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Abstract. Different phylogenetic lineages of animals may show variability in sperm traits. It was recently suggested that Iranian
marsh frogs, until now assigned to Pelophylax ridibundus, form two distinct mitochondrial (mtDNA) clades. While the first clade,
distributed in western Iran, may be attributed to the species Pelophylax bedriagae, the second clade found in the northern and eastern

parts of the country most likely forms a distinct taxonomic entity at species rank. In this study, we examined the differences in

spermatozoa size (head, tail and total length) between two populations of water frogs belonging to these distinct mtDNA clades. We
observed significant differences in sperm head and tail, as well as differences in the ratio of head and tail to total length between the
two studied populations. A significant positive correlation was found between tail length and total length but not between head

length and total length. We concluded that the two studied populations of water frogs in Iran are distinguished by sperm
characteristics consisting of spermatozoa head and tail length. These variation could be the result of sperm competition or relaxed

sexual selection for obtaining an optimal sperm phenotype.
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Introduction

Water frogs of the genus Pelophylax (Ranidae) are widely dis-
tributed in northern, central and western parts of Iran (Pe-
sarakloo et al. 2017). It was thought on the basis of morpho-
logical data that populations of water frogs in Iran belong to
only one species, namely P. ridibundus (Pallas 1771). During
the past two decades, some phylogenetic and phylogeo-
graphic studies have uncovered taxonomic ambiguities
within the water frogs in eastern and western parts of the
Mediterranean region. Some studies suggested that water
frogs distributed from western Turkey to the western Cauca-
sus were significantly different from P. bedriagae both in ge-
netic composition (Plotner & Ohst 2001) and in mating calls
(Joermann et al. 1988), representing a separate undescribed
lineage. In a phylogeographic study on the frogs of genus
Pelophylax, based on Cytb and 16S sequences, Bulbul et al.
(2011) demonstrated that P. ridibundus and P. kurtmuelleri
were sister species constructing a sister group to the P. bed-
riagae and P. cerigensis. Despite the exclusion of Iranian water
frogs in this study, an important finding was the paraphyly
of P. bedriagae. More precisely, P. bedriagae specimens from
Turkey and the East Aegean region did not cluster with
those from Syria and Cypres, but with P. cerigensis speci-
mens from the islands of Karpathos and Rhodes (Lymberki-
as et al. 2007). It was Akin et al. (2010) who reported for the
first time three different lineages of water frogs in Iran
namely MHG6d in western Iran, MHG? in south and east of
the Caspian Sea and MHG9 in Pasargad, southwest of Iran.
Recently, Pesarakloo et al. (2017) analyzed different popula-
tions of Iranian water frogs based on mitochondrial DNA
and proposed that the water frogs in Iran should be divided
into two distinct mtDNA clades. The first clade, assigned to
the species Pelophylax bedriagae (Camerano 1882), is distrib-
uted in northwestern and southwestern Iran. The second
clade, most likely corresponding to a distinct taxonomic enti-
ty at species rank, is distributed in the northeastern part of
Iran. Given the discordance between the above-mentioned

studies, here we prefer the utilization of two different line-
ages of water frogs instead of clear taxonomic entities.

Many frog species show variable sperm traits (Byrne &
Roberts 2000, Hettyey & Roberts 2006, Dziminski et al. 2008,
Dziminski et al. 2009) and a new hypotheses proposed that
the length ratio of a spermatozoon head and tail (midpiece
and flagellum) could be associated with sperm energy (Malo
et al. 2006, Humphries et al. 2008, Lupold et al. 2009). Sperm
morphology is related to several factors including female re-
productive anatomy, egg morphology and/or the fertiliza-
tion environment (Miller & Pitnick 2002, Byrne et al. 2003).

In the present study we investigated the size of sperma-
tozoa in two populations of water frogs from the north and
southwest of Iran. We determined the relationship between
the length of different portions of a spermatozoon (head and
tail) both within and between populations. We compared
sperm characteristics in two genetical clades of the frogs, in
order to establish the relationships between sperm morphol-
ogy and the clades.

