10.02.001 (Figure 15) was confirmed the 
only type series specimen, which makes it a unique 
holotype.  

There has been a minimum of four type series of 
channid fishes in the RIA 1 collection, but all lacking 
proper publication in the sense of the code. Hence, the 
names of these 'species' are herein omitted to prevent 
nomina nuda. But in the case of C. hanamensis, a paper 
including a short introduction of this species (Nguyen et 

al, 2010) was presented. The description therein is sparse, 
but it satisfies the rules of the code. It delivers specific 
characteristics that claim to differentiate the species 
(code, art. 13.1.1). However, the code’s article 16.4 is 
violated, since there were no name-bearing types fixed in 
the publication. The paper concerned seems to serve as a 
brief introduction of this species as its last sentence 
refers to an original description that has already been 
published at the time when the introduction was 
compiled. However, all my Vietnamese sources in and 
outside of RIA 1, that do not include the authors 
concerned, neglected the presence of a formal original 
description of C. hanamensis. There is at least one 
further indication, that a formal original description 
exists: a research proposal stating details about the 
species’ economic value that were apparently given in its 
original description (Nguyen, no date).  

Key diagnostic features of C. hanamensis are 61 lls; 
10 chevron shaped dark formations on beige ground 
coloration, reaching dorsal midline, last six formations 
reaching also ventral midline, pattern in preanal portion of 
body inconspicuous; a conspicuous dark, vertically 
elongated, ovoid basicaudal blotch; all unpaired fins with 
white margin; dorsal fin origin on one vertical line with 
the pectoral fin origin; pelvic absent; lateral head 
length/SL 27.3%; head depth at nape/SL 15.5%; and a 
deep mouth cleft. Features of the internal morphology of 
buccal cavity structures, vertebrate and gill raker counts 
were inaccessible and therefore not examined. The 
original description gives 55−57 vertebrae.  

The origin of the C. hanamensis holotype is Ha 
Nam Province. Nguyen (2011) described C. hoaluensis 
from Hoa Lu district located in the neighbouring Ninh 
Binh Province. Both provinces lie in the water shed of 
the Day River, a major tributary of the Red River. All 
diagnostic features of C. hanamensis are basically also 
found in C. hoaluensis, of which I examined the paratype 
NB. 10.05.002, a 214 mm SL female (Figure 16; 223 mm 
SL in original description). Hence and under the 
provision, that a code-conform original description of C. 
hanamensis as stated by Nguyen et al (2010) and Nguyen 
(no date) exists, C. hoaluensis is objectively placed in the 
synonymy of C. hanamensis. The taxon C. ninhbinhensis 
Nguyen, 2011 superficially also resembles C. 
hanamensis, but chiefly differs in gill rakers on first arch 
8−12 (vs. 4−6 in C. hoaluensis, a junior synonym of C. 
hanamensis ), and in number of vertebrae (51−42 vs. 
55−57 in C. hanamensis). C. hanamensis is distinguished 
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from C. asiatica by D origin over P origin (vs. D origin 
clearly posterior of P origin),  55−57 vertebrae (vs. 53), 
head width narrower (at eyes: 11.8% of SL vs. 
13.3%−13.9% of SL; max.: 17.5% of SL vs. 
18.7%−19.9% of SL), and eye diameter  smaller (13.3% 
of LHL vs. 14.7%−15.5% of LHL). Besides there are 
obvious differences in the color pattern. Morphometrics 
and meristics for C. asiatica used herein were obtained 
from a batch of five juvenile specimens from the 
Zhonglianghe River, Jinxiu, Guangxi Province, China 
(KIZ2005014454-8, 79.9−114 mm SL).  

In the absence of a code-conform original 
description, the name C. hanamensis is treated as a 
nomen nudum with provisions as specified herein. 

 

Figure 16  Channa hoaluensis, paratype, NB. 10.05.002, 214 
mm SL, lateral view 

 
Perciformes: Osphronemidae 
Macropodus lineatus Nguyen, Ngo & Nguyen, 2005 
(Figure 17) 

 
Figure 17  Macropodus lineatus, holotype, 47.8 mm SL, 

reversed, lateral view 
 

The taxon is described from five specimens, a 
51.5 mm SL holotype and four paratypes ranging from 
37−47 mm SL. The type location is Phong Nha-Ke Bang 
National Park, Quang Binh Province. The jar containing 
the type material, lot number 408, carried a printed label. 
There was a hand written collection number using blue 
ink on the label, P.02.01.05(5). The five in parentheses 
indicate the number of specimens in the jar and is 
congruent with the original description (Nguyen, Ngo & 
Nguyen in Nguyen, 2005b). However, there were only 
four specimens in the jar. After examining the type 
material, the largest specimen (47.8 mm SL) of the batch 
was identified to be the specimen depicted in the original 
description Nguyen, Ngo & Nguyen in Nguyen (2005b, 

Figure 9). The holotype's SL is given to 51.5 mm, while 
the largest paratype has a SL of 47 mm SL Nguyen, Ngo 
& Nguyen in Nguyen (2005b). Assuming that the figure 
in the original description shows the holotype and that 
the SL in the original description was measured too long, 
as happened in all other cases and caused by a bended 
caudal peduncle and scales rows reaching far on the 
caudal fin in M. lineatus, the 47.8 mm is the holotype, 
herein depicted in Figure 17. 

