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Abstract. We studied the morphology and size of erythrocytes of H. cordobae, and analysed the geographic variation 
of this character along the distribution of the species, in relation to the latitudinal and altitudinal distances. Eryth-
rocyte shape of the H. cordobae is ellipsoidal and the nuclei are also ellipsoidal and centrally oriented. Erythrocyte 
and nuclear size showed significant differences among populations, with the highest mean size corresponding to the 
population of Achiras (low altitude site) and the lowest mean size to Los Linderos (high altitude site). There was no 
significant relationship between the latitude of each population and the both erythrocyte and nuclear size. The altitu-
dinal variation in erythrocyte cell size may be attributable to the surface available for gas exchange; a small erythro-
cyte offers a possibility of greater rate of exchange than a larger one. Our results are consistent with studies of other 
amphibians, where intraspecific comparisons of populations at different altitudes show that individuals at higher alti-
tudes are characterized by smaller erythrocytes.
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The description of the anuran amphibian hematology 
is insufficient, although this is a diverse group of verte-
brates (Cabagna et al., 2011). The majority of the refer-
ences to hematology in different species of anurans have 
been limited to blood cell counts (Martínez et al., 1985; 
Arıkan, 1990; Arserim and Mermer, 2008; Dönmez et al., 
2009). However, there are also some studies on erythro-
cyte sizes of several amphibian species (Hartman and 
Lessler, 1964; Matson, 1990; Atatür et al., 1998, 1999, 
2001; Wojtaszek and Adamowicz, 2003; Zhelev et al., 
2006; Gao et al., 2007; Grenat et al., 2009a, b; Arıkan et 
al., 2010). 

Some investigators have stressed that erythrocyte 
size in amphibians may be used to ploidy determination, 
because blood cells of amphibians conserve their nucleus 
and the erythrocyte size is correlated with the DNA con-
tent (Stöck and Grosse, 1997; Schröer and Greven, 1998; 

Atatür et al., 1999; Martino and Sinsch, 2002; Rosset et 
al., 2006; Gao et al., 2007; Grenat et al., 2009a, b; Valetti 
et al., 2009). This method is simple, rapid and minimally 
invasive (Grenat et al., 2009a). In this paper, we studied 
six populations of a single species, in which ploidy level 
is the same (Baraquet et al., 2013).

It is well-known that in amphibians there is an exten-
sive range in the erythrocyte size. Morphology and size 
of erythrocytes have shown great inter-specific and even 
intra-specific variations (Arıkan and Çiçek, 2010). Fur-
thermore in comparison with other organisms, amphibi-
an red blood cells tend to be larger (Duellman and Trueb 
1994; Gregory, 2001; Campbell, 2004). This relationship 
between erythrocyte size and the level of ploidy has also 
been discussed on the basis of differences in metabolic 
rates between different groups of vertebrates (Gregory, 
2000), because the size and shape of red blood cells give 
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an indication of the surface available for the exchange 
of gases in respiratory functions (Hartman and Lessler, 
1964; Sevinç et al., 2000). 

The availability of oxygen limits the metabolic poten-
tial and, therefore, the behaviour of animals in a particu-
lar environment. Thus, the adaptation to an environment 
depends on the development of suitable mechanisms to 
overcome these limitations. So, it is not strange that these 
adaptations in amphibians influence the properties of 
blood and parameters that most affect this tissue (Mar-
tínez et al., 1985). 

Several studies have demonstrated that variations 
in erythrocyte counts and size are correlated with meta-
bolic activity of the animal, indicating that the more 
active species have smaller erythrocytes while those with 
less oxygen consumption have bigger ones (Evans, 1939; 
Smith, 1925; Szarski, 1970, 1976). 

The distribution of the species under study, Hypsiboas 
cordobae (Barrio 1965), is restricted to Córdoba and San 
Luis provinces, Argentina (Barrio, 1965; Cei, 1980; Gal-
lardo, 1974, 1987; di Tada, et al. 1996; Faivovich, et al. 
2004). This restricted distribution and a broad altitudinal 
range, together with the reported IUCN status (i.e., data 
deficient), make this species an interesting research model.

