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NEMATODES ARE WORM-LIKE ORGANISMS INHABITING POROUS SUBSTRATES
They move wave-like in WATER FILM, but on LATERAL body surface (in
horizontal plane)



What we know about the nematodes?

* - Biological model for the Developmental
Biology

e - Dangerous parasites of humans and
domestic animals



 Nematodes are the most popular
highest animals for the molecular
and genetics’ studies



e Goal and TASK:

 to demonstrate the Nematode Contribution to
DeadWood successions process



* GENERAL NEMATOLOGY:
e STRUCTURE AND EVOLUTION
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Main structural characteristics

Growth with a series of molts

Body surface isa covered by multi-layered cuticle,
epithelium submerged (hypoderma) assembled in chords

Mostly amphimictic, oviviviparous
Body cavity: no coelom, only shizocoel
No blood or respiratory systems

Muscles: only longitidinal, connection processus from
muscle cell to the nerve cord

Nerve cord: four cords and central neck ring with ganglia

Sensory structures are integrative amphids and groups of
head and genital papillae

Excretory system: canals in hypodermic chords; excretory
pore is supplied with excretory and secretory gland cells.



GENERAL ANATOMY

pseudocoelom
mouth nervering intestine (false coelom) cuticle

excretory pore ovary reproductive
© 1997 Wadsworth Publishing Company/ITP pore



« The body is highly Surface cuticle
flexible because of et
ANNULATED
SURFACE
CUTICLE,
facilitated by the
flexible LATERAL
CHORDS of
HYPODERMIS

From Bird & Bird, 1991

Lat. Cord

Support of undulation: body inner pressure ™2
2.5-3 atm + lateral chords; muscles only longitudinal
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Cell body Nucleus

Muscle arm
(protoplasmk;
s

11l Reverse connection:

The muscle cell sends its processus to nerve cord:

Nematode Adult Anatomy

https://www.slideshare.net/Fogellh/nematode-notes
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Ryss, 2002; 2013

Excretory Pore

The outlet of the canal system located in hypodermic
cords. It opens ventrally at the level of nerve ring and
mid-pharynx




Excretory system — inter-cellular secretory
and excretory space connections

Excretory pore
©WormAtlas



Excretory system — the duct cell and
excretory cell

Duct cell L _ g

) Excretory canal .
Excretory pore

from WormAtlas



Nervous system

clusters of nerve cells
(ganglia)
pharynx

dorsal nerve cord nerve comissures

between nerve cords
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nerve ring muscle
(central nervous system) ventral nerve cord bands

William R Schafer, https://www.researchgate.net/publication/309454437_Nematode_nervous_systems/



SENSORY STRUCTURES



amphid

Laxus septentrionalis Cobb, 1914
Ryss, 2013



i39.beon.ru/../Summer__by MellyBaldin.2013

AMPHIDS: paired sensory organs
combined feeling of chemical sense,
temperature and vibration, including
water film tension. They include
sensory cells, sheaths, glands and
framework structures

Analogies with human basic feelings
are demonstrated

Jean Fabre, Cultura Inquieta 2013



AMPHID, Ultrastructure

WormAtlas 2013: Caenorhabditis elegans
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Bulb (pump) in pharynx of stylet-
bearing nematodes: mycotrophic &
plant parasites
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Bulb (pump) facilitate a) the gland secretion output and b)
the following suction of dissolved host cell content

© Ryss, 2017



Trophic groups

Bacteriotrophic

Fungivores

Plant parasites

Predators

Parasites of animals (insects and vertebrates)

Different trophism = >> Different structure of
stomal!



