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Abstract

Ecological peculiarities in development of exogenous stages of Nematodirus nematodes
include some important aspects of their survival and distribution at different abiotic factors.
The aim of this work was laboratory study of some biological peculiarities of Nematodirus
spathiger exogenous stages (Railliet, 1896) taken from cattle and grown at different
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Keywords: temperatures (+20°C, 23°C, 26°C, 29°C and 32°C). The temperature was found
ng\f‘ae significantly affects the period of exogenous development of N. spathiger eggs, both until

L3 and on individual stages. Temperature also effects nematodes survival both eggs and
hatched L3. At 32°C, the survival rates of eggs and hatched L3 were the highest, with the
shortest period of development. At this temperature, L3 hatching was completed by day 10,
and their survival was 94.3%. As temperature decreased, the time of L3 exogenous
development prolonged, and survival rates were less: at 29°C — 12 days and 91.9%, at 26°C
— 18 days and 86.7%, at 23°C — 22 days and 80.0%, at 20°C — 30 days and 56.7%,
respectively. During the development of N. spathiger eggs, their length and shell thickness
decreased by 10.6 and 22.6%, respectively, and their width increased by 10.5%. In addition,
changes in morphometric parameters during L3 maturation were observed, length and
percent of filament to STE increased by 7.1 and 7.8%, and body width with and without
sheath, and STE length decreased by 40.4%, 37.9%, and 8.8%, respectively.
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Introduction Railliet & Henry, 1909 (9,10), N. filicollis (Rudolphi, 1802)
Ransom, 1907 (11) were identified and described. In
contrast, only a few studies reported nematodiruses in cattle.

Thus, in Canada, the nematodirosis infestation of cattle of

Nematodirus nematodes are one of the main components
of the widespread and practically significant trichostrongylid

fauna in digestive tract of domestic and wild herbivores (1-
3). Many of researchers study the fauna and distribution of
these nematodes in sheep where N. battus Crofton &
Thomas, 1951 (4-6), N. oiratianus Rajewskaja, 1929 (7), N.
abnormalis May, 1920 (8), N. spathiger (Railliet, 1896)
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different ages ranged from 0.7 to 40.0% (12,13). In the USA,
Nematodirus spp. eggs were found coproscopically in 18%
of examined calves (14). And in Afyonkarahisar province,
Turkey, Nematodirus spp. was revealed in 16.49% of
examined cattle (15).
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One of the factors of the wide distribution of these
nematodes is that their peculiarities of exogenous
development  significantly  different  from  other
trichostrongylids. The larvae (L1-L2-L3) of Nematodirus
spp. develop inside eggs and hatch as invasive larvae L3
resistant to adverse environmental factors (16). Despite the
lower fertility of Nematodirus species, as compared to other
trichostrongylids, with only 20-30 eggs per day (17), their
environmental resistance and survival is much higher
because after exogenous development from eggs L3 hatch as
larvae significantly resistant to abiotic factors (18).

Important, that development and survival of Nematodirus
eggs and larvae requires certain temperatures. The relevant
studies were made on parasites taken mainly from sheep. For
hatching L3 from N. filicollis eggs, they need to be cooled
below 10°C with maximum hatching near 4°C. The authors
note that in the field L3 N. filicollis takes more than one year
to hatch, and, probably, this may be an adaptive capacity
allowed early infection of susceptible hosts in competition
with N. battus, and their preservation in regions without
proper eggs cooling (19). At the same time, L3 hatch from
N. battus eggs all year round with autumn and spring peaks
(20). Other researchers state that sensitization at low
temperatures and subsequent incubation at higher
temperatures are necessary for hatching of L3 N. battus
similarly to N. filicollis (21,22).

Some reports told that L3 hatching from N. spathiger
eggs from sheep need no preliminary cooling. Larvae emerge
from eggs immediately after L3 formation (23). There was
also reported about N. spathiger egg and L3 development in
all seasons, although the period between laying eggs and
hatching in colder months was longer than that in summer
(24). More detailed studies of N. spathiger embryogenesis
showed that eggs development is completely inhibited at
0°C. Inhibition of egg development at morula stage was also
observed from 4 to 7°C and above 39°C with subsequent
redevelopment at temperatures from 10 to 39°C. L3 hatching
normally is from 21 to 36°C with the optimum 33°C giving
the largest number of invasive larvae. The authors revealed
that cooling of N. spathiger eggs to 0°C before culturing at
36°C has positive effect on subsequent development and
survival of eggs and larvae with higher percentage of L3
hatching (25).

