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The indices of the Melophagus ovinus (Linnaeus, 1758) population in Ukraine, and also the peculiarities of
morphological and metric structure of the insects’ body at all the stages of their development within the conditions of
the surveyed region were investigated. New data on morphometric differential signs of sexually mature males and
females of sheep bloodsuckers were obtained. It was established that M. ovinus are significantly widespread in Poltava
and Zaporizhzhia regions, and they parasitize 26.1% of the examined sheep stock with the infection intensity of 92.7 +
1.4 specimens and abundance — 24.7 specimens on one animal. The dynamics of M. ovinus population at different
stages of development was characterized by the highest abundance of sexually mature males (11.1 specimens) and
females (8.9 specimens). The given index concerning pupae and larvae was considerably lower (4.2 and 0.5 specimens
on one animal). It was found that post-embryonic and adult development stages of M. ovinus differ in their metric
indices. The length and width of the pupae were 17.4% and 13.2% larger than those of the larvae. The sizes of males and
females relative to the indices of body length, the length and width of head, thoracic, and abdominal segments, the
length of maxillary palpus and the length and width of the proboscis in fact differ in their values. The differential
morphological species signs of M. ovinus are the form and location of oculi, antennae, the structure of the head segment
of the body, and the mouthparts, and of sexual dimorphism — the distance from the caudal segment of the copulatory
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apparatus to the rear of the insect’s last abdominal segment.
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Introduction

Insects and invertebrates close to them, represent the object of
entomologyand are a wonderful group of animals. Among all the li-
ving organisms, inhabiting the Earth, the insects are the first as to both
the number of species and the population. The number of ecological
niches, occupied by insects, is huge: they can be found on other
insects, feed on live or dead plants, and parasitize on the body or in
the internal organs of higher animals. Often,a species has its own spe-
cific niche (Ross et al., 1982; Speight et al., 1999; Schowalter, 2000).

The body structure of insects, their tissues, and organs is often not
less complex in their own way than those of higher vertebrates,
though the body size of many adult insects reaches only 1-2 mm. The
high biological lability of insects has enabled them to adapt to
existence under various conditions. This peculiarity has facilitated the
intensive transition of insects to parasitism. Some of them have
become obligate plant parasites, others have adapted to parasitizing
on animals. In the majority of cases, the transformation of adult stage
insects into animal parasites was connected with the emergence of
hematophagy (Chemyshov, 1996; Adams, 1999; Lehane, 2005; Korzh
et al., 2009). One representative of the last mentioned group of insects
is Melophagus ovinus (Linnaeus, 1758), which parasitize on sheep,
causing the disease melophagosis (Small, 2005; Mulugeta et al., 2010;
Kumsa et al., 2012; Martinkovic et al., 2012; Amare et al., 2013).

Researchers have noted the considerable spreading and adaptati-
on of the sheep bloodsucking insect population to the climatic condi-

tions in the USA (Bulman and Lamberti, 2001; Scasta and Koepke,
2016), Chile (Alvarez et al., 2010), Ethiopia (Wall, 2007; Chanie
etal., 2010; Berhanu et al., 2011; Kumsa et al., 2014), the Republic of
Argentina (Olaechea et al., 2006; Escribano et al., 2012), Iraq (Zanga-
na et al., 2013), Brazil (Costa et al., 1983) and Kazakhstan (Doszha-
nov, 1975), where the prevalence of infection fluctuated from 1.2 to
100.0%.

A large number of papers testify that M. ovinus is a widespread
ectoparasite across most of the territory of the Russian Federation
(Domatskaia, 1974; Migunov and Timofeev, 1999). For example,
parasitization by sheep bloodsucking insects has been found on the
territory of 10 regions of the Republic of Bashkortostan; prevalence
of infection indices varied from 29% to 100%, and intensity — from
12.1 £2.2t0495.7 £ 12.2 insects on an animal (Abdullin, 2014).