Stoma of
BACTERIOTROPHIC
NEMATODE: :
funnel-like, with
biting cuticular lips
(photo)

Scale 10 um

© Ryss, 2017



BACTERIOTROPHIC, with tubular stoma
and a crone of sticky lip appendages

© Ryss, 2017



Fungivore nematode

Scale 10 um

Weak needle
(stylet) to penetrate
Mycelium surface

© Ryss, 2017



Fungivore : Paraphelenchus MALE

© Ryss, 2017



Fungivore: Laimaphelenchus. FEMALE
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© Ryss, 2017



Rotylenchus

te:

Plant paras

© Ryss, 2016



Ryss, 2003

PLANT-PARASITIC NEMATODE WITH STRONG STYLET

© Ryss, 2017



Anatonchus (biting stoma, predator)

CUS U R N R OB R A

© Ryss, 2017
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Nematodes are AMPHIMICTIC animals.

Male has hook-like tail with cuticular
copulatory SPICULES.

Females are usually longer than males.



Female

GENITAL SYSTEM

=

Oviduct

Pharynx Excretory

canal

anifeainl

Vulva
Ovary and oviduct

(wrapped around uterus)

.
spicules

©DaveCarlson
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DEVELOPMENT: first molt in egg shell

Bursaphelenchus crenati Ryss & Polyanina 2018 © Journal of Nematology



Four molts, five stages of development

Adult
, Female

Molt
J4 J4-Adult

J3D

Bursaphelenchus crenati Ryss & Polyanina 2018 © Journal of Nematology



eStress resistance:

edormant stages and
survival



SURVIVAL TYPES

e QUIESCENCE: (OLEMEHEHWE) — a response to rapid change of
environment, e.g. sudden freezing

 DIAPAUSE: obligatory (seasonal) dormancy stage in the
normal life cycle stimulated by the specific stimuli, e.g. a cyst
stage of cyst-forming nematode

e DAUER- areserve transmissive stage in ALTERNATIVE

GENERATION in a life-cycle as a response to specific stimuli
from a host



Time series micrograph of uncoiling nematode.

A reverse from coiling quiescence (A) to active moving stage (C)? “uncoiling response”

Quiescence is reversible! After watering nematodes wake up to active moving

Treonis A M, and Wall D H Integr. Comp. Biol. 2005;45:741-750

Integrative and

The Society for Integrative and Comparative Biology

Comparative Biology



DIAPAUSE in cyst forming potato nematodes (Globodera rostochiensis)
Cyst is the mature dead female with 150-200 eggs inside; each egg contain
an alive infective juvenile

Turner & Subbotin, 2013



Nematodes in Ecosystem



The position of
the free-living
nematodes in
the food web

(from E. Odum)
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Mycotrophic nematodes — a part of
multi-pathogens’ association

) Plant feeders
synergists (herbivores) Predators

of mixed infections GRAZING
FOOD
CHAIN
— Y
_‘L ~ detritus

& complementary
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consumers

feeding
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destructors of
dead organic matter:

Plants

Sun light
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1|

detritivorous insects, biqgens’ recycling
bacteria, fungi and via °°P"°Pha§ly
nematodes ("gardening”)

of detritivores

Odum, 1986: modified

Historically, nematodes, bacteria & fungi are partners in processes of bio-
utilization, i.e. they are actors of the DETRITUS FOOD CHAIN



Decomposition processes for dead
plants and animal cadavers are
different

* In plant decomposition the basic compound is
cellulose and similar chemicals ( the main
destructors are fungi!)

 For animal cadavers the basic compounds are
proteins (processed by bacteria).



e From the combined Molecular and
Morphotaxonomic Phylogram, the helminths
ancestors are taxa - colonizers of the dead
organic matter substrats :

* Fungivores for plant parasitic nematodes,
e Bacteriophages for the parasites of animals.



