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Histological changes in the gill epithelium of endemic Lake Van Fish
(Chalcalburnus tarichi) during migration from alkaline water to freshwater
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Abstract. The gill histology of the endemic Lake Van Fish (Chalcalburnus tarichi, Pallas 1811) was compared in
two different water systems during the reproductive migration from alkaline water to freshwater. The
histological examination of gill samples showed that freshwater samples had a thinner primary lamella.
While the cells that secrete mucous into the gills showed no volumetric change, a significant increase in their
number was observed. In fish acclimated to freshwater, a small number of mucous cells was identified in the
secondary lamella. Epithelial lifting was observed in both types of aquatic environments. Gill anomalies were
mostly observed in the freshwater samples. Hyperplasia, lamellar fusion, vasodilation, and necrosis were
observed in the gills of most fish that migrated to freshwater. The observed changes to the primary lamella,
mucus cell distribution, and increase in mucous cell number in the gills may be functional in fish
osmoregulation. Lesions may be related to the effects of different pollutants in a certain period,
physicochemical differences, or stress caused by the two different aquatic environments. In addition, the
present study is the first to demonstrate that the gills of the Lake Van fish are infected by Myxobolus parasites.
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Introduction

Lake Van is located in eastern Turkey, and is the
third largest lake of the world (Fig. 1; 38°38'N,
42°48'S). The surface area of the lake is 3522 km?,
its volume is 576 km?, and its surface elevation is
1648 m a.s.l. In addition, it is the largest soda lake
of the world (Reimer et al. 2009). Because of the
lake’s extreme conditions (salinity 22 %o, pH 9.8,
and alkalinity 153 mEqx]?), only few aquatic spe-
cies are present (Danulat & Kempe 1992) and only
one vertebrate species and a few invertebrate spe-
cies inhabit the lake. The only vertebrate living in
the lake is the endemic Lake Van fish (Chalcalbur-
nus tarichi Pallas, 1811), for which the lake repre-
sents both the foraging and the developmental
habitat. The fish only migrates to the inflows of
the lake in April-July for reproduction. During
this migration, the fish switches from inhabiting
the alkaline and saline lake water to freshwater.
Fish that reach reproductive maturity (+3 years in
age) participate in the reproductive migration. Fol-
lowing reproduction in freshwater, the fish imme-
diately return to the hyper- alkaline and saline en-
vironment of the lake.

Fish gills are the organs where gas exchange,
ionic regulation, acid base adjustment, as well as
the discharge of nitrogenous wastes occurs. Fish
gills contain mitochondria-rich cells, pavement
cells, mucous cells, and neuroepithelial cells.

Pavement cells function in the gas exchange of liv-
ing organisms, and constitute more than 90% of all
gill cells. Mitochondria-rich cells are responsible
for ion and acid base regulation (Wilson &
Laurent 2002, Evans et al. 2005). These cells are
less in number compared to pavement cells.
Mucous cells protect the gills against patho-
genic microorganisms and contribute to ion ex-
change through mucous secretions. An increase in
mucous cell density and secretions in fish has been
shown to be correlated with an increase in salinity
(Roberts & Powel 2003), elevated pH and ammo-
nia concentrations (Lease et al. 2003), and micro-
bial and parasitic infection (Dezfuli et al. 2010).
Because fish gills are directly connected to the
external environment, they are quite sensitive to
the chemical and physical changes of water
(Pandey et al. 2003). Histopathological changes in
the fish gills are used as a tool to determine the
negative effects of many pollutants, both in field
and experimental studies (Raskovié¢ et al. 2013).
The impacts of pollution (Biagini et al. 2009, Jir-
aungkoorskul et al. 2003, Camargo & Martinez
2007), bacteria (Santos et al. 2012), parasites (Haa-
paranta et al. 1997), anesthetic agents (Crespo et al.
1988, Gomulka et al. 2008), algae, and zooplankton
(Rodger et al. 2011) on several species of fish have
been reported in previous studies. These parame-
ters may cause various changes to gill histology,
including epithelial lifting, hyperplasia, edema,
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leucocyte infiltration, lamellar fusion, vasodilation
in the main venous sinus or secondary lamellae,
and necrosis.