Such high population indices of M. ovinus can be explained by
the peculiarity of their structure, which was formed in the process of
adaptation to parasitizing on sheep. Researchers point out, that as a
result of metamorphosis, M. ovinus, transformed into a wingless
insect, and the structure of its body assists in better feeding, moving,
fixing on wool, and reproduction, which considerably raises their
survival prospects under such conditions of parasitism (Hutson, 1984;
Mullen and Durden, 2009). Nevertheless, the data concerning the
separate aspects of morphology and metric differential signs of
M. ovinus are outdated, sometimes contradictory, and they only
incompletely disclose the peculiarities of their structure at different
biological stages of the insects’ development. For example, some
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authors mention, that the body length of imago insects varies from 4
to 7 mm, and after sucking blood and the presence of larvae in the
females’ gonads, their length increases to 10 mm (Vorobiov et al.,
1966). Other authors confirm, that the length of sexually mature
M. ovinus is between 4-6 mm (Luedke et al., 1965) or may fluctuate
from 2.5 to 10.0 mm (Narchuk, 2003). At the same time, some
researchers have found that the body length of M. ovinus is 67 mm
(Sewell and Brockesby, 1990).

It is proven that M. ovinus is a permanent species specific ectopa-
rasite, which belongs to the category of viviparous insects, and the
cycle of its development takes place through complete transformati-
on, including the following phases: larvae, pupae, and imago (Wall
and Shearer, 1997). Not enough attention is paid to the peculiarities of
the morphometric structure of M. ovinus pre-adult stages in the
scientific literature. It is known that the larvae of M. ovinus are rather
large, immobile, of white colour, round form, and have the length up
to 3.5 mm. After 6-12 hours the larvae on the animal’s body tran-
sform into pupae, their chitinous covering becomes harder and turns a
chestnut-brown colour, their length is 3-4 mm (2/3 of imago length)
(Suarez et al., 2007; Olaechea, 2009).

The aim of the this article is to determine the indices of popula-
tion number of M. ovinus at different stages of their development
under the conditions of the Forest-Steppe and Steppe zones of
Ukraine, and also to establish the differential morphometric signs of
adult and pre-adult forms of insects — hematophags.

Materials and methods

The research was conducted during 20152017 on the basis of
the research laboratory of the Department of Parasitology and
Veterinary-Sanitary Expert Examination of the Faculty of Veterinary
Medicine at Poltava State Agrarian Academy. The population indices
of M. ovinus were studied on the basis of agricultural enterprises,
private holdings, and sheep farms in the Forest-Steppe and Steppe
zones of Ukraine (Veselivka, Berdiansk, Zaporizhzhia, Melitopol,
Novomykolaivka, Orikhivka, Tokmak districts of Zaporizhzhia
region; Poltava, Chutove, Zinkiv, Dykanka, Novi Sanzhary districts
of Poltava region). While examining the sheep stock the main indices
of the M. ovinus population were the prevalence of infection, infecti-
on intensity, and abundance (Ripolovskyi and Yuskiv, 2010). The in-
sects were caught and collected at all the stages of their development
using fingers and anatomical forceps by the complete surveying of the
animals’ hair covering (Tretiakov et al., 2006). Bloodsucking insects
were identified with the help of an identification guide (Ler, 2001).
In all, 5084 sheep were examined.

The identification of differential morphological and metric para-
meters of the M. ovinus specimens obtained at different stages of their
development was conducted taking into account the peculiarities of
the structure of the head, thoracic, abdominal body segments,
mouthparts, and oculi of males and females, and also the length and
width of their larvae and pupae.

With the aim of measuring the bloodsucking insects’ metric cha-
racteristics the ImageJ for Windows® (Version 2.00) software in
interactive conditions was used and also a 16 object-glass and a “10
eyepiece. The projection of the ruler points of the ocular-micrometer
on the ruler of the object-micrometer was used for calibrating the
images’ analyzer (the micrometers were in the set of a MicroMed
microscope). Taking micro-pictures was conducted using a digital
camera attached to a MicroMed 3Mpix microscope (China). The sta-
tistical processing of the experimental research results was performed
using the tables of Student’s t-criteria (Lapach et al., 2001).