 Fungivores —are members of microbiotic
communities which decompose the dead
matter with the high content of celluloses
which are processed by fungi
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Plectus elongatus

Bacterivorous
nematode
from

basal Clade

© Ryss, 2019




Teratocephalus terrestris

Bacterivorous
nematode
from

basal Clade

© Ryss, 2019




Van Megen et al., 2009
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Fragments from Van Megen et al., 2009

Macro Clades 9 and 10
Advanced taxa: Parasites of Insects
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Advanced taxa: Parasites of Insects
69y Heterorhabiditis megidis 9 L pLL
Heterorhabiditis megidis 15
~ Heterorhabiditis megidis 1a -
Heterorhabditis zealandica 1G ‘/}
Heterorhabditis sp.1 .
Heterorhabditis hepialius G et
Heterorhabditis marelatus 1
Heterorhabditis bacteriophora 1G Frad
Heterorhabditis bacteriophora1  Heterorhabditidae
995 Heterorhabditis bacteriophora 2 55 ” (#)
-9l Heterorhabditis bacteriophora 3 100 (#) "
2.5] — (&)
— 6 .99
[ ]
]
Basal taxa: Bacterivorous nematodes
—_
96 Mesorhabditis sp.2 L
71 Mesorhabditis sp.iG  Mesorhabditidae "
1 Mesorhabditis sp.4 |
82 Mesorhabditis anisomorpha G :
98 Mesorhabditis longespiculosa 1G Y
100; Parasitorhabditis obtusa 1G 1_':0
Parasitorhabditis sp.G 'E
91 Mesorhabditis scanica G 'S
100y Teratorhabditis synpapillata G :E
Teratorhabditis ferrugineus 1G Y (=]
__85.5] Teratorhabditis palmarum G Masomabd’t’s M :§
Pelodera punctata G : ol
100 85 Pelodera strongyloides G =
100~ Pelodera teres G |m
Pelodera pseudoteres 1G :
Peloderidae |




PELODERA sp.
Basal taxon from
Nematoda
Clade-9 to
entomo-
pathogenic
Steinernematidae

© Ryss, 2019



4Towards Clade 12

63; Bursaphelenchus eggersi 1G
ﬁ Bursaphelenchus hildegardae 1G

Bursaphelenchus xylophilus 1G
Bursaphelenchus xylophilus 3G
Bursaphelenchus xylophilus 2G
Bursaphelenchus mucronatus 1
Bursaphelenchus mucronatus 3G
Bursaphelenchus mucronalus 4G
. Bursaphelenchus mucronatus 2G
Bursaphelenchus mucronatus 5G
62 5Bursaphelenchus mucronatus 1G
a maphuum hus mucronalus 6G
99, 5 aphelenchus fraudulentus 1G
Bl manmenrmx fraudulentus 2G
Bursaphelenchus doui 1G
Bursaphelenchus conicaudatus 1G
Bursaphelenchus sp.3G

Bursaphel s kevini 1G and / or
100; Bursaphelenchus seani 1G
100, Bursaphelenchus seani 2G e

Bursaphelenchus fungivorus 1G

Bursaphelenchus arthuri 1G

Bursaphelenchus willibaldi 1G

Bursaphelenchus thailandae 1G

Bursaphelenchus cocophilus 1G
lenchus sp.4G

=r Bursaphelenchus vallesianus 1G

83| Bursaphelenchus sexdentati 2G

Bursaphelenchus sexdentati 1G

Bursaphelenchus borealis 1G

Bursaphelenchus poligraphi 1G

Parasitaphelenchidae

(as defined by Siddiqi 1980)
Bursaphelenchus tusciae 1G
Bursaphelenchus yongensis 1G

Bursaphelenchus sp.1

Bursaphelenchus sp.2

Bursaphelenchus sp.1G

Bursaphelenchus hofmanni 1G

Bursaphelenchus pinasten 1G

Bursaphelenchus paracorneolus 1G

Bursaphelenchus hylobianus 1G

Bu saphelenchus sp.2G

Bursaphelenchus hellenicus 1G

Bursaphelenchus abietinus 1G s
Bursapheiench s rainuifi 1G :A 38telnih0|d|dae :
Bursaphele: s abruptus 1G  (subfamily Anomyctinae . -
xenurus 1 Seinuridae