This study aimed to evaluate the morphologi-
cal structure of fish gills during the reproductive
migration of the Lake Van fish from the alkaline
water conditions of the lake to the freshwater con-
ditions of Karasu River. Gill histopathology
(epithelial lifting, necrosis, lamellar fusion, and
vasodilation) was documented and correlated to
the two different environmental conditions.

Materials and methods

Fish specimens
During the reproductive season of 2013 (April-July), Van

Lake fish were caught from Van Lake (alkaline and brack-
ish water) and Karasu River (freshwater) (Fig. 1). A total
of 38 adult fish were collected from both the lake and the
river. The mean weight and height of the fish were 37-111
g and 15-20 cm, respectively. The water characteristics
(pH, temperature, salinity, dissolved oxygen and specific
electrical conductivity) of both the lake and river were de-
termined with a multiparameter device (Orion 5 Star;
Thermo, Barrington, IL). All study procedures were car-
ried out according to national animal care regulations.
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Figure 1. Map of the Lake Van (* sampling site in lake).

Histology
The fish gills were prepared for histological analysis ac-

cording to a standard procedure. The gills were fixed in
Bouin's fixative for at least 24 h. Fixed tissues were dehy-
drated in a graded ethanol series, cleaned in xylene, and
embedded in paraffin wax. Sections of 5-7 pm were ob-
tained with a rotary microtome (HM 325 Manual Micro-
tome, MICROM International GmbH, Waldorf, Germany)
and stained with conventional hematoxylin and eosin
(H&E) for routine histological examination and Periodic
acid-Schiff’'s (PAS) stains for mucous cell examination.
The stained sections were examined under a light micro-
scope (Leica Microsystems, Wetzlar, Germany), and were
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photographed with a mounted digital camera (DFC 490,
Wetzlar, Germany).

The abundance of mucous cells was determined for
each fish specimen from both the lake and river condi-
tions, by counting all of the stained cells of the filaments
along a 500 pm length. Sectional mucous cell size (um?)
was determined by measuring 30 cells per fish specimen,
using an image-analysis program (Leica Application
Suite, Leica Microsystems GmbH).

Statistical analysis
Data were expressed as mean + standard error of means

(SEM). Raw data were analyzed by using statistical pack-
age software (SPSS 11.5). Student’s f-test comparison was
applied to determine the differences between the two en-
vironmental groups. Significance was set at P < 0.05.

Results

Water characteristics from the two sampled areas
are presented in Table 1. It was found that the pH,
salinity, dissolved oxygen, conductivity, and %
saturation values of the two environments dif-
fered.

Table 1. Water characteristics of Lake Van water and
Karasu River during the reproductive season (April-May)
in 2013. Data are expressed as the mean = SEM. * indicate
statistical differences at P< 0.05. (n=10).

Parameter Unit Lake Van River
pH 9.57+£029 854+0.07
Temperature °C 231+042 143+027
Salinity Yoo 17.2+0.13 0.2 +0.01"
Dissolved oxygen =~ mg/L  6.00+£0.53 10.45+0.68"
Conductivity uS/cm  27.06 £1.27 0.478 £0.52°
Saturation % 954+13 1281+1.23"