Results

According to the results of the conducted survey, the blood-
sucking insect M. ovinus was found to be a widespread parasitic
insect on the territory of the Forest-Steppe and Steppe of Ukraine.
The average prevalence of infection of sheep with M. ovinus was
26.1%, infection intensity — 92.72 + 1.41 specimens on an animal’s
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body (minimal and maximal indicators fluctuated from 2 to 301 spe-
cimens). At the same time, the average abundance was 24.7 speci-
mens on one animal.

It was determined, that within the population of M. ovinus, out of
125,701 representatives of the given species sexually mature 3 —
44.8% (56,251 specimens) and @ — 36.2% (45,441 specimens)
prevailed. The population of pupae and larvae was less — 16.9% and
2.2% (21,269 and 27,40 specimens). The abundance was: & — 11.1
specimens, @ — 8.9 specimens, pupae — 4.2 specimens, larvae —
0.5 specimens on one animal (Fig. 1).

BJ EQ #J|pupae [larvae

2.2%

16.9%

44.8%

specimens per animal
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Fig 1. The indices of M. ovinus population at different stages
of their development (n = 125,701): a — percentage; b — abundance

As aresult of the conducted research, it was established that the
M. ovinus population is represented by four biological forms: &, @,
larvae, and pupae, which have characteristic differential morpho-
logical and metric characteristics (size, form, and body structure)
(Fig. 2, Table 1).

For example, the larvae had an oval-elongated form, milky-
white colouring, and soft chitinous covering. Their body length and
width, on average was 3.14 + 0.02 mm (and fluctuated from 3.0 to
3.5 mm) and 1.64 £ 0.02 mm (and fluctuated from 1.4 to 1.8 mm).
The pupae were of oval form and brown colouring, and their
chitinous covering was much harder than that of the larvae. It was
proven that their length and width was in fact larger, respectively,
by 17.4% (3.80 £ 0.06 mm, P < 0.001) and by 13.2% (1.89 +
0.02 mm, P < 0.001), than those of the larvae.

&%

1] H H

Fig. 2. M. ovinus: 1 — Q32— J; 3 —larva; 4 — pupa

9
[4]

Sexually mature males and females of M. ovinus visually do
not differ from each other. The peculiarities of the head segment
structure of the body of this species were registered by morphologi-
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cal investigations. The head of the insects is prognostically locali-
zed relative to the thoracic and abdominal segments, which is cha-
racteristic of parasitic insects, their mouthparts are directed forward.
The head is flattened, insignificantly pressed into the thoracic seg-
ment, and consists of the following segments: vertex, frons, genae,
postgenae, subgenae, occiput, and also contains the mouthparts,
oculi, and antennae (feelers). The chitinous covering of the head of
M. ovinus is covered with short, stiff bristles (Fig. 3). It is characte-
ristic that the clypeus is greatly displaced, it is of insignificant size,
and directed forward together with the mouthparts.

Table 1
Metric parameters of post-embryonic development stages
of M. ovinus,n= 50

Indices Sizes, mm -
M+m min max
length 3.14+0.02 30 35
Larvae width 1.64+0.02 14 18
Pu length 3.80 4+ 0.06%+* 3.0 50
pac width 1.89 +0,02%%* 17 22

Note: *** —P <0.001 relative to the larva indices.

Fig. 3. The morphological structure of the head segment of the
M. ovinus imago body (“40, “100): Vr — vertex, Fr — frons,

G — gena, Ant — antennae, Pmx — palpus maxillaries, Cly — clypeus,
Oc — oculus, Om — ommatidia, Ch — chetoids, Prb — proboscis,
R —rostrum; / — frontal antennal segment (scapus), 2 — the second
antennal segment (stalk of antenna), 3 — the third antennal
segment (cilium), 4 — bristles

The differential morphological sign of M. ovinus adult forms is
the form and localization of ommatea and antennae. The ommatea are
partially reduced to narrow lengthwise stripes, they are poorly
noticeable and localized on the head sides behind the antennae.
M. ovinus have short antennae, consisting of three segments (scapus,
the stalk of antenna, and cilium); they are submerged in their own
fossae, and externally look like one-segment. Nevertheless, their first
antennal segment (scapus) is blended with the head capsule, the
second antennal segment (the stalk of the antenna) has a deep cavity,
where the third antennal segment (silium) is submerged. Only its top
is visible outside looking like short bristles. The antennae are large,
and they are localized on the frontal rear of the insect head segment.