The aim of this work was laboratory examination at
different temperatures of biological peculiarities of
development on exogenous stages Nematodirus spathiger
(Railliet, 1896) Railliet and Henry, 1909 taken from cattle.

Materials and methods

Ethical approval

This study was conducted with the approval of Research
Ethic Committee of the Poltava State Agrarian University,
under protocol number /7/9/23.
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Sample collection

Experimental studies were made during 2023-2025 in
the Laboratory of Parasitology of the Poltava State Agrarian
University (Ukraine). N. spathiger nematodes were collected
in the course of complete helminthological dissection of
cattle small intestines. Nematodes were identified to species
by their morphometric parameters with keys (26,27). In
laboratory, eggs were obtained from N. spathiger female
gonads and washed into Petri dishes (not less than 70
specimens). Each egg culture (N. spathiger eggs in 0.9%
NaCl solution) was cultivated at five different temperatures:
20°C, 23°C, 26°C, 29°C and 32°C until the formation and
hatching of L3. Every 2 days, in experimental test cultures
morphological changes in eggs, larvae, and their
developmental stage were observed. The number and
percentage of eggs on each developmental stage, number of
L3 after hatching were counted, as well as mortality of eggs
and L3. In experiment, N. spathiger eggs were cultivated in
three replicates.

Microscopic examination and morphometric study

Morphometric parameters of N. spathiger eggs (length,
width, shell thickness) and L3 (Figure 1) during their growth
and development were counted using ToupView program
version x 64, 4.10.17015.20200426 (Hangzhou ToupTek
Photonics Co., Ltd, China). Microphotographs were made
using SIGETA M3CMOS 14000 14.0 MP digital camera
(China).

Figure 1: Metric parameters of L3 Nematodirus spathiger
during cultivation: 1 — total length of sheath; 2 — length of
larval body without sheath; 3 — maximum body width with
sheath; 4 — maximum body width without sheath; 5 — length
of larval esophagus; 6 — length of sheath tail extension
(STE); 7 — length of filament.

Statistical analysis

Standard deviation (SD) and average values (M) were
calculated. Significance of difference between average
values in N. spathiger eggs studied and between L3 was
established using one-way analysis of variance and F-test for
95% confidence level (28).

Results

During N. spathiger eggs cultivation regardless of
temperature, the following developmental stages were
identified according to morphological features: 1 blastomere
formation (Figure 2a), 2 blastomeres formation (Figure 2b),
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4 blastomeres formation (Figure 2c), 8 and more blastomeres The duration of N. spathiger eggs development and L3
formation (Figure 2d), formation of morula (Figure 2e), hatching and their survival at different temperatures varied
formed morula (Figure 2f), formation of L1 (Figure 2g), significantly. At 20°C, the largest number of hatched L3 was
formed L1 (Figure 2h), formation of L2 (Figure 2i), formed on day 30 when 56.7% of viable L3 were seen (Table 1,
L2 (Figure 2j), formed L3 inside egg (Figure 2k), L3 after Figure 3).

hatching (Figure 2I), and invasive L3 with well-formed
intestinal cells (Figure 2m).

50um

100pm 200um

Figure 2: Exogenous stages of Nematodirus spathiger development: 1 blastomere formation (a); 2 blastomeres formation (b); 4
blastomeres formation (c); 8 and more blastomeres formation (d); morula formation (e); formed morula (f), L1 formation (g);
formed L1 (h); L2 formation (i); formed L2 (j); formed L3 inside egg (k); L3 after hatching (I); invasive L3 with formed intestinal
cells (m).
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Table 1: Developmental points of Nematodirus spathiger eggs cultivated at 20°C (n=70, M = SD)