The gill histology of the Lake Van fish was
similar to other teleost species (Pereira et al. 2013,
Raskovi¢ et al. 2013). Each gill consisted of a pri-
mary filament and secondary lamellae. The pri-
mary lamellae of the fish sampled from the lake
were thinner than in the case of the freshwater
samples. Figure 2 shows the pavement cells, mu-
cous cells, and mitochondria-rich cells after stain-
ing. Mitochondria-rich cells were more circular
than epithelial cells. These cells contained a large
nucleus and eosinophilic cytoplasm. Greater
numbers of mitochondria-rich cells were observed
in fish that were acclimated to freshwater condi-
tions. The mucous cells of these fish were larger
and more circular than the other cells. They were
stained in pink with PAS (Fig. 3A, B), but were not
stained with H&E (Fig. 2A, B). The presence of a
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. Figure 2. Histologic sections of
gill of Van Lake fish, stained
with H&E. A) Van Lake
adapted samples. B) Fresh-
water adapted  samples.
(F: gill filament, L: secondary
lamellae, *: mucous secreting
cell, arrow: erythrocytes and
arrowhead:  mitochondria-
rich cell, scale bar 50um)

Figure 3. Mucous secreting cell
in Lake Van fish gill by PAS
(Arrow: filamental mucous
secreting cell, arrowhead:
secondary lamellar mucous
secreting cell, scale bar 50
um)
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small number of mucous secreting cells was iden-
tified in the secondary lamellae of the fish that
were acclimated to freshwater (Fig. 3B). Mucous
cell areas were measured as 80.7 + 33.2 and 79.0 £
25.9 in the lake and river samples, respectively. No
significant difference was observed between mu-
cous cell area measurements of the lake and river
samples (P > 0.05). However, the increase in the
number of mucous cells in the primary lamellae of
the fish in the freshwater environment was statis-
tically significant (P < 0.05).

Histological
anomalies in the fish gills (Fig. 4). The most fre-
quently observed type of lesions in the two
aquatic environments were epithelial lifting (Fig.
4B) and hyperplasia (Fig. 4D). When the gills of
the fish sampled from the lake and freshwater
were compared, necrosis (Fig. 4C), lamellar fusion
(Fig. 4E), and vasodilation in the main venous si-
nus (Fig. 4F) were observed in many fish from the
freshwater environment. However, edema and
leucocyte infiltration were not found in the gills
sampled from either environment. Irregular thick-
ening in the primary lamellar epithelia of the fish
sampled from the freshwater environment was
identified. Cell proliferation increased in the fresh-
water environment, and caused the secondary la-
mellae to fuse (Fig. 4E).

During sampling, white and oval spot forma-

examination showed some

tions of different sizes were observed for the first
time on the gills of the fish acclimated to freshwa-
ter (Fig. 5A). When these spot formations were ex-
amined histologically, numerous circular and el-
lipse shaped spots were present within them (Fig.
5B, Q).

Discussion

Fish are sensitive to environmental impacts, such
as pollution (Antal et al. 2013), acid-base, and ionic
change. Histology is a useful tool to assess
changes in the status of vital organs. In the present
study, we conducted a histological comparative
assessment of the gills of Lake Van fish during the
reproductive migration. Abnormalities were ob-
served on the gills, which may indicate the patho-
logical or adverse effects of the change in envi-
ronmental conditions.

Morphological examination of the fish gills in
the current study indicated that the primary la-
mellae were thinner in the fish acclimated to the
fresh water conditions of the lake (Fig. 2). The rea-
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son of the result can be attributed to the ion level
of the lake which is higher compared to that of the
river (Oguz 2013). Moreover, the hyperosmotic
environment of the lake may be advantageous to
fish by causing an increase in the quantity of ions
that they secrete, which enhances their resistance
to negative environmental impacts.

More mitochondria-rich cells were present in
the fish sampled from the freshwater environ-
ment, with this phenomenon being related to the
osmoregulation of the fish (Oguz 2013). Previous
studies identified the presence of different types of
mucous cells on fish gills depending on their
chemical composition. The glucoconjugates pro-
duced by mucous secreting cells isolate the gills
from the external environment. The basic function
of mucous secreting cells is protection. These cells
also contribute to various functions, such as ion
and gas exchange, antimicrobial activity, and pH
balance (Diaz et al. 2001). Thus, the increase in the
number of mucous secreting cells in the gills of
Lake Van fish might be caused by the differentia-
tion of the cells to carry out different functions
under freshwater conditions. When the fish enter
the freshwater environment, the protective condi-
tions caused by the high alkalinity Lake Van,
which restricts bacteria, disappears; consequently,
the gills become exposed to bacteria. Moreover,
the high alkalinity of the lake may also provide
protection against chemicals introduced into the
water as a result of intense agricultural activity.