The mouthpart of M. ovinus is directed forward, it is turgid, not
retracted, and is adapted to bloodsucking; it is represented by the
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glossinoid proboscis of boring-sucking type (Fig. 4). It is composed
of: the rostrum (containing the clypeus), gaustellum (consisting of
prementum (labium), hypopharynx, labrum, labellum, and palpus
maxillaries. The labrum and labium form the labial groove, and at
the rear segment of the proboscis they overlay each other and, in
fact, they represent a tube. The chitinous covering of the palpus
maxillaries contains short hairs.

Fig. 4. The morphological structure of the mouthparts of imago
M. ovinus (“40, “100, “400): PrMe — prementum (part of the
labium), Lbll —1abellum, Lbll;, Lbil,, Lbil; — the appendages

of the labial plate, G — gaustellum, Lbr — labrum, Pmx — palpus

maxillaries, Cly — clypeus, Lb — labium Denti,
Prb — proboscis, R — rostrum

There is a small groove, containing the hypopharynx inside, in
the middle of the labial groove. The groove and the small groove
consist of thick and dense chitin. At the state of rest, the external part
of the labellum or outer labial plate (Lbll) is visible on the proboscis.
It is rounded at the distal end, and at the proximal one it is stretched
into three large appendages (Lbll;, Lbll,, Lbll;). The right and the left
labial plates are immovably joined to each other along the abdominal
line. Longitudinal furrows with denti, used by the bloodsucking in-
sects to bore the skin of the animal, are localized on the top of the
proboscis of the frontal rear of the labial plate.

The new data on the peculiarities of the morphometric body
structure of adult @ and & M. ovinus were obtained as a result of
the research conducted (Table 2). Thus, the body length of @ is
12.6% (6.19 + 0.07 mm, P < 0.001) greater than that of & (5.41 +
0.06 mm).The head section of the @ body is 8.1% (1.23 + 0.02 mm,
P < 0.01) longer and 6.8% (1.51 + 0.02 mm, P < 0.001) narrower,
than that of & (1.13 £ 0.02 and 1.62 = 0.02 mm). The thoracic
section of the @ body turned out to be 7.4% (1.63 + 0.02 mm, P <
0.001) shorter and 14.5% (1.72 £+ 0.02 mm, P < (0.001) broader than
that of & (1.76 + 0.02 and 1.47 + 0.02 mm). At the same time, the
abdominal region of the @ body was 14.8% (3.58 £ 0.02 mm, P <
0.001) longer and 13.5% (3.33 + 0.02 mm, P < 0.001) broader than
that of &' (3.05 £ 0.042 and 2.88 + 0.03 mm).

The sizes of the ommatea also turned out to be different in &
and Q. In @ they were 2.5% (351.91 £ 1.34 um, P < 0.001) longer
and 11.7% (98.14 + 0.64 um, P < 0.001) narrower that those of
(343.06 + 1.74 and 111.88 + 1.88 pum). Metric parameters of the
mouthparts were characterized by larger values concerning the
length of palpus maxillaries (by 3.6%, P < 0.001) and proboscis (by
11.4% and 10.9%, P < 0.001) in Q than in & (893.42 + 4.20 and
168.47 +3.57 um and 845.48 +2.19 and 38.55 £ 0.16 pm).
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Table 2
Metric parameters of the adult stages
of M. ovinus development, n =50

