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Variations in the size of erythrocytes in the blood of
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Abstract. We studied the variation in the sizes of erythrocytes and their nucleus in two closely related species of mountain
newts, Neurergus kaiseri and Neurergus microspilotus, living in two different environments, using blood smears stained
with Giemsa. The erythrocytes were found to be more elongated and bulky in N. kaiseri with a broader nucleus, whereas in
N. microspilotus, the erythrocytes were smaller with a relatively elongated nucleus. The nuclear membrane showed crena-
tion in both species, which is located central or eccentric in both N. kaiseri and N. microspilotus.
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Introduction

Blood analyses are useful, widely used tools that aid in the
diagnosis and monitoring of animal health, respectively
disease, and in the differentiation of physiological proc-
esses (CHIRISTOPHER et al. 1999). These techniques are
used for several wildlife species, especially for threatened
or endangered populations, and may also help to assess
ecosystem health (DEEM et al. 2006). However, very little
has been published with regard to amphibian haematolo-
gy. The majority of these works were concerned with blood
cell counts of different anurans, however only a small per-
centage of them were on the haematology of urodeles, al-
though the similarity in function of amphibian blood cell
types and those of other species is largely unknown (Crav-
ER & QUAGLIA 2009).

In Iran, the family Salamandridae is represented by
three genera, Triturus, Neurergus and Salamandra (Ba-
LOUTCH & KaAMI 1995). The genus Neurergus has a relative-
ly wide geographic distribution, ranging from the southern
Zagros Mountains to the central Zagros range and extend-
ing into Iraq and southern Turkey (CoPE 1862, BALOUTCH
& KAMI 1995). SHARIFI & ASSADIAN (2002) demonstrated
that N. microspilotus occurs in several highland streams
in the central Zagros Mountains. N. kaiseri is endemic to
Iran and occurred only in the southern parts of the Zagros
Mountains (SHARIFI et al. 2008). They also showed that
N. kaiseri was highly vulnerable to the changes occurring
in the area, including the presence of exotic fish as a result
of the expansion of the Dez Dam reservoir. Available in-

formation showed us that no haematological studies have
so far been conducted on N. microspilotus and N. kaiseri.

The aim of the present work was to establish baseline
information on the haematology of these two species and
to compare data for two closely related species of urodeles
living in Iran. The protocols and haematological results ob-
tained in this study could be incorporated into future mon-
itoring activities and programs associated with a Captive
Breeding Facility established at Razi University for a pos-
sible re-introduction plan.

Materials and methods

Four specimens were used in this experiment, two of
N. microspilotus that had been collected from Kavat Stream
(34°53° N, 46°31° E) in western Zagros and two specimens
of N. kaiseri from Bozogab Stream in the southern Zagros
Mountains (32°56’ N, 48°28” E). Permits for collections were
issued on the grounds of scientific use by the regional Of-
fice of Environment in Kermanshah Province for N. micro-
spilotus and in Khoramabad Province for N. kaiseri. Blood
samples were obtained by means of heart puncture. For
each individual, approximately six to eight blood smears
were prepared and stained with Giemsa for the assessment
of the morphology and size parameters of their blood cells.
The erythrocytes were then photographed using a camera
microscope (Leica with Dinocapture 2.0). Lengths (EL)
and widths (EW) of 50 randomly chosen erythrocytes as
well as nuclei lengths (NL) and nuclei widths (NW) were
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measured in each blood smear. Erythrocyte sizes (ES) and
their nuclei sizes (NS) were computed for ES = ELEWn/4
and NS = NLNWt/4 (ARIKAN & CICEK 2010). Cells and
nuclei shapes were compared as to their EL/EW and NL/
NW ratios and nucleus/cytoplasm as to its NS/ES ratio.
Correlation between erythrocyte sizes were analysed with
a student t-test.