The most frequently observed type of lesion
was epithelial lifting, which is reversible (Mallat
1985). This lesion type was frequently observed in
fish caught from the two environments (Fig. 3B).
With the fusion of the secondary lamellae and hy-
perplasia of the gills, the distance between the ex-
ternal environment and the blood vessels was re-
duced. This adjustment is thought to serve as a de-
fense mechanism (Jiraungkoorskul et al. 2003, Ev-
ans et al. 2005). Lamellar fusion (Fig. 4E) and hy-
perplasia (Fig. 4D) may occur in fish migrating
through waters contaminated by various pollut-
ants released by agricultural activities, as observed
in the current study. Another cause may be that
the fish are affected by changes in the physico-
chemical properties of the water (Table 1). Vasodi-
lation (Fig. 4F) and necrosis (Fig. 4C) were rarely
observed in the Lake Van fish, in both environ-
mental conditions. Previous studies stated that
these lesions are caused by various pollutants,
such as pesticides, heavy metals, and endocrine
disrupting chemicals (Mallatt 1985). Necrosis is a
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Figure 4. Photomicrographs of the gill filament of Lake Van fish. A: Normal tissue in freshwater.
B: Epithelial lifting C: Necrosis D: Hyperplasia E: Fusion of secondary lamellae
F: Vasodilatation in the secondary lamellae, scale bar 50 pm.

severe and irreversible change.

Lake Van fish migrate to the freshwater river
as schools during the spawning period. During
migration, the fish move against the water flow,
and do not forage. During this period, the fish are
often predated on by birds or caught by humans,
along with being subjected to major stress caused
by migration, mating, and breeding. In addition,
the fish are subjected to environmental stressors,

such as acid-base changes between the two envi-
ronments, cessation of feeding activity, and ion
differences. The histological lesions in the fish gills
found in the present study might arise also be-
cause of the stress that the fish are subjected to
within a short period of time. Pereira et al. (2013)
stated that anomalies observed in the gills do not
reflect the impacts of a certain pollutant, as these
anomalies may be caused by irregularity in the
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Figure 5. Plasmodium of Myxobolus spp. in Lake Van fish gill filament. A) General view of cyst.
B) Secondary lamellae (Arrow: cyst, arrowhead: secondary lamellae, scale 500 um) C) spore (*: inner

space of cyst, L:, secondary lamellae, arrow spore, scal, 50 pm).

ecosystem. Moreover, Perry and Laurent (1993)
stated that morphological changes in the gills rep-
resent adaptations that occur as a response to en-
vironmental changes. Haaparanta et al. (1997)
stated that there is no correlation between anoma-
lies and pollution, and that these anomalies are
caused by seasonal temperature changes and fluc-
tuating water quality. It is also known that pH has
the strongest influence on gill histopathology
(Ragkovic et al. 2013). In the present study, we hy-
pothesized that changes to the fish gill histology
were primarily caused by physicochemical
changes in the water and the stress to which the
fish are subjected, with a minor contribution by
pollutants, such as heavy metals (Bilgili et al. 1995,
Oguz & Yeltekin 2014) and endocrine disrupting
chemicals (Oguz & Kankaya 2013).

According to the literature, up to date no
parasites were found on Lake Van Fish. This study
was the first to identify parasites on Lake Van fish
acclimated to freshwater conditions, with these
parasites possibly belonging to the genus Myxobo-
Ius (Molnar et al. 2011). Cyst formations were only

observed on the gills of fish caught from the
freshwater environment, indicating that the para-
sites cannot survive the high alkalinity of the lake
water. Therefore, detailed research is required to
identify the parasitic genus to which this fish spe-
cies is vulnerable.
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