Stage of development, individuals
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0 6.0+ 277+ 237+ 127+ 00+ 00+ 00+ 00+ 00+ 00x 00+ 00+ 0.0x 00z
3.0 14.2 114 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
5 00+ 90+ 113+ 167+ 267 63+ 00+ 00+ 00x 00x 00+ 00+ 0.0x 00z
0.0 4.0 45 2.1 5.0 3.1 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
4 00+ 00z 00+ 93+ 327+ 207+ 73+ 00x 00+ 00x 00+ 00+ 00%x 0.0%
0.0 0.0 0.0 4.0 2.5 6.0 2.5 0.0 0.0 0.0 0.0 0.0 00 0.0
6 00+ 00z 00+ 00+ 157+ 110+ 113+ 87+ 53+ 00+ 00+ 0.0+ 18.0% 0.0%
0.0 0.0 0.0 0.0 2.1 3.6 2.1 15 35 0.0 0.0 0.0 26 0.0
8 00+ 00z 00+ 00+ 37+ 090+ 140%x 120z 100+ 00x 00+ 0.0% 213z 0.0z%
0.0 0.0 0.0 0.0 2.5 2.6 4.0 2.6 5.6 0.0 0.0 0.0 15 0.0
10 00+ 00z 00+ 00+ 00+ 00+ 70x 190x 180+ 47+ 00+ 0.0x 213z 0.0z%
0.0 0.0 0.0 0.0 0.0 0.0 2.6 2.0 2.0 2.5 0.0 0.0 15 0.0
12 00+ 00z 00+ 00+ 00+ 00+ 20x 123x 207+ 137+ 00+ 0.0+ 213z 0.0z%
0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.5 35 15 0.0 0.0 15 0.0
14 00+ 00z 00+ 00+ 00+ 00+ 00x 77x 143+ 207+ 6.0+ 0.0x 213z 0.0z%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 2.1 15 3.0 0.0 15 0.0
16 00+ 00z 00+ 00+ 00+ 00+ 00x 43+ 70+ 190+ 183+ 0.0+ 21.3%x 0.0%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 2.0 3.0 2.1 0.0 15 0.0
18 00+ 00z 00+ 00+ 00+ 00+ 00x 20+ 60 163+ 243+ 0.0+ 21.3% 0.0%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 2.1 15 0.0 15 0.0
20 00+ 00z 00+ 00+ 00+ 00+ 00x 00 40+ 100+ 347+ 0.0+ 213% 0.0%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 1.2 0.0 15 0.0
29 00+ 00z 00+ 00+ 00+ 00+ 00x 00x 13+ 80+ 290+ 47+ 213+ 57+%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1.0 3.0 3.1 15 31
24 00+ 00z 00+ 00+ 00+ 00+ 00x 00x 00+ 50+ 220+ 133+ 21.3% 83+%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 35 15 15
26 00+ 00z 00+ 00+ 00+ 00+ 00x 00z 00x 23+ 100+ 273+ 213+ 9.0%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 2.0 1.2 15 1.0
o8 00+ 00z 00+ 00+ 00+ 00+ 00+ 00x 00x 00x 23+ 373+ 213+ 9.0%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 2.1 15 1.0
30 00+ 00z 00+ 00+ 00+ 00+ 00x 00z 00x 00+ 00+ 397+ 213%x 9.0z
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 15 1.0

Eggs with 1 blastomere were seen before cultivation only
in 8.6%. Stage of 2 blastomeres was seen up to day 2 in
quantity from 39.5 to 12.9%. Stages of 4 blastomeres and 8
and more blastomeres were 16.2-33.8% and 13.3-18.1%,
respectively, during 2 and 4 days of cultivation. Morula
formation and formed morula were 38.1-5.2% and 9.0-
15.7%, respectively, during 2—-6 and 2-8 days. L1 formation
and formed L1 were 2.9-16.2% and 2.9-27.1%,
respectively, during 4-12 and 6-18 days of cultivation. L2
formation and formed L2 were 1.9-29.5% and 3.3-29.5%,
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respectively, during 6-22 and 10-26 days of cultivation. L3
formation inside eggs was observed from day 14 in 8.6%
with the maximum on day 20 (49.5%), however on day 28
they were only in 3.3%. L3 hatching began from day 22
(6.7%) and their number gradually increased until day 30. N.
spathiger eggs mortality was 30.5%, post-hatching L3
mortality 12.9%.