Results

The erythrocytes of both N. kaiseri and N. microspilotus
are oval. They have an ellipsoid nucleus, which is located
central or eccentric in the erythrocyte. On smears stained
with Giemsa, the cytoplasms were light yellowish and the
chromophilic nuclei dark purplish blue. The blood smears
of the examined species demonstrated inter- and intraspe-

A) x 4000

C) x 6300

cific variation in terms of length, width and size of the
erythrocytes and also in nuclei dimensions. The erythro-
cyte measurements, their ratios, nuclei measurements and
nucleocytoplasmic ratios are given in Table 1. Amongst
the two species, the more elongated erythrocyte was ob-
served in N. kaiseri (Table. 1). Mean lengths, widths and
sizes of erythrocytes in N. kaiseri were found to measure
21.49-37.73 pm, 14.79-17.82 um, and 261.66-503.51 pmz, re-
spectively. In addition, EL/EW ratio, mean nucleus length,
mean nucleus width, mean nucleus size, NL/NW ratio, and
nucleocytoplasmic ratio (NS/ES) were found to measure
1.28-2.06, 7.91-11.49 um, 5.21-7.08 um, 32.35-54 pmz, 1.52—
1.90 and 0.09-0.17 in this species.

Mean length, width and size of erythrocytes in N. micro-
spilotus ranged from 20.04-24.71 pum, 12.06-14.98 um and
192.64-289.80 pm”. The EL/EW ratio, mean nucleus length,
mean nucleus width, mean nucleus size, NL/NW ratio and

B) x 4000

D) x 10000

Figure 1. Photomicrographs of erythrocytes from two species of newts from Iran. The nucleus membrane shows crenation in both

species (C, D). N. microspilotus (A, C) and N. kaiseri (B, D).
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Table 1. Erythrocyte and nuclei measurements (+ standard deviation) of two Neurergus species from Iran (L: erythrocyte length,
W: erythrocyte width, ES: erythrocyte size, NL: nucleus length, NW: nucleus width, NS: nucleus size, NS/ES: nucleocytoplasmic ratio).

Species L (um) W (um) L/W ES (um?)  NL (um) NW (um) NL/NW NS (um) NS/ES
N. kaiseri 27.41 16.48 1.67 355.71 9.78 6.01 1.63 45.92 0.13
+3.17 +0.87 +0.20 +47.60 +0.71 +0.42 +0.14 + 5.85 +0.003
N. microspilotus 22.15 13.68 1.63 238.30 9.91 5.26 1.88 41.005 0.17
+1.43 +1.14 + 0.15 +29.05 + 0.64 + 0.20 +0.14 +0.32 +0.019

nucleocytoplasmic ratio (NS/ES) were found to vary be-
tween 1.08 and 2.2, 8.3 and 10.84 um, 5.01 and 7.07 pm, 37.21
and 76.64 pm?, 1.09 and 2.13, and 0.09 and 0.22, respective-
ly. Comparing erythrocyte lengths in the two species, those
in N. kaiseri are significantly more elongated than those
of N. microspilotus (t-test, p < 0.002). Similarly, the most
strongly ellipsoidal erythrocytes (p < 0.002) were observed
in N. kaiseri. The nucleus was more elongated in N. micro-
spilotus (Table 1).

Discussion

Neurergus microspilotus is slightly larger than N. kaiseri
(Table 2) and lives under two different climatic regimes.
Although both species of Neurergus occur in highland
streams of the first order, these two areas (central Za-
gros and southern Zagros) are distinctively different eco-
logically. In the southern Zagros Range, where N. kaiseri
occurs, the cold and wet highland climate with its pro-
nounced seasonal variations infiltrates the warm and dry
lowlands of the Persian Gulf littoral. Within the relatively
short distance from the highlands of the Iranian plateau
to the southern lowlands, there are many deep valleys that
receive one of the highest amounts of precipitation in the
country, giving rise to many streams that eventually dis-
charge their into the Mesopotamian marshlands (SHARI-
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Figure 2. Average and standard deviation of the lengths of eryth-
rocytes and nuclei obtained from 50 randomly chosen specimens.

FI et al. 2008). Several first-order streams, which originate
from the highlands of the southern Iranian plateau, have
very narrow and short upper reaches that are cool enough
to support N. kaiseri. Rapid decrease in elevation and the
dynamic interaction of the two different climatic systems
in the south and north provide warmer climatic conditions
with no periods of frost. In contrast to the southern Zagros
Mountains, the climatic conditions in the central Zagros
Mountains, where N. microspilotus occurs, are character-
ized by long freezing periods (SHARIFI & ASSADIAN 2002).