: 9 3
Indices M£m min-max M:tm min-max
Bodylength, 194007 50-70 5412006 45-65
Head segment
length, mm 1.23 +£0.02%* 1,0-14 1.13£0.02 1.0-13
width, mm 1.51£0.02%** 1.2-1.7 1.62+0.02 14-1.8
Ommatea
length, pm 351.91£1.34*%* 3302-368.6 343.06+1.74 318.1-367.8
width, um 98.14£0.64***  89.3-109.5 111.88+1.88 97.1-1344
Mouthparts, including:
Palpus maxillaries
length, pm 92724 +£3.56%** 878.8-984.5 89342+420 837.1-9334
width, pm 17436+343  131.8-213.6 16847+3.57 121.8-213.6
Proboscis
length, pm 95437+£246*%* 91149760 84548+2.19 812.2-871.3
width, pm 4327+£0.08*** 421441  3855+0.16  36.1-409
Thoracic segment
length, mm 1.63 £0.02%* 15-18 1.76 £0.02 1520
width, mm 1.72 £0.02%** 1.3-19 1.47+0.02 1.3-1.7
Abdominal segment

length, mm 3.58£0.02%** 3338 3.05+£0.04 2735
width, mm 3.33£0.02%%* 3.035 2.88+0.03 2632

Note: ¥* —P <0.01; *** — P < 0.001 relative to indices in J.

Our own research confirmed that sexual dimorphism is inherent
to this species of ectoparasite. The main morphological sign distin-
guishing @ and & of M. ovinus is the presence of external genitals
on the abdominal genital segments’ sterna. Nevertheless, because of
feeding on blood, the insects’ abdomen becomes of dark-brown,
almost black colour, and it is difficult to see through. As a result, it
is difficult to identify the peculiarities of the sex appendages struc-
ture to determine the sex of the insects during microscopic exami-
nation. That is why we suggested determining the distance from the
localization of the external genitals to the last abdominal segment,
which turned out to be in fact different in @ and &' (Table 3, Fig. 5).
Thus, the space, mentioned above, is considerably longer in males

+ 128.07+2.24 pm
3

We obtained new data concerning the dynamics of the M. ovinus
population at different stages of their development. The males and
females had the highest abundance within the population (11.1 and
8.9 specimens), the number of pupae and larvae was lower (4.2 and
0.5 specimens on one animal). Such dynamics can be explained by
the biological peculiarities of the parasite. It is known that longevity
of the males is shorter than that of the females, which is why the
males must be more numerous; because larvae turn into pupae on an
animal’s body very quickly, their number may be less (Lewis, 1997;
Bulman and Lamberti, 2001; Suarez et al., 2007; Olaechea, 2009).

The differential morphological signs of M. ovinus body structure
at different stages of their post-embryonic and adult stages of deve-
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than in females. The average length in males is 128.07 + 2.24 ym
(fluctuating from 104.4 to 161.9 um). The space from the caudal
segment of the copulatory apparatus to the rear of the last abdominal
segment in females is considerably less (3.2 times, P <0.001) and it is
40.14 £ 0.58 um, on the average (fluctuating from 33.1 to 48.5 pum).
So, using sexual dimorphism metrical indices of the adult forms of M.
ovinus males and females provides clear differentiation of the insects’
sex, and also enables us to prognosticate the rate of increase in the
population of the parasitic insects.

Table 3
Differential diagnostics of the signs
of M. ovinus imago sexual dimorphism, M £+ m, n= 50

The distance from the external genitals

M. ovinus to the last abdominal segment, pm

M=+m min max
) 128.07 £2.24%** 104.4 1619
? 40.14+0.58 33.1 48.5

Note: *** —P < 0.001 relative to § index.