Material and Methods

Water frogs are common species of amphibians in Iran and are not
considered as endangered or protected. All stages of this research
were complied with Iranian laws and in authorized by Guilan Uni-
versity (all specimens were originally used for an educational pur-
pose in the zoology lab course). This study was conducted during
the breeding season (May 2018) at the north (five samples from
Rasht; 37° 17' N, 49° 33' E) and southwest (six samples from Beshar
river in Yasouj city; 30° 38' 48"N, 51° 37' 07"E) of Iran (Fig. 1). Ac-
cording to the findings of Akin et al. (2010) and Pesarakloo et al.
(2017) these populations belong to two different lineages, which is
followed in this study. The animals were captured by hand and net,
they were euthanized and their left testes were removed. The gonads
were removed for the purpose of this study and the rest of the spec-
imens were used for educational purpose. The testes were fragment-
ed, using a razor, in a glass Petri dish containing 3 ml of water. A
droplet of sperm was used to make a sperm smear, left to air dry,
and fixed in 5% formaldehyde solution. The slides with smears were
stained in methylene blue and investigated under the light micro-
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Figure 1. Map of Iran depicting the sampling sites, circle and triangle
represent populations from Rasht (north) and Yasouj (southwest),
respectively.

scope (Olympus bx51, Japan). At least 20 spermatozoa were chosen
for each specimen to take measurements by scanning the sample im-
age. We avoided considering damaged sperms (e.g. those with head
and tail separated) in the measurements.

In general the body plan of sperm consists of a head, a midpiece
containing mitochondria, and a flagellum tail. For each spermatozo-
on, both head length and tail length were measured to the nearest
0.01 pm. Head length was measured from the apex of the head to the
junction of the head with the tail. Tail length was measured from the
junction of the head and tail to the end (tip) of the tail. We were not
able to distinguish the mitochondrial region (midpiece) from the rest
of the tail, because it lies at the base of the tail so that separate meas-
urements of this region were not possible. All measurements and
photographs of sperm were taken using TSVIEW software (version
6.2.4.5, China). Spermatozoon length was measured for each speci-
men on images of the sperm (magnified 400x) using windows com-
puter running Image ] (available at http:// rsb.info.nih.gov/nih-
image/). We examined the data for normality using the Shapiro-
Wilk test to choose between appropriate parametric and/or non-
parametric statistical tests. We also used Levene’s test for homogene-
ity of variances (HOV) as a determinant of parametric tests such as t-
test and F test. When the distribution of our data was not normal or
HOV was significantly different, we used the Mann-Whitney U test
between groups and Kruskal-Wallis test among groups to determine
the significance of differences. We used single factor analysis of vari-
ance (ANOVA) to test for significant differences when our data
showed normal distribution. The correlation between different
sperm traits was assessed by Pearson correlation test. All statistical
analyses were carried out using SPSS ver. 16 (spss.software.informer.
com).

Results

Mean total lengths, head length and tail length in the two
lineages combined (Shapiro-Wilk test; P = 0.0001 for head
length, P = 0.006 for tail length, and P = 0.007 for total
length) as well as the southwest lineage (Shapiro-Wilk test;
P =0.0001 for head length, P = 0.006 for tail length, and P =
0.008 for total length) were not normally distributed, but
they were normally distributed in the north lineage
(Shapiro-Wilk test; P = 0.387 for head length, P = 0.413 for
tail length, and P = 0.721 for total length). Homogeneity of
variance was not significantly different only for tail length
(Levene’s test; P = 0.085). Sperm total length was not signifi-
cantly different between the two lineages (Mann-Whitney U
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Table 1. Sperm parameters measured in the two studied popula-
tions of water frogs. Abbreviations: N = number of analyzed
sperms; F = F test.