Although, various hematological studies were carried 
out on many anuran species, information is not available 
for H. cordobae. Here, we examine the morphology and 
size of erythrocyte of H. cordobae and report their geo-
graphic variation along a latitudinal and altitudinal gradi-
ent in Cordoba and San Luis provinces, Argentina.

A total of 66 adult individuals of H. cordobae (57 ♂♂ 
and 9 ♀♀) were collected from six localities of Cordoba 
and San Luis Provinces (Argentina), between September 
2006 and May 2011. The study area covers a latitudinal 
gradient across an area of approximately 20 000 km2, 
with an altitudinal range between 800 m and 2300 m in 
elevation. The sampled localities were: Achiras (n = 10, 
808 m a.s.l., 33º 09’S, 64ºW), Las Guindas (n = 21, 930 m 
a.s.l., 32º S, 64º W), La Carolina (n = 15,1634 m a.s.l., 32º 
48’S, 66º 05’W), Los Tabaquillos (n = 9, 2107 m a.s.l., 32º 
23’S, 64º 55’W), Pampa de Achala (n = 6, 2150 m a.s.l., 
31º 49’S, 64º 51’W), Los Linderos (n = 5, 2310 m a.s.l., 
32º 00’S, 64º 56’W).

The blood samples were obtained by angularis vein 
puncture (Nöller, 1959). Smears of fresh blood were air-
dried and stained with a 10% solution of Giemsa for 5 
min. Slides were observed by using a microscope Carl 
Zeiss trinocular Primo Star (Pack 5), photographed with 
a Canon Power Shot G10 Digital Camera and processed 
using the image software AxioVision 4.8. 

The photographs were used to record the erythro-
cyte measurement by Adobe® Photoshop® 9.0. On each 

blood smear, length (L) and width (W) of forty ran-
domly chosen erythrocytes and their respective nuclei 
were measured. Erythrocyte and nuclear areas were cal-
culated assuming an ellipsoid shape according to formula 
L*W*π/4.

We calculated mean, standard deviation and maxi-
mum and minimum values for each variable. Since these 
variables had a normal distribution (Shapiro-Wilks test, 
P > 0.05), differences between males and females were 
compared by t-tests and inter-population comparisons by 
analyses of variance (ANOVA). If the ANOVA revealed 
significant differences among populations, pairwise Tuk-
ey’s HSD tests were used to determine which groups dif-
fered significantly from one another.

Pearson correlation coefficient (r) was used to meas-
ure association of erythrocyte and nuclear size with lati-
tude and altitude of the population studied to investigate 
geographic variation. Mean values of each individual 
were used and all data were processed using Statgraphics 
Plus 5.0.

Because no sex differences were found for any of the 
size variables (t tests, P > 0.05 in all cases), data from both 
sexes were pooled. The mean erythrocyte and nuclear 
length, width, area and length/width ratio for each popu-
lation sampled of the H. cordobae are given in Table 1.

The characteristic erythrocyte shape of the H. cordo-
bae was ellipsoidal (L/W = 1.51). Nuclei were also ellip-
soidal (l/w = 1.79) and centrally located.

In the population studied, erythrocyte lengths and 
sizes varied between 21.14 μm and 23.66 μm and 230.56 
μm2 and 280.72 μm2, respectively. The longest erythro-
cytes were observed in the population from Las Guindas. 
The largest erythrocyte areas were observed in the popu-
lation from Achiras while the shortest and the smallest 
erythrocytes were observed in Los Linderos. In terms of 
L/W ratio, the most ellipsoidal cells were those of La Car-
olina and Las Guindas populations while the least ellip-
soidal ones were observed in Los Tabaquillos (Table 1).

The longest and the largest nuclei were observed in 
Achiras while the shortest and the smallest nuclei were 
measured in the population from Los Linderos. The most 
ellipsoidal nuclei were observed in La Carolina and the 
least ellipsoidal ones were found in Pampa de Achala 
(Table 1).