Seinura sp.1 (as defined by Baranovskaya 1981)
Aphelenchoides fragariae 1
Aphelenchoides sp.3
Aphelenchoides sp.4
Aphelenchoides fragariae 3G
Aphelenchoides fragariae 2G
Aphelenchoides fragariae 1G
Aphelenchoides sp.5
80] Aphelenchoides sp.2
Aphelenchoides brasrcphihoms 1
Aphelenchoides sp.6
Aphelenchoides sp.1
Aphelenchoides saprophilus 1
Schistonchus aureus 1G

Aphelenchoididae 93.5 5553

(subfamily Aphelenchoidinae)

p

100

pe
71 Lamaphe/enchus penardi 2
100,

cf.
Aphelenchoides sp1G

| i s 16
65 Lalmaphelsnch us penardi 1G

nardi 1

1G
Aphelenchoides besseyi 1G
96 Panagrolaimus davidi G
Panagrolaimus sp.G
Panagrolaimus subelongatus 1
Panagrolaimus cf. rigidus 1

Halicephalobus gingivalis G

Turbatrix aceti G

Plectonchus sp.2
Plectonchus hunti G
Pana,

grobelus stammeri G

7| Panagrellus redivivus 2G
100 1 Panagmﬂaﬂmus paetzoldi 1
redivivus 1G
Baula.'dﬁa mirabilis 1G
Panagrolaimidae

5‘ Strongyloides sp.2G
Strongyloides sp.1G
Strongyloides sp.3G
Strongyloides robustus 2G
Strongyloides robustus 1G
Strongyloides fuefieborni 1G
Strongyloides cebus 1G
82 Sirongyloides stercoralis 1G
Strongyloides stercoralis 3G
Strongyloides procyonis 1G
Strongyloides ratti 2G

Strongyloididae

YTowards Clade 1-11 (without 10B)

95! Strongyloides ratti 1G
Rhabditophanes sp.1G Alloionematidae

Clade 10B}

Schistonchus centerae 1G
5p.2G

Panagrolaimomorpha

Cladoram from
Van Megen e.a., 2009

MacroClade 12,

basal Taxa are mycophages,
Advanced Taxa —

plant parasites combining
parasitic feeding on

fungal mycelium and

live plant cells of

dying woody

plants



Bursaphelenchus sexdentati 1G
Bursaphelenchus borealis 1G

20 Ij[h
o]
98" Bursaphelenchus poligraphi 1G

63 Bursaphelenchus eggersi 1G
Bursaphelenchus hildegardae 1G
Bursaphelenchus tusciae 1G

10 Bursaphelenchus yongensis 1G

63 Bursaphelenchus sp.1

g Bursaphelenchus sp.2
Bursaphelenchus sp.1G

Bursaphelenchus hofmanni 1G

97.5

64 96
J[E Bursaphelenchus abietinus 1G
78 Bursaphelenchus rainulfi 1G
—— Bursaphelenchus abruptus 1G
QBI Anomyctus xe

100

Bursaphelenchus pinasteri 1G
Bursaphelenchus paracorneolus 1G

Bursaphelenchus hylobianus 1G
Bursaphelenchus sp.2G

Aphelenchoididae
(subfamily Aphelenchoidinae)

Clade 12 from Van Megen et al., 2009
Splitting of clades of plant parasites and mycophages (look at icons)

Bursaphelenchus hellenicus 1G

Parasitaphelenchidae

(as defined by Siddigi 1980)

Aphelenchoididae

(su1bfamily Anomyctinae)
gggﬁra sp.1 (as defined by Baranovskaya 1981)

93.5

93

100 Aphelenchoides sp.6

58 Aphelenchoides sp.5
80} Aphelenchoides sp.2

Seinuridae

Aphelenchoides fragariae 1
Aphelenchoides sp.3

100] Aphelenchoides sp.4
Aphelenchoides fragariae 3G
Aphelenchoides fragariae 2G
Aphelenchoides fragariae 1G