At 23°C, the number of hatched and viable L3 increased
to 80.0%, their hatching time reduced to 22 days (Table 2,
Figure 4).
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Figure 3: The ratio of Nematodirus spathiger exogenous Figure 4: The ratio of Nematodirus spathiger exogenous
stages during cultivation at 20°C (%): notes see in Figure 2. stages cultivated at 23°C (%): notes see in Figure 2.

Table 2: Developmental points of Nematodirus spathiger eggs cultivated at 23°C (n=70, M £ SD)

Stage of development, individuals
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5 00+ 00+ 90+ 120+ 307+ 183+ 0.0+ 00+ 00+ 00+ 00+ 00+ 0.0% 00z
0.0 0.0 4.0 1.0 2.1 2.1 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
4 00+ 00+ 00+ 80+ 150+ 187+ 133+ 87+ 00+ 00+ 00+ 00+ 6.3% 00z
0.0 0.0 0.0 3.6 3.6 4.7 2.5 3.5 0.0 0.0 0.0 0.0 15 0.0
6 00+ 00+ 00+ 00+ 97+ 110+ 83+ 267+ 57+ 00+ 00+ 00%x 87+ 00z
0.0 0.0 0.0 0.0 3.5 2.0 1.5 6.1 3.5 0.0 0.0 0.0 15 0.0
8 00+ 00+ 00+ 00+ 00+ 47+ 57+ 183+ 180+ 93+ 47+ 00%x 93+ 00z
0.0 0.0 0.0 0.0 0.0 2.5 1.5 1.2 3.6 1.5 3.1 0.0 21 00
10 00+ 00+ 00+ 00+ 00+ 00+ 00% 190+ 147+ 193+ 177+ 0.0% 93+ 00z
0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 15 1.5 3.1 0.0 21 00
12 00+ 00+ 00+ 00+ 00+ 00+ 00+ 90+ 80x 157+ 273+ 53+ 93+ 43z
0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 2.0 15 2.1 1.5 21 15
14 00+ 00+ 00+ 00+ 00+ 00+ 00+ 00+ 30 123+ 283+ 123+ 93+ 47+
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.5 4.2 2.5 21 1.2
16 00+ 00+ 00+ 00z 00+ 00+ 00+ 00+ 00+ 83+ 183+ 293+ 93% 4.7%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 2.5 1.5 21 1.2
18 00+ 00+ 00+ 00z 00+ 00+ 00+ 00+ 00+ 33+ 120+ 407+ 93% 4.7%
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Stages of 1 and 2 blastomeres were seen before respectively, during 2 and 3 days of cultivation. Morula
cultivation only, at the starting point their number was 15.2 formation and formed morula were 13.8-43.8% and 6.7—
and 47.6%, respectively. Stages of 4 blastomeres and 8 and 26.7%, respectively, during 2-6 and 2-8 days. L1 formation
more blastomeres were 12.9-17.6% and 11.4-19.5%, and formed L1 were 8.1-19.1% and 12.4-38.1%,
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respectively, during 4-8 and 4-10 days of cultivation. L2
formation and formed L2 were 4.3-25.7% and 4.8-27.6%,
respectively, during 6-14 and 8-18 days of cultivation. L3
formation inside eggs was observed from day 8 in 6.7% with
the maximum on day 14 — 40.5%. On day 20, they were in
6.2% only. L3 hatching began from day 12 (7.6%) and their

number gradually increased until day 22. N. spathiger egg
mortality was 13.3%, post-hatching L3 mortality 6.7%.

At 26°C, the number of hatched and viable L3 increased
up to 86.7%, their hatching time reduced to 18 days (Table
3, Figure 5).