Character ~ Locality N Mean Std Deviation F P value
Head Length Rasht 101 15.78 136 9.28 0.0001
(pm) Yasouj 118 19.64 2.47

Tail Length Rasht 101 29.92 4.61 2.99 0.0001
(pm) Yasouj 118 24.24 5.62

Total Length Rasht 101 45.67 4.78 4.23 0.0980
(pm) Yasouj 118 43.92 6.03

test, Z = -1.65, P = 0.098, N = 219; Table 1). Water frogs from
the northern lineage had significantly longer sperm tails (t-
test, P = 0.0001, N = 219; Table 1) but shorter sperm heads
than frogs from the population of southwest lineage (Mann-
Whitney U test, Z = -11.27, P = 0.0001, N = 219; Table 1).

Sperm head length (for north lineage Tukey HSD test, P
= 0.02, N = 101, and for south Kruskal-Wallis test, Chi-
square = 22.43, P = 0.0001) and tail length (Tukey HSD test, P
= 0.0001, N = 101 for north and Kruskal-Wallis test, Chi-
square = 11.57, P = 0.041118 for south lineages, respectively)
within each of the two populations showed significant varia-
tion but the total length was significant only for the north
population (Tukey HSD test, P = 0.0001, N = 101) not for the
southwest population (Kruskal-Wallis test, Chi-square =
9.38, P = 0.095, N = 118). The variation of sperm characters
(i.e. sperm head, tail and total length) among individuals of
each of the lineages was not high. The coefficient of variation
(CV) for total length, head length and tail length within the
population were 10.64, 8.66 and 15.42 for Rasht (N = 5), and
13.72, 12.56 and 23.20 for Yasouj (N = 6). We investigated the
proportion of spermatozoon head to tail and total length.
The results showed that the ratio of head to tail in Yasouj
and Rasht were 0.87 and 0.54, respectively, and the ratio of
head to the total length in Yasouj and Rasht were 0.45 and
0.34, respectively (Fig. 2).

Spermatozoa head length did not show significant corre-
lation with total length (Pearson correlation, » = 0.13, P =
0.056; Fig. 3a), but there was a significant positive correlation
between tail length and total length (Pearson correlation, r =
0.88, P = 0.0001; Fig. 3b). The correlation between sperm
head and tail length was significantly negative (Pearson cor-
relation, r =-0.36, P = 0.0001; Fig. 3c).

Discussion

We established a significant variation for the head and the
tail length in males from each of the two studied popula-
tions. Moreover, we found that the variation in sperm meas-
urements was significant for both head and tail between
males of two lineages. However, the results of sperm varia-
tion in the present study were not comparable to results of
similar studies between species in which high levels of
sperm variation have been shown (e.g. Rhacophorus frogs,
Qin et al. 2008, myobatrachid frogs, Crinia georgiana, Dzimin-
ski et al. 2009, Bird-voiced Treefrog, Hyla avivoca, Trauth et
al. 2015). To our knowledge, this relatively low variety be-
tween sperm size has never been described before in frogs
and can significantly contribute to the understanding of evo-
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Figure 2. Sperm head, tail and total length variation within and among male frogs from two populations

(1-6, Yasouj and 7-11, Rasht).
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Figure 3. The correlation between a) sperm tail and the total length, b) sperm head and the total length, and
) sperm tail and head length. Unlike ‘b’ the correlations in ‘a” and ‘c’ are significant. The correlations were
assessed based on the Pearson correlation. Blue circles and red triangles represent populations from Rasht

(north) and Yasouj (southwest), respectively.

lutionary relationships across populations and species
(Immler et al. 2008). The total size of sperm in present study
was within range of other ranid frogs (Kuramoto & Joshy
2000). The inter and intra variation in sperm can be referred

to genetic drift or selection which causing the differentiation
in sperm characteristics among populations. These factors
could be effective in sperm morphometry, as they were in-
tensified by dispersal and vicariance, which are the principal
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mechanisms of shaping biogeographic patterns (Stace 1989,
Kuramoto 1997). Results of the comparative analyses indi-
cated that variation in sperm size could be a trait among
populations as well as between phylogenetic lineages and
might give an indication of genetic distance (Laskemoen et
al. 2013).