63

Aphelenchoides blastophthorus 1

Aphelenchoides sp.1
Aphelenchoides saprophilus 1

100 Schistonchus aureus 1G
ﬂ‘—‘: Schistonchus centerae 1G
Aphelenchoides sp.2G

Aphelenchoides cf. bicaudatus




Basal clade taxon Panagrolaimus for
the wood-inhabiting decomposers

| 2w o o msy e B B [

© Ryss, 2017



LIFE CYCLES OF WOOD-DECOMPOSER NEMATODES WITH
INSECT VECTOR (BURSAPHELENCHUS)

BURSAPHELENCHUS
APHELENCHOIDES | |
J3 J4 \ J3 J4 L "
J2 J2 ./[

. . ) —juveniles
J Juve.znlles a @ 3? R R @ 3Q R\ - DAUERS =
R —resistant é é é é transmissive
ﬁDIAPAUSE) J3 J4 J3 J4 iuveniles
juveniles

Ryss, 2009 Life cycle without insect vector Life cycle with insect vectoring DAUERS (T)



Hosts in the Life cycle of wood- inhabiting nematodes

BURSAPHELENCHUS
- JJ —Juveniles;
11 Beetle Vector R —resistant
! Juveniles;
R 3. T -DAUERS
é J3 Ja - (= transmissive
\ ‘ juveniles).
" HOSt Tree J2 ./1 ‘4

R@ 39
éﬁ J4 é

Host Fungus 2 A Ly
® 39

Ryss, 2009



Dauer larvae of free living nematodes

 Both bacterivorous and mycofagous
nematodes have the juveniles of long term
diapause (“DAUER larvae”); as an adaptation
to the start stages of succession in the

detritus food web.



Dauers in the life cycle of wood
parasitic Bursaphelenchus

penetration during
the vector pupa-imago
transformation

Ryss, 2008



Why nematodes are so important in
the DeadWood succession?

e Detritus food chain — repeated cycling of the
dead matter through the intestine of the
detritivorous arthropod or annelid with
enrichment of bacterial and fungi
communities — nematodes help to infiltrate
the porous substrate with bacteria and fungi
acting as the “grower of the bacterial garden”
(“Mikrobiologische Gdértnerei”).



is ingested ré
in the cycle of
decomposition

Bark beetles in
decaying dead

Nematodes and
bacteria in
beetles’ faeces
In decaying
sapwood

© Ryss, 2019




Polygalacturonases /
Ralstonia /

Pectate lyases
Actinomycetales

Arabinanases /
Actinomycetales /

Expansins > \
Actinomycetales \

Endo-1,4-B-xylanases \
Firmicutes \

Cellulases Pectin

Bacteroidetes \

Hemicellulose

Cellulose
\\ 7/4‘

GLAND ENZYMES (cellulases, hemicellulases, lighinases of PLANT PARASITES
(Meloidogyne ) are controlled by

genes inherited from ancestral bacteria ( during LGT< lateral gene transfer)
(Whiteman, Gloss, 2010; Danchin et al., 2010; Vieira et al., 2011).

© Nature, 2010



Modern CLASSIFICATION: De Ley &
Blaxter, 2002 with later emendations

=<3 Eukaryota Moore, 1574 — 3yxapuoTsl (JomuHuoH)
(] Protista Haeckel, 1866 — NMpoTtuctel (4apcrso)
=4y Animalia — XusotHble (YapcTso)
#-{] Prometazoa — lMNpuMHUTMBHbIE MHOrOKNeTouHbIE (/T04UaPCTEO)
= 4‘3 Eumetazoa — Hacroswwue MHOroknetoussie (/704uspcrso)
#-{_] Diploblastica — Osycnoitrsie (O7zen)
=&y Triploblastica — Tpexcnoitsie (Orzen)
#-{] Spiralia — CnupancHeie (MMogoraen)
=<3 Ecdysozoa Aguinaldo et al., 1997 — 3k3ysuancHsie (nuHaowue) (Togotaen)
#-{] Arthropoda Latreille, 1829 — YneHucroHorue (Tun)
-] Onychophora Grube, 1853 — Onuxodopei (Tun)
#{] Tardigrada Doyére, 1840 — Tuxoxoaxu (Tun)
SR | Potts, 1932 — Kpyrnsle yepsu (Tun)
{1 Chromodorea Inglis, 1583 — Xpomaaopuu (Kaacc) mp
{1 Enoplea Inglis, 1983 — 3xonnuu (Kaacc) mp
{1 Incertae sedis 1 mp
#-{] Nematomorpha Vejdovsky, 1886 — Bonocatuxossie (Tin)
#-{] Cephalorhyncha Malakhov, 1980 — MonosoxoboTHeie wepsu (Tum)
# ] Lophophorata — Nododopossie (Mogoraen)