Table 3: Developmental points of Nematodirus spathiger eggs cultivated at 26°C (n=70, M £ SD)

Stage of development, individuals
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0 cultivation only, at the starting point their number was
% 10.0%, 17.1% and 34.3%, respectively. Stage of 8 and more
70 blastomeres was 10.5-38.6% during the first 2 days of
60 cultivation. Morula formation and formed morula were 11.9—
50 27.6% and 12.9-47.6%, respectively, during 2-6 days of
40 cultivation. L1 formation and formed L1 were 10.5-41.0%
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Figure 5: The ratio of Nematodirus spathiger exogenous
stages cultivated at 26°C (%): notes see in Figure 2.
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16, they were in 16.2%. L3 hatching began from day 10
(12.9%) and their number increased until day 18. N.
spathiger eggs mortality was 8.1%, post-hatching L3
mortality 5.2%.
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At 29°C, a greater number of N. spathiger embryonic and
postembryonic stages survived with the shortened time of

their development. The number of hatched L3 was 91.9% in
12 days (Table 4, Figure 6).

Table 4: Developmental points of Nematodirus spathiger eggs cultivated at 29°C (n=70, M £ SD)

Stage of development, individuals
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12 00+ 00+ 00z 00+ 00+ 00+ 00+ 00+ 00+ 00%x 00+ 643+ 40 1.7%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 1.0 0.6
eggs was observed since day 6 when their number was
100 17.6%. The maximum number was reached on day 8 —
. 71.0%. On day 10, their number decreased till 30.0%. L3
20 hatching began on day 8 (12.9%) and their number increased
50 during the cultivation until day 12. N. spathiger eggs
50 mortality was 5.7%, L3 post-hatching mortality 2.4%.
10 At 32°C, the largest number of N. spathiger hatched L3
30 was 94.3% in the shortest period of time — 10 days (Table 5,
20 Figure 7).
10
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Figure 6: The ratio of Nematodirus spathiger exogenous
stages cultivated at 29°C (%): notes see in Figure 2.

Stages 1, 2 and 4 blastomeres were seen before
cultivation, their number was 10.0%, 17.1% and 34.3%,
respectively. Stage of 8 and more blastomeres was 10.5-
38.6% during the first 2 days of cultivation. The stages of
morula formation and formed morula were 27.6% and 4.8—
47.6%, respectively, during 2 and 2—-4 days. L1 formation
and formed L1 were 14.3-26.7% and 10.5-30.5%,
respectively, during 2-4 and 4-6 days of cultivation. L2
formation and formed L2 were 25.2-34.3% and 8.1-41.0%,
respectively, during 4-6 and 6-8 days. L3 formation inside
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Figure 7: The ratio of Nematodirus spathiger exogenous
stages cultivated at 32°C (%): notes see in Figure 2.
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Table 5: Developmental points of Nematodirus spathiger eggs cultivated at 32°C (n=70, M * SD)

Stage of development, individuals

- .
- [=) £ 2
3 S § § o8 c c — c Q\ = —g ) c:)'
» £ 2 g 93 235 g= So4 = S = 2 £ 2 -
5 S S S EE B85 €2 EBd 3 B4 3 cE 2 - %5
> 8 2 g B2 EE 52 Ev E Es E Sc 3 =
A = = = S8 S% ¥ S S £ S a 5 2 5
— IV < © o ™ 8 @)
-
o B87% 133f 253% 227+ 00 00+ 00 00+ 00% 00x 00+ 00 00 00
35 31 3.1 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00
, 00+ 00+ 00+ 63+ 143+ 333+ 137+ 00+ 00+ 00 00% 00% 30% 00
00 00 0.0 4.0 35 103 57 0.0 0.0 0.0 0.0 00 1.0 00
4, 00%f 00 00+ 00+ 00+ 00+ 53+ 137+ 247+ 223 00% 00% 40% 00
00 00 0.0 0.0 0.0 0.0 3.1 1.5 4.6 3.1 0.0 00 1.0 00
g 00+ 00 00+ 00 00+ 00+ 00+ 00x 43+ 157+ 357+ 103+ 40% 00+
00 00 0.0 0.0 0.0 0.0 0.0 0.0 2.1 25 25 21 1.0 00
g 00+ 00 00+ 00 00+ 00+ 00+ 00+ 00+ 00+ 147+ 513+ 40% 00
00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25 15 1.0 00
10 00+ 00+ 00+ 00+ 00+ 00+ 00 00+ 00+ 00+ 00+ 660+ 40+ 00z
00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10 1.0 00