We found that frogs from Yasouj (southwest population)
had significantly longer head size than Rasht frogs (north
population), while tail length in Rasht frogs was significant-
ly longer than Yasouj. Nevertheless, there was no significant
difference in sperm total length between water frogs in
Rasht and those in Yasouj. Moreover, the ratio of spermato-
zoa head to tail and total length in Yasouj frogs was higher
than that in Rasht. Studies on frogs by Garrido et al. (1989),
Scheltinga et al. (2002) and Pitcher et al. (2007) have shown
that sperm head and tail lengths vary consistently between
species depending on spawning environment. Consistent
with these studies, Byrne et al. (2003) found that head and
tail length was significantly longer in terrestrial spawner
species than in aquatic spawners. These results can be re-
ferred to evolutionary forces which are thought to be shaped
by the mode of fertilization and phylogeny (Stewart et al.
2016). Kuramoto & Joshy (2000) compared the sperm sizes in
15 species of Indian frogs (including 8 species of ranids),
finding that the sperm size was not directly related to the
mode of reproduction but reflected phylogenetic relation-
ships fairly well.

Whereas the studies of eastern Mediterranean frogs doc-
umented several evolutionary species at varying levels of
differentiation (Plotner et al. 2010), this study documented
significant differentiation in sperm characteristics in the two
main clades located in north and south of Iran. Despite their
great morphological similarity, the water frogs from north
and southwest of Iran have been placed into two major
monophyletic clades (Pesarakloo et al. 2017). Similarly, ana-
lyzing mtDNA in Anatolian water frogs showed considera-
ble divergence as well as several distinct lineages which in-
dicate the existence of several evolutionary species (Plotner
et al. 2010). Based on geological evidence and genetic diver-
gence estimation, these populations have been isolated since
the Middle Miocene as a consequence of uplifting of the
Amanos Mountains (Akin et al. 2010), and this process led to
a gradual genetic divergence in an allopatric model.

Iranian water frog populations have been closely associ-
ated with the formation of the Alborz and Zagros Moun-
tains, caused by the movement of the Arabian Plate under-
neath the Iranian Plate during the Miocene and Pliocene
epochs (Sardarabadi et al. 2015). These events could have led
to the generation of different clades and evolutionary de-
scendants. On the other hand, it has been shown that sperm
size ratio can exhibit plasticity in different conditions. In a
study on Gouldian Finches (Erythrura gouldiae) it has been
shown that males tend to increase sperm midpiece ratio
when placed in an environment with intermediate to high
competitive gradient and the size of the sperm tail increased
when placed in low to intermediate competitive environ-
ments (Immler et al. 2010). Studying stabilizing selection in
anurans indicated that this selection has been reduced,
sperm morphology has diverged and simplified in compari-
son to most externally fertilizing taxa (Lee & Jamieson 1992).
Thus, plasticity in sperm morphometry in this study might
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be interpreted to multiple reasons. These results might be
better understood in the light of the sperm variation and the
large geographic distance between populations.

A fact which should be generally considered is that frog
sperms are structurally and behaviorally very different from
other taxa, can remain motile for several hours (Muto & Ku-
bota 2009) and must penetrate several viscous jelly coats be-
fore contacting the egg. As a result, successful sperms are
those that can sustain long periods of motility and thus se-
lection pressure may support unusual sperm forms (Dzimin-
ski et al. 2009). According to Humpbhries et al. (2008) and
Lupold et al. (2009), smaller ratio of head/flagellum has the
advantage to produce stronger propulsion force.

In conclusion, these two distinct lineages (i.e. north vs.
south) are clearly distinguished by sperm characteristics
consisting of spermatozoa head and tail length but not
sperm total length. P. bedriagae from Yasouj had larger head
size than the northern population from Rasht belonging to a
diverged mtDNA lineage. Additional future studies should
be focused on the size and number of eggs and correlation
with sperm length to resolve ambiguities in these two line-
ages.
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