3

r

#-{] Chaetognatha — LleTurxouenocTHsie ([TogoTaen)
[+ {:l Deuterostomia — BropuuxopoTeie (Togoraen)

https://www.zin.ru/ZooDiv/animals



Modern CLASSIFICATION: De Ley &
Blaxter, 2002 with later emendations

= 1_;_3 Eukaryota Moore, 1574 — 3yxapuoTsl (JomMuHuoH)
#-{] Protista Haeckel, 1866 — MpoTtuctel (4apcrso)
=43 Animalia — Xueotrsie (YapcTso)
#-{] Prometazoa — MNpuMuTMBHbIE MHOrOKNeTouHbIE (/704UaPCTEO)
=<y Eumetazoa — HacToswwue MHOroknetounsie (/704uspcTs0)

#-{_] Diploblastica — Osycnoitrsie (Otzen) _

5-&3 Triploblastica — T £ | Chromodorea | Inglis, 1983 — Xpomaaopum (Kaacc)
#{] Spiralia — C =
iea s s =-<-§ Chromadoria Pearse, 1942 (Moaknacc)

=43y Ecdysozoa Agui
(] ArthropBWE™ #{] Rhabditida Chitwood, 1933 (O7psa)

#-{] Onychophora #-{] Plectida Malakhov, 1982 (Otpsa)
#-{ Tardigrada C #-{] Araeolaimida De Coninck et Schuurmans Stekhoven, 1933 (Orpsa)
=3 H #-{] Monhysterida Filipjev, 1929 (Orpsa)
{1 Chromodoi [ly= ) _
8 ‘Eaopies 11 #-{_] Desmodorida De Coninck, 1965 (Orpsa)
(] Incertae s #-{] Chromadorida Chitwood, 1933 (O7psa)
{1 Nematomorp #-{] Desmoscolecida Filipjev, 1929 (O7psaza)
{_] Cephalorhyncha Malakhov, 1580 — [0N0BOXODOTHEIE YepBu ( Tr)
Lophophorata — flododopoesie ([Togoraen)

Chaetognatha — LletuHxouenwocTHele (fTogoTaen)

DOD e

Deuterostomia — BropuusopoTtsie (Togoraen)

© ZIN RAS, 2019



Modern CLASSIFICATION: De Ley &
Blaxter, 2002 with later emendations

5-E3 Eukaryota Moore, 1974 — = =-£3 Chromodorea Inglis, 1583 — Xpomaaopuu (Knacc)

#-() Protista Haeckel, 1866 — =y Chromadoria Pearse, 1942 (Moaknacc)
£y Animalia — XusoTtHsie (1 =<y Rhabditida Chitwood, 1933 (O7psa)
®{] Prometazoa — Mpyu -y -] Rhabditina Chitwood, 1933 (/ogorpsaa)

563 E t —H
{3 Eumetazoa acron #-] Incertae sedis 1

#-{] Diploblastica — e
563 Triplobla sticaﬁ {1 Tylenchina Thome, 1945 (MoaoTpsa)
#{ ] Spiralia — Cnup {_] Myolaimina Inglis, 1983 (flogoTpsa)
=43 Ecdysozoa Agui #-{) Spirurina Stiles, 1907 (Moaotpsa)
EEH AN EHEOBOGA RS #-{] Incertae sedis 2
+-{ ] Onychophora —
th {S Tardigrada C =1+ | Plectida | Malakhov, 1582 (Ompsa)
=-€3 P #{) Leptolaimoidea Orley, 1880 (HaacemeiicTs0)
(] Chromodo #-{) Ceramonematoidea Cobb, 1933 (HaacemeiicTs0)
{1 Enoplea Ir #-{] Plectoidea Orley, 1880 (HaacemesicTso)