Erythrocyte and nuclear size showed significant dif-
ferences among populations (ANOVAs: F = 2.88, P 
= 0.02; F = 3.70, P ≤ 0.01, respectively). Pairwise test 
showed that erythrocyte and nuclear sizes of Achiras and 
Los Linderos populations differed significantly (Tukey’s 
HSD tests, P < 0.05, in both cases). In these populations 
we found the extreme erythrocyte and nuclear sizes: the 
largest size in Achiras and the smallest in Los Linderos.
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Pearson correlation tests indicated there was not a 
significant relationship between latitude of each popu-
lation and size of both erythrocyte and nuclei (r = 0.12, 
P = 0.81; r = 0.40, P = 0.43). Conversely, correlations 
showed a negative significant relationship between alti-
tude and size of both erythrocyte and nuclei (r = -0.82, P 
= 0.04; r = -0.91, P = 0.01, respectively). Erythrocyte and 
nuclear size decreased significantly with increasing alti-
tude of H. cordobae populations (Figure 1).

In the present paper, we have analysed the spatial 
pattern of erythrocyte size variation along the distribu-
tion of H. cordobae. The univariate analyses revealed sig-
nificant differences among populations. There are many 
ways in which erythrocyte size is of relevance to organ-
ism biology; larger erythrocytes contain more hemo-

globin (Gregory, 2001). One of the most important func-
tions of erythrocytes is to carry oxygen and carbon diox-
ide. The erythrocyte size and shape are indicators of the 
area available for gas exchange in respiratory function. 
Therefore, small erythrocyte offers a possibility of greater 
rate of exchange than a larger one (Hartman and Leesler, 
1964; Martinez et al., 1985; Sevinç et al., 2000; Wojtaszek 
and Adamowicz, 2003). Consequently, at altitude where 
there are lower levels of oxygen available smaller eryth-
rocytes should be selected. Indeed, our results showed a 
negative relationship among the altitude and size of both 
erythrocyte and nuclei in the six populations studied. 
Moreover, Achiras and Los Linderos populations showed 
the erythrocyte and nuclear sizes values extremes.

Besides, the study of erythrocytes in different spe-
cies provides an interesting comparison of the erythro-

Table 1.  Erythrocyte data in six populations of H. cordobae. n: sample size, L: erythrocyte length, W: erythrocyte width, A: erythrocyte size, 
L/W: erythrocyte ratios of length/width, l: nuclei length, w: nuclei width, a: nuclei size, l/w:  nuclei ratios of length/width (means ± standard 
deviations).

Population n L (μm) W (μm) A (μm2) L/W l (μm) w (μm) a (μm2) l/w

Achiras (808 m 
a.s.l.) 10 23.42 ± 1.60 15.18 ± 1.55 280.72 ± 45.40 1.55 ± 0.10 9.99 ± 0.85 6.00 ± 1.12 47.72 ± 12.99 1.69 ± 0.18

Las Guindas 
(930 m a.s.l.) 21 23.66 ± 1.14 15.06 ± 1.05 280.58 ± 28.22 1.58 ± 0.10 9.92 ± 0.83 5.55 ± 0.64 43.57 ± 7.91 1.80 ± 0.14

La Carolina 
(1634 m a.s.l.) 15 22.93 ± 1.01 14.62 ± 1.23 263.83 ± 30.05 1.58 ± 0.11 9.66 ± 0.60 5.09 ± 0.42 38.63 ± 4.20 1.91 ± 0.17

Los Tabaquillos 
(2107 m a.s.l.) 9 21.62 ± 0.67 15.35 ± 0.61 260.91 ± 15.99 1.41 ± 0.05 9.44 ± 0.54 5.19 ± 0.40 38.51 ± 4.41 1.83 ± 0.14

Pampa de 
Achala (2150 
m a.s.l.)