One important function of the erythrocytes is to carry
oxygen and carbon dioxide through the blood stream. In
transforming these vital gases, the surface to volume ra-
tio has been proved to be a determining factor (NIKNMAA
1997). Thus, a small erythrocyte offers the possibility of a
higher rate of gas exchange than a larger one. Moreover,
the size of an erythrocyte reflects the position of a species
on the evolutionary scale (ATATUR et al. 2001). In lower
vertebrates, such as cyclostomes, elasmobranches and
urodeles, the erythrocytes are large, but in higher verte-
brates, such as mammals, these cells are smaller and do not
contain nuclei (ATATUR et al. 2001). Several authors have
clearly demonstrated that urodeles had the largest blood
cells (erythrocyte, leucocytes and thrombocytes) amongst
amphibians and reptiles (e.g., HARTMAN & LESSLER 1964,
KuraMOTO 1981, CLAVER & QUAGLIA 2009). These stud-
ies have also shown that blood smears display considerable
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Figure 3. Average and standard deviation of the width of erythro-
cyte and nucleus obtained from 50 randomly chosen specimens.
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Table 2. Morphological characteristics Neurergus microspilotus from Kavat Stream and N. kaiseri from Bozorgab Stream. Differ-
ences indicate significant differences at alpha 0.05. [SVL: snout-vent length; TL: tail length; HW: head width; FLL: fore limb length;

HLL: hind limb length].

Morphological characteristics ~ N. microspilotus N. kaiseri p-value
SVL (mm) 63.12 +7.34 60.37 + 4.28 0.24
TL (mm) 129.23 + 13.07 113.54 + 31.22 0.05
HW (mm) 16.06 + 17.52 10.21 + 0.35 0.08
FLL (mm) 17.55 + 1.45 17.33 + 1.49 0.69
HLL (mm) 20.62 +1.93 17.63 = 1.35 0.00
interspecific and even intraspecific variations in terms of References

cell sizes. Within the examined amphibians, no important
differences were observed between the erythrocyte and nu-
cleus sizes of urodelanand anuran species (ARIKAN & CIC-
EK 2010). Such differences, however, do not show any cor-
relations with body size (ARIKAN & CICEK 2010).

Some authors have established associations between
blood cell characteristics and environmental conditions
such as temperature or barometric pressure (Ruiz et al.
1983, 1989) and/or various activity levels such as hibernat-
ing, foraging and breeding and other daily activities (e.g.,
CAMPBELL 2004, ALLANDER & FRY 2008, SYKES & KLAP-
HAKE 2008). These views are congruent with the conclu-
sions drawn by HARRIS (1963), ATATUR et al. (1998, 1999)
and GUL & Tok (2009). In a similar study conducted by
KuramoTO (1981), the EL/EW ratio ranged between 1.63
and 1.80 in urodeles and from 1.38 to 1.69 in anurans. Con-
sequently, the erythrocyte shape was more ellipsoidal in
urodeles than in anurans. The NL/NW ratio ranged from
1.55 to 1.69 in urodeles and from 1.57 to 2.35 in anurans.
This information indicates that, contrary to the situation in
EL/EW, anurans have more ellipsoidal nuclei than urode-
les, which is compatible with our findings. ARIKAN & CI-
CEK (2010) have also found that the nucleocytoplasmic
ratio had a range of 0.22-0.34 in urodeles and 0.10-0.16
in anurans. This indicates that anurans have a larger cyto-
plasmic surface area than urodeles in terms of the nuclear
surface area of erythrocytes. Our results obtained from the
current study are in accordance with those demonstrated
for urodeles by KuraMoTO (1981) and ARIKAN & CICEK
(2010).

This study establishes baseline information for erythro-
cyte and nuclear size and nuclear membrane character-
istics for two critically endangered species. Due to small
sample sizes, we cannot quantitatively attribute the differ-
ences in erythrocyte and nuclear size to size, age, or envi-
ronmental factors. Further studies focusing on factors that
contribute to differences in blood parameters amongst and
within populations may be able to clarify these questions.
Ongoing and future monitoring studies may find these
data helpful for assessing the physiological and immuno-
logical parameters of individual newts. Of particular inter-
est will be to find out if and how parameters change in cap-
tive breeding facilities for conservation initiatives as com-
pared to free-ranging populations.
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