] Incertae s

&) Nemat #{]) Haliplectoidea Chitwood, 1951 (HaacemesicTso)
[# ematomorp
a

(] Araeolaimida De Coninck et Schuurmans Stekhoven, 1933 (Orpsa)

+

I+
L

Cephalorhync

# (] Lophophorata - {1 Monhysterida Filipjev, 1929 (O7psa)
#{] Chaetognatha - {1 Desmodorida De Coninck, 1965 (Orpsa)
Eh i D ewtekostopa #{] Chromadorida Chitwood, 1933 (Otpsa)

() Desmoscolecida Filipjev, 1929 (Orpsa)
© ZIN RAS, 2019



Nematode succession in wood destruction
stages (Betula, Ulmus, Fraxinus, Quercus)

Stage | wood tissue in Nematode dominants Leading trophic
N destruction groups

O healthy tissues Laimaphelenchus , Plectus algotrophic

1 Aphelenchoides, Anguinidae mycotrophls and
destruction in phloem NO Panagrolaimidae, Rhabditidae bacteriotrophic
Complete phloem
2 destruction expanded
to surface of softwood Scolytinae Bursaphelenchus, Spaerulariidae mycotrophic
Bursaphelenchus, Cryptaphelenchus,
3 Ektaphelenchus, Sychnotylenchus,
Xylem destruction ~ Cerambycidae parasitotylenchus mycotrophic
Complete browining
of wood with the
dissolving of
filamentous structure
but the structure is
4tough Woody and not
soft Nitidulidae Neotylenchidae mycotrophic
wood softening and
5 viscous gradually Monhysteridae, Quitsinematiidae, Predators and
transforming to soil NO Mononchidae, Rhabditida, Tardigrada bacteriotrophic



Nematode succession in wood
destruction stages (Betula, Ulmus,
Fraxinus, Quercus, Malus)

0 1 2 3 4 5]

0: healthy tissues

1: destruction in phloem (sapwood)

2: Complete phloem destruction expanded to surface of softwood, Scolytinae
involved

3: Xylem destruction, blue stain fungi, Cerambycidae involvement

4: Complete browining of wood with the dissolving of filaments, Nitidulidae
involved

5: wood softening to complete destruction

© Ryss, 2015



Entomo-Transmissive
Nematode-Fungal infection:
Hylastes ater
-Bursaphelenchus chitwoodi

Decomposition of
The dead old pines:
(Insect vector/Nematode/Fungus)

Ips sexdentatus , o
-Bursaphelenchus sylvestris - Leptographium truncatum
-Ophiostoma abietinum. Wilt of young

pine Wilt of 50-y.old pine forest:

© Ryss, 2017



Forest diseases caused by nematode
associations



Pine wilt caused by the nematode+Ophiostoma fungus

© Ryss, 2016
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Insertion
of dauers
J4D at
vector
oviposition

© Ryss, 2016
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Invasive species : Bursaphelenchus. xylophilus,
causative agent of the Pine Wilt Disease

© Ryss,Vieira,Mota, Kulinich 2008
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Area of Origin B.Xylophilus ‘
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Dutch Elm Disease in Saint Petersburg, Russia. City
Parks.

© K.S.Polyanina, 2018
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Dutch Elm Disease (DED). Symptoms: Red-Brown Rings of SapWood( Phloem)
© Ryss, 2016



Dutch elm disease of Ulmus spp.
in parks of St. Petersburg

Vectors = beetles:
Pathogen: fungus Scolytus scolytus
Ophiostoma novo-ulmi S. multistriatus




In DED association: as a pathogenj
Bursaphelenchus ulmop

-

Bursaphelenchus