Stages of 1, 2 and 4 blastomeres were also seen before
cultivation only with their number 12.4%, 19.0% and 36.2%,
respectively. Stage of 8 and more blastomeres was 9.0—
32.4% during the first 2 days of cultivation. The stages of
morula formation and formed morula were 47.6% and 7.6—
19.5%, respectively, during 2 and 2—4 days. L1 formation
and formed L1 were 7.6-19.5% and 19.5%, respectively,
during 2-4 and 4 days. L2 formation and formed L2 were
6.2-35.2% and 22.4-31.9%, respectively, during 4-6 days of
cultivation. L3 formation inside eggs was observed since day

6 when their number was maximal (51.0%). On day 8 their
number decreased till 21.0%. L3 hatching began from day 6
(14.8%) and their number increased during the cultivation
until day 10. N. spathiger eggs mortality was 5.7%. L3 post-
hatching mortality was not revealed, all larvae remained
viable.

The average metric parameters of immature N. spathiger
eggs: length —209.2 um, width — 90.2 pum, shell thickness —
3.1 um (Table 6).

Table 6: Metric parameters of Nematodirus spathiger eggs (own and literature data)

Parameters, pm

Author Egg length Egg width Eggshell thickness
Mean Range Mean Range Mean Range

Present specimens, n=50 209.2 176.3-244.9 90.2 82.7-95.9 3.1 25-3.6
Railliet et al., 1912 (29) - 200 — 260 - 100 - 110 - -
May, 1920 (30) - 150 — 220 - 80110 - -
Shore, 1939 (31) 202.0 181 —-230 98.3 91 - 107 - 3.3-338
Tetley, 1935 (32) - 180 - 210 - 90 - 105 - -
Tetley, 1941 (33) 195.0 179 - 210 97.0 88 - 110 - -
Skrjabin et al., 1954 (26) - 221 -238 - 119 - 136 - -
Kates & Turner, 1955 (34) 200.0 - 98.0 - - -
Thomas, 1957 (35) - 183 -214 - 87 -99 - -
Soulshy, 1968 (36) - 175 - 260 - 106 - 110 - -
Viljeon, 1972 (25) 218.0 173 -238 103.0 97 - 119 - -
Lichtenfels & Pillit, 1983 (37) - 172 - 217 - 95-114 - -
Ivashkin et al., 1981 (27) - 221 - 238 - 119-136 - -
Melnychuk et al., 2021 (9) 202.2 187.3 -218.8 112.0 103.9 - 116.8 2.38 2.14 - 2.66

Note: “~— parameters were not defined.
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In the literature, there are some differences in metric
parameters of N. spathiger eggs: the average egg length
ranged from 195 to 218 um, width - from 97 to 112.0 pm.
The minimum and maximum values of shell thickness were
from 2.14 to 3.6 um.

We also found that during cultivation the size of
nematodirus eggs changes (P < 0.001). As compared to
similar data for egg cleavage and blastomeres formation,
shell length and thickness of eggs with L3 inside appeared to

be 10.6% less (Figure 8a) and 22.6% less (Figure 8c) while
eggs width was 10.5% more (Figure 8b).

Eight metric parameters of N. spathiger invasive L3
were established as average values: total length of sheath —
1028.8 pum; length of larval body without sheath — 722.7 um;
maximum body width with sheath — 24.9 pm; length of
sheath tail extension — 19.8 um; length of esophagus — 181.3
pm; length of STE—- 312.3 pm; length of filament — 220.9
pm; percent of filament to STE — 70.8% (Table 7).
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a 16| D c
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Figure 8: Metric parameters of Nematodirus spathiger eggs during cultivation at 32°C (um): length (a); width (b), shell
thickness (c); egg cleavage and blastomeres formation (A); L3 formation (B); *** — P < 0.001 — relative to data for egg

cleavage and blastomeres formation (n=50).