Nguyen (2005b) provided a key to the species of the 
genus Macropodus occurring in Vietnam. The key 
diagnostic characteristics of M. lineatus therein are an 
emarginated caudal fin; D XII,6−7; A XIX-XXII,11−12; 
27−29 lls; and a body with 5−6 vertical bars along the 
axis. In addition, the dorsal fin origin is located behind 
the anal fin origin, and the origin of the pectoral fin is on 
the same vertical line as the origin of the pelvic fin. The 
original description comes with a grossly pen retouched 
figure, which is of nearly zero informative value. M. 
lineatus is treated as a valid species.   

 
Macropodus oligolepis Nguyen, Ngo & Nguyen, 2005 
(Figure 18) 

 
Figure 18  Macropodus oligolepis, holotype, 37.6 mm SL, 

lateral view 

The jar of RIA 1, Lot number 406, contained a 
single 37.6 mm SL specimen of M. oligolepis (Figure 18). 
It carried a printed label with the in blue ink hand written 
collection number P.02.01.06 (2). Following the RIA 1 
standard of collection numbers, this number identifies 
the jar content as two paratypes. According to the 
original description, the type series of M. oligolepis 
consists of a 38 mm SL holotype and a single 21 mm SL 
paratype. Hence, the located specimen is the holotype. 
The whereabouts of the other specimen were reportedly 
unknown. M. oligolepis is described from the Phong 
Nha-Ke Bang National Park in Quang Binh Province 
(Nguyen,  Ngo & Nguyen in  Nguyen,  2005b) .  

Key diagnostics for M. oligolepis are a rounded 
caudal fin; D XII-XIII, 5-7; A XIX-XXII, 11-12; 23-24 
lls; eight narrow dark bars, all postpectoral bars reaching 
dorsal and ventral extremities; a dorsal fin origin slightly 
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behind the anal fin origin; and the origin of the pectoral 
fin is on the same vertical line as the origin of the pelvic 
fin. The number of lls in M. oligolepis is remarkably low 
and constitute the main difference towards M. baviensis 
Nguyen & Nguyen, 2005 (in Nguyen, 2005b [30-33 lls]). 
M. oligolepis is treated as a valid species.  

 
Macropodus phongnhaensis Ngo, Nguyen & Nguyen, 
2005 (Figure 19) 

 
Figure 19  Macropodus phongnhaensis, paratype, 38.3 mm SL, 

lateral view 
 

This taxon was also described from the Phong Nha-
Ke Bang National Park in Quang Binh Province. The 
original description (Ngo, Nguyen & Nguyen in Nguyen, 
2005b) based on a 40 mm SL holotype and three 36.2−38 
mm SL paratypes. A jar (RIA 1, lot number 405) with 
damaged printed label containing two specimens of M. 
phongnhaensis and two juvenile barbines was presented. 
The label bore the hand written number P.02.01.04 (4). 
The specimen in better condition was examined (Figure 
19, 38.2 mm SL). By judging from the overall body and 
finnage appearance, this specimen should be the largest 
paratype and seems to be the specimen displayed in 
Nguyen (2005b). The whereabouts of the holotype were 
reported unknown.  

M. phongnhaensis is diagnosed by an 
emarginated caudal fin; D XII-XIV, 5; A XVI-XVII, 
11-12; 24-26 lls; a body with horizontal stripes; the 
dorsal fin origin in front of the anal fin origin; and 
pelvic fin origin clearly behind pectoral fin origin. A 
body pattern of horizontal stripes is unique among 
fishes of the genus Macropodus. Hence, M. 
phongnhaensis is treated as a valid species. 

There are four Macropodus spp. described from 
the Quang Binh Province: M. lineatus, M. oligolepis, M. 
phongnhaensis, and M. erythropterus Freyhof & Herder, 
2002. The three former species were described from the 
Phong Nha-Ke Bang National Park, which lies in a 
karstic area and has an area of roughly 860 km2 
(Wikipedia, 2013), whereas, the latter was described 
from an area located around 50 km southeast of the 
confines of the national park. The fact, that the former 
three species were collected on the same day (2003-04-
06) anticipates that the species occur syntopic or in 
close proximity. With such an uncommon, high number 
of congeneric species, that can be referred to as a 
species flock, Vietnam's Quang Binh Province and its 
national park have become a hotspot of macropodusine 
speciation.   

  
Synbranchiformes: Mastacembelidae 
Mastacembelus dienbienensis Nguyen & Nguyen, 2005 

Type series of four specimens was reported lost at 
RIA 1.  

 
Mastacembelus thacbaensis Nguyen & Nguyen, 2005 

The type material is reportedly lost. There was a 
minimum of three lots with mastacembelid type material 
at RIA 1, which has been or was in preparation to be 
published (according to the RIA 1 staff). At a first sight 
these species are at least in part valid species. Those 
names are omitted herein to prevent nomina nuda, since 
the RIA 1 staff and other Vietnamese sources were 
unable to present any related original description or any 
further publication information.    
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