Discussion

As a result of the conducted research, it was revealed that
M. ovinus 1is a specific species of parasitic insect, which is conside-
rably widespread on the territory of the Forest-Steppe and Steppe of
Ukraine, in particular, in Poltava and Zaporizhzhia regions. The infes-
tation prevalence among sheep reaches 26.1%, and the indices of
infection intensity and abundance were, on average, 92.72 + 1.41 and
24.7 specimens on one animal. According to the scientific sources,
M. ovinus has a wide range, it is adapted to various climatic conditi-
ons and is found in the regions where sheep are reared (Alvarez et al.,
2010; Escribano et al., 2012; Zangana et al., 2013; Abdullin, 2014;
Seyoum et al., 2015; Eshetu et al., 2017). In Ukraine, only scattered
reports have been devoted to the distribution of M. ovinus, for examp-
le information about its outbreak on a farm in Kharkiv region, where
goats and sheep are kept together. The prevalence of M. ovinus infes-
tation in the surveyed sheep was 65.4% while the infection intensity
was 118.4 & 12.7 specimens per animal (Byrka and Mazannyi, 2015).

40.14+0.58 pm
?

Fig. 5. Differential morphometric signs of M. ovinus sexual dimorphism (*40)

lopment, confirmed by metric characteristics, were identified with the
help of the conducted research. The body length and width of the
M. ovinus larvae obtained were 3.14 + 0.02 and 1.64 + 0.02 mm, on
average. At the same time, the length and width of the pupaes’ body
were respectively 17.4% (3.80 = 0.06 mm, P < 0.001) and 13.2%
(1.89 + 0.02 mm, P < 0.001) larger than those of larvae, which proves
their growth and development not only relative to the morphological,
but also to metric restructuring. New data were obtained concerning
the morphometric characteristics of the males’ and females’ body
structure, which are different and prove the peculiarities of the insects’
sexual dimorphism. The female body length turned out to be in fact
larger (by 12.6%, P < 0.001), than that of the males. The M. ovinus
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female head is longer and narrower than the male head, the thoracic
section is shorter and wider, and the abdomen is longer and wider,
which, in our opinion, is connected with the formation and develop-
ment of the larva in the sexual organs of the female, and this, in its
own turn, requires a certain ratio between the width and length of its
body sections. It was also found that the sizes of the female palpus
maxillaries and proboscis are in fact larger (by 3.6-11.4%, P <0.001)
than those of the males. In our opinion, this is connected with the
adaptation of the females to the ability for better feeding because of
the necessity of impregnating, feeding, and reproducing larvae.

It was found that the peculiarities of the differential, morphologi-
cal structure of this species of insect are the following: the absence of
wings, the ability to move in the wool, and also the form and localiza-
tion of ommatea, antennae, the structure of the proboscis. There are
separate reports, which confirm the research conducted by us concer-
ning the structure of the boring type mouthparts of M. ovinus, the
presence of denti on the proboscis, and also its adaptation to hemato-
phagy (Nelson and Petrunia, 1969). The peculiarities of the sensor
structure of the antennae of M. ovinus, which also have a specific
structure , were described (Zhang et al., 2015).

We were the first to suggest a method of differential diagnostics
for male and female M. ovinus, which is based on the metric determi-
ning of the space from the caudal part of the copulatory apparatus to
the rear of the insect’s last abdominal segment. This index is conside-
rably less in the females (3.2 times less, P < 0.001) compared to the
analogous index of the males.

Conclusion

The results of the survey of M. ovinus population indices show
that on the territory of the Forest-Steppe and Steppe of Ukraine the
insects parasitize 26.1% of sheep, with the infection intensity and
abundance of 92.72 + 1.41 and 24.7 specimens on a single animal.
Adult stage forms — males and females (44.8% and 36.2%). prevail
within the population of the given species. The adaptability to para-
sitizing animals is characterized by the peculiarities of the differential
morphological structure of this species; the main characteristics are
the form and localization of the ommatea, antennae, and also the
structure of the proboscis. As a matter of fact, determining the space
from the caudal part of the copulatory apparatus to the rear of the
insect’s last abdominal segment is one of the signs of M. ovinus
sexual dimorphism. The metric parameters of the post-embryonic
stages of M. ovinus development are characterized by increase in the
width and length of the pupae by 13.2-17.4% comparative to the
larvae sizes, and as far as adult stages are concerned, the male body is
larger than that of the female, and also there is reliable difference in
metrical indices concerning the length and width of the head, thoracic,
and abdominal sections, and also the length and width of palpus
maxillaries and proboscis.
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