Table 7: Metric parameters of L3 Nematodirus spathiger (own and published data)

— %) ~ : g ™ N
o5 RY S N D T >0 I
25 — 0 - 298 — sSNGg -
Parameters, mkm s 23 = S 5o el — o £~==% =&
(Mean, Range) £3od £< EzS 21 g$< 2328 s~
=3 5 azg Fa 3 ) S
= < > § = (CDU

1028.8 1158 1009 1018 1075
Total length of sheath 931.9 - 1093.7 11191117 922 — 1118 976 — 1130 969 — 1282 1020
Length of larval body 722.7 151
without sheath 632.5—845.1 B B 723 -810 B B
Maximum body width 24.9 B B a a 3 o5
with sheath 20.2-29.6
Maximum body width 19.8
without sheath 17.6-22.9 B B B B B B
Length of larval esophagus 181.3 235 195 204 188 -

146.4 — 219.3 227-235 160-225 192-224 103-235
Length of STE 312.3 340 328 332 333 270
2422 -362.7 325-340 315-350 310-390 270-416 267 —309
. 220.9
Length of filament 189.8 — 250.7 - - - - - -
% of filament to STE 708 - - - - 60 -
66.0 - 78.8

Note: “~— parameters were not defined.
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In the literature available, there are from 2 to 6
parameters of L3 N. spathiger, including the average total
length of sheath (1009-1158 pm), length of larval body
without sheath — 151 pm, maximum body width with sheath
— 25 um, length of esophagus —188-235 um, length of STE —
248-340 pm, percent of filament to the STE — 60%.

We also found that during maturation metric parameters
of hatched L3 change. Particularly, invasive L3 length

1250

900

without sheath increases by 7.1% (722.7+£54.8 um, P < 0.05)
(Figure 9b), maximum body width with sheath reduces by
37.9% (24.9+2.8 pm, P < 0.001) (Figure 9¢) and maximum
body width without sheath by 40.4% (19.8£1.6 um, P <
0.001) (Figure 9d), length of STE decreases by 8.8%
(312.3+£27.5 um, P < 0.05) (Figure 9f), percent of filament to
STE increases by 7.8% (70.8+4.0%, P < 0.001) (Figure 9h).
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Figure 9: Metrics parameters of L3 Nematodirus spathiger: total length of sheath (a); length of larval body without sheath (b);
maximum body width with sheath (c); maximum body width without sheath (d); length of larval esophagus (e); length of STE
(f); percent of filament to STE (h); hatching stage (A); invasive stage (B); * — P < 0.05, *** — P < 0.001 — relative to data for

hatching stage (n=15).
Discussion

Most studies demonstrated that nematodes of genus
Nematodirus are widespread in ruminants with rather high
infestation rate (2,42). One of the factors facilitating the
survival of strongylids in digestive tract is the peculiarities
of their biology especially on exogenous stages of their
development. Moreover, unlike other strongylids, in
Nematodirus nematodes larvae develop inside eggs and
hatch into external environment as L3 (32,39). Therefore, for

244

the first time in Ukraine, we study in laboratory the effect of
temperature on period of development and survival of eggs
in N. spathiger nematodes taken from cattle, as well as
morphometric parameters of eggs and L3 during their growth
and development.

Our results showed that during exogenous development
of N. spathiger, a sequence of stages occurs. According to
morphological characteristics we identified the following
ones: 1, 2, 4, 8 and more blastomeres, formation of morula,
morula, formation of L1, L1, formation of L2, L2, L3 inside
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egg; L3 after hatching; invasive L3 with formed intestinal
cells. Similar data were in other authors who determined
such stages as: egg with 1, 4, 8 blastomeres, transition
between blastomeres and morula, morula, tadpole stage
(early first stage larvae), L1, transition between first and
second stages, L2, L3 inside egg (25). There is a report where
development of Nematodirus spp. consists of egg cells
cleavage, egg cells begin to fuse, embryo entering the
tadpole stage, L1 larva forming, L1 larva developing, L2
larva forming, L2 larva developing, the larva gradually
developing into L3 larva, the larva hatching into mature L3
larva (7). At the same time, other authors note the following
stages in the development of Nematodirus helvetianus May,
1920: 8 cells, 32 to 64 cells, morula, blastula and gastrula,
tadpole, first-stage larva, first-stage larva in lethargus,
second-stage larva, second-stage larva in lethargus, third-
stage larva, hatching commences. Moreover, for the first
time we found two stages of L3: L3 after hatching without
formed intestinal cells and invasive L3 with formed
intestinal cells.