6 22.41 ± 0.52 15.04 ± 1.31 265.39 ± 27.32 1.50 ± 0.11 9.12 ± 0.84 5.44 ± 0.26 39.02 ± 4.11 1.68 ± 0.17

Los Linderos 
(2310 m a.s.l.) 5 21.14 ± 0.80 13.85 ± 0.94 230.56 ± 20.44 1.53 ± 0.10 9.01 ± 0.30 4.77 ± 0.07 33.69 ± 1.37 1.89 ± 0.06

H. cordobae 
(range) 66 22.54 ± 0.99

(21.14-23.62)
14.94 ± 0.62
(13.85-15.59)

265.40 ± 19.00
(230.56-280.72)

1.51 ± 0.07
(1.41-1.57)

9.54 ± 0.41
(9.01-9.99)

5.33 ± 0.42
(4.77-6.00)

40.86 ±  5.60
(33.69-47.72)

1.79 ± 0.10
(1.66-1.90)

Fig. 1. Correlation of erythrocyte (A) and nuclear (B) size with altitude of H. cordobae.
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cyte size in relation to activity and habitat (Hartman and 
Lessler, 1964). In amphibians, erythrocyte size has long 
been known to correlate negatively with metabolic rates 
(Smith, 1925; Vernberg, 1955; Monnickendam and Balls, 
1973). Small erythrocytes improve the uptake of oxygen 
joined to a high number of red blood cells; this allows 
the organism to adapt to environments with low oxy-
gen pressures (Hutchison et al., 1976). This relationship 
stems from the fact that larger surface-area-to volume 
ratios in smaller cells allow for more efficient exchange 
of oxygen. This idea is exemplified in intraspecific com-
parisons of amphibians at different altitudes, where ani-
mals at higher latitudes have smaller erythrocytes (Ruiz 
et al. 1983; Arıkan, 1989; Weber, 2007), presumably to 
maximize cellular efficiency of oxygen transport and 
exchange in a low oxygen environment. Our results are 
in agreement with this, strongly suggesting a negative 
correlation between altitude and erythrocyte size. How-
ever, further studies about metabolic rate and oxygen 
consumption would be required to analyse the causes of 
erythrocyte size variation in populations of H. cordobae 
living at different altitudes. 

ACKNOWLEDGEMENTS

The first authors thank the National Scientific and Tech-
nical Research Council (CONICET) for support and two anon-
ymous reviewers for improving the ms. The Secretary of Science 
and Technology of National University of Río Cuarto (SECyT-
UNRC) provided funds by Grant PPI 18C/350. We thank J. 
Valetti for their help in the field and sample. Our study was 
authorized by Cordoba Environmental Agency (A.C.A.S.E.).

REFERENCES

Arıkan, H. (1989): Anadolu’daki Rana ridibunda (Anura: 
Ranidae) populasyonlarının kan hücrelerinin sayısı 
bakımından incelenmesi. Turk. J. Zool. 13: 54-59. (in 
Turkish)

Arıkan, H. (1990): Morphological and serological investi-
gations on Rana ridibunda (Anura: Ranidae) popula-
tions. Turk. J. Zool. 14: 40-83. 

Arıkan, H., Çiçek, K. (2010): Morphology of peripheral 
blood cells from various species of Turkish Herpeto-
fauna. Acta Herpetol. 5: 179-198. 

Arıkan, H., Alpagut-Keskin, N., Ethem Çevik, I., Erişmiş, 
U.C. (2010): A study on the blood cells of the fire-bel-
lied toad, Bombina bombina L. (Anura: Bombinatori-
dae). Anim. Biol. 60: 61-68.

Arserim, S.K., Mermer, A. (2008): Hematology of the 
Uludağ Frog, Rana macrocnemis Boulenger, 1885 in 

Uludağ National Park (Bursa, Turkey). E.U. Turk. J. 
Fish. Aquat. Sc. 25: 39-46. 

Atatür, M.K., Arıkan, H., Mermer, A. (1998): Erythrocyte 
sizes of some Urodeles from Turkey. Turk. J. Zool. 22: 
89-91.

Atatür, M.K., Arıkan, H., Çevik, I.E. (1999): Erythrocyte 
sizes of some anurans from Turkey. Turk. J. Zool. 23: 
111-114. 

Atatür, M.K., Arıkan, H., Çevik, I.E., Mermer, A.  (2001): 
Erythrocyte measurements of some Scincids from 
Turkey. Turk. J. Zool. 25: 149-152. 

Baraquet, M., Salas, N.E., Martino, A.L. (2013): C-band-
ing patterns and meiotic behavior in Hypsiboas pul-
chellus and H. cordobae (Anura, Hylidae). BAG 24: 
32-39.

Barrio, A. (1965): Las subespecies de Hyla pulchella 
Duméril y Bibron (Anura, Hylidae). Physis 69: 115-
128.

Cabagna, M.C., Lajmanovich, R.C., Attademo, A.M., Pelt-
zer, P.M., Junges, C.M., Fiorenza Biancucci, G., Bassó, 
A. (2011): Hematología y citoquímica de las células 
sanguíneas de Rhinella fernandezae (Anura: Bufo-
nidae) en Espinal y Delta-Islas del río Paraná, Argen-
tina. Rev. Biol. Trop. 59: 17-28. 

Campbell, T.W. (2004): Hematology of lower vertebrates. 
In: 55th Annual Meeting of the American College of 
Veterinary Pathologists (ACVP) and 39th Annual 
Meeting of the American Society of Clinical Patholo-
gy (ASVCP), pp. 1214. ACVP and ASVCP, Eds, Mid-
dleton WI, USA.

Cei, J.M. (1980): Amphibians of Argentina. Monit. Zool. 
Ital. (N.S.) 2: 1-609.

Di Tada, I. E., Zavattieri, M.V., Salas, N.E., Martino, A.L. 
(1996): Anfibios anuros de la provincia de Córdoba. 
In: Biodiversidad de la provincia de Córdoba, pp. 
191-213. di Tada I.E., Bucher E.H, Eds, Universidad 
Nacional de Río Cuarto, Río Cuarto. 

Dönmez, F., Tosunoğlu, M., Gül, Ç. (2009): Hematologi-
cal values in hermaphrodite, Bufo bufo (Linnaeus, 
1758). N. West. J. Zool. 5: 97-103.

Duellman, W.E., Trueb, L. (1994): Biology of amphibians. 
McGraw Hill Inc., New York.

Evans, G. (1939): Factors influencing the oxygen con-
sumption of several species of Plethodontid salaman-
ders in aerial and aquatic media. Ecology 20: 74-95. 

Faivovich, J., García, P.C.A., Ananias, F., Lanari, L., Basso, 
N.G., Wheeler, W.C. (2004): A molecular perspective 
on the phylogeny of the Hyla pulchella species group 
(Anura, Hylidae). Mol. Phylogenet. Evol. 32: 938-950. 

Gallardo, J. M. (1974): Anfibios de los alrededores de 
Buenos Aires. Buenos Aires. Editorial Universitaria de 
Buenos Aires, Buenos Aires.



97Intraspecific variation in erythrocyte sizes among populations of Hypsiboas cordobae

Gallardo, J. M. (1987): Anfibios Argentinos. Guía para su 
identificación. Biblioteca Mosaico, Lib. Agropecuaria, 
Buenos Aires.

Gao, Z., Wang, W., Abbas, K., Zhou, X., Yang, Y., Diana, 
J.S., Wang, H., Wang, H., Li, Y., Sun, Y. (2007): Hae-
matological characterization of loach Misgurnus 
anguillicaudatus: Comparison among diploid, triploid 
and tetraploid specimens. Comp. Bio. Phys. A. 147: 
1001-1008.

Gregory, T.R. (2000): Nucleotypic effects without nuclei: 
Genome size and erythrocyte size in mammals. 
Genome 43: 895-901.

Gregory, T.R. (2001): The bigger the C-value, the larger 
the cell: Genome size and red blood cell size in verte-
brates. Blood Cell. Mol. Dis. 27: 830-843. 

Grenat, P.R., Bionda, C.L.; Salas, N.E., Martino, A.L. 
(2009a): Variation in erythrocyte size between juve-
niles and adults of Odontophrynus americanus. 
Amphibia-Reptilia 30: 141-145.

Grenat, P.R., Salas, N.E., Martino, A.L. (2009b): Erythro-
cyte size as diagnostic character for the identification 
of live cryptic Odontophrynus americanus and O. cor-
dobae (Anura: Cycloramphidae). Zootaxa 2049: 67-68.

Hartman, F.A., Lessler, M.A. (1964): Erythrocyte meas-
urements in fishes, amphibian, and reptiles. Biol. Bull. 
126: 83-88.

Hutchison, V.H., Haines, H.B., Engbretson, G. (1976): 
Aquatic life at high altitude: respiratory adaptations in 
the Lake Titicaca frog, Telmatobius culeus. Resp. Phys-
iol. 27: 115-129.

Martínez, F.J., Mendiola, P., de Costa, J. (1985): Parámet-
ros hematológicos de Rana perezi (Amphibia: Salien-
tia). Anales de Biología 5: 73-78. 

Martino, A.L., Sinsch, U. (2002): Speciation by polyploidy 
in Odontophrynus americanus. J. Zool. 257: 67-81. 

Matson, T.O. (1990): Erythrocyte size as a taxonomic 
character in the identification of Ohio Hyla chrysosce-
lis and H. versicolor. Herpetologica 46: 457-462. 

Monnickendam M.A., Balls, M. (1973): Relationship 
between cell sizes, respiration rates and survival of 
amphibian tissues in long-term organ cultures. Comp. 
Biochem. Physiol. 44: 871-880.

Nöller, H.G. (1959): Eine einfache Technik der Blutent-
nahme beim Frosch. Pflug. Arch. Eur. J. Phy. 269: 
98-100.

Rosset, S., Baldo, D., Lanzone, C., Basso, N.G. (2006): 
Review of the geographic distribution of diploid and 
tetraploid populations of the Odontophrynus ameri-
canus species complex (Anura: Leptodactylidae). J. 
Herpetol. 40: 465-477.

Ruiz, G.; Rosenmann, M., Veloso, A. (1983): Respira-
tory and haematological adaptations to high altitude 
in Telmatobius frogs from the Chilean Andes. Comp. 
Biochem. Physiol. A 76: 109-113.

Schröer, T., Greven, H. (1998): Verbreitung, Populations 
Strukturen und Ploidiegrade von Wasserfröschen in 
Westfalen. Z. Feldherpetol. 5: 1-14.

Sevinç, M., Ugurtas, I.H., Yildirimhan, H.S. (2000): 
Erythrocyte measurements in Lacerta rudis (Reptilia, 
Lacertidae). Turk. J. Zool. 24: 207-209.

Smith, H.M. (1925): Cell size and metabolic activity in 
Amphibia. Biol. Bull., 48: 347-378.

Stöck, M., Grose, W.R. (1997): Erythrocyte size and 
ploidy determination in green toads (Bufo viridis 
complex) from Middle Asia. Alytes 15: 72-90.

Szarski, H. (1970): Changes in the amount of DNA in cell 
nuclei during vertebrate evolution. Nature 226: 651-
652.

Szarski, H. (1976): Cell size and nuclear DNA content in 
vertebrates. Int. Rev. Cytol. 44: 93-111.

Valetti, J.A., Salas, N.E, Martino, A.L.  (2009): A new 
polyploid species of Pleurodema (Anura: Leiuperidae) 
from Sierra de Comechingones, Córdoba, Argentina 
and redescription of Pleurodema kriegi (Müller, 1926). 
Zootaxa 2073: 1-21.

Vernberg, F. J. (1955): Hematological studies on salaman-
ders in relation to their ecology. Herpetologica 11: 
129-133.

Weber, R.E. (2007): High-altitude adaptations in verte-
brate hemoglobins. Resp. Physiol. Neurobi. 158: 132-
142.

Wojtaszek, J., Adamowicz, A. (2003): Haematology of the 
fire-bellied toad, Bombina bombina L. Comp. Clin. 
Pathol. 12: 129-134.

Zhelev, Z.M., Angelov, M.V., Mollov, I.A. (2006): A 
Study of some metric parameters of the erythrocytes 
in Rana ridibunda (Amphibia: Anura) derived from 
an area of highly developed chemical industry. Acta 
Zool. Bulgar. 58: 235-244.




	Acta Herpetologica
	Vol. 8, n. 1 - June 2013
	Firenze University Press

	Journal of the Societas Herpetologica Italica
	ACTA HERPETOLOGICA