As temperature increased, the period of egg development
and L3 hatching in N. spathiger reduced, and their survival
increases. The most optimal temperature was 32°C when
development is rather quick: L3 hatch by day 10 at the
highest number, 94.3%. As temperature decreased,
development of N. spathiger exogenous stages becomes
longer and the survival rate of both eggs and hatched L3 is
lower. At temperature 29°C, L3 hatching finished by day 12
and their survival is 91.9%. At 26°C, 86.7% of L3 hatch in
18 days. At 23°C and 20°C, L3 hatch in 22 and 30 days, and
their survival decreased to 80.0 and 56.7%, respectively.

Minor differences were found in works of researchers
who observed the highest percentage of hatching L3 N.
spathiger from sheep at temperatures from 27°C to 33°C.
Moreover, at 33°C, the time to hatching of larvae was 8 days,
so the authors concluded that this temperature is optimal for
development and hatching of larvae, because in 21 days,
93% of viable larvae can hatch (25). Other authors cultivated
N. spathiger eggs isolated from antelopes at 27°C and
observed L3 hatching in 14 days (3). In N. helvetianus
nematodes, at optimal temperature is 28°- 29°C, L3 can
hatch after 8-10 days of cultivation (43). Such differences,
in our opinion, may be due to specific developmental
features depending on the species of Nematodirus, and host
species of pathogen.

We compared our own data of the metric parameters of
eggs and L3 with the data of other authors. We found that
length of N. spathiger eggs at the blastomere cleavage stage
ranged from 176.3 to 244.9 3.1 um, width from 82.7 to 95.9
um, and shell thickness from 2.5 to 3.6 pm. Other authors
reported data where the egg length was from 150 to 260 um,
width from 80.0 to 136.0 um, and shell thickness from 2.14
to 3.8 um (Table 6). We think such discrepancies are due to
measuring eggs at different stages of their development. This
is confirmed by the results of our studies where in eggs at the
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stage of L3 formation the length and shell thickness are
smaller by 10.6 and 22.6%, respectively (P < 0.001), and the
width is larger by 10.5% (P < 0.001) as compared to similar
parameters in eggs at the stage of cleavage and blastomere
formation.

We determined 8 metric parameters of invasive L3 N.
spathiger characterizing the total length of sheath, length of
larval body without sheath, maximum body width with and
without sheath, length of esophagus, length of STE — 312.3
um, percent of filament length to STE. Other researchers
determined from 2 to 6 parameters in L3 N. spathiger
characterized the total length of sheath, length of larval body
without sheath, maximum body width with sheath, the length
of esophagus, the length of STE and percent of filament to
STE (Table 7). Our data are a little different than the data of
other authors that is also due to maturation of L3 after
hatching. We established morphometric changes in L3
during their growth and development. Morphologically,
invasive L3 contain well-formed intestinal cells, and
metrically, their length of filament and its percent to STE are
larger by 7.1% and 7.8%, respectively, and maximum body
width with sheath and without sheath and also STE length
are smaller by 37.9%, 40.4% and 8.8%, respectively, as
compared to similar parameters in L3 immediately after
hatching. The fluctuations in morphometric parameters of
eggs and L3 N. spathiger identified can be considered while
identification of these nematodes.

Conclusion

Exogenous development of Nematodirus spathiger
nematodes in laboratory is characterized by the development
of L1, L2 and L3 inside eggs, and the periods of development
of those stages, hatching and viability of L3 depend on
temperature regimen. While temperature increased from
20°C to 32°C, the time of egg development reduced, and the
number of hatched L3 increases. At a temperature 32°C
hatching begins on the 6th day and on the 8th day the largest
number of viable L3 hatches — 94.3%. And at 20°C hatching
begins on the 22nd day and on the 30th day the smallest
number of viable L3 hatches — 56.7%. It was determined that
the morphometric parameters of eggs and L3 of N. spathiger
change during their growth and development. In eggs, the
length (by 10.6%) and shell thickness (by 22.6%) gradually
decrease, and the width (by 10.5%) increases. In invasive L3,
the length without sheath (by 7.1%) and percent of filament
to STE (by 7.8%) increase, body width with sheath reduces
(by 37.9%), and maximum width without sheath (by 40.4%),
and length of STE reduces (by 8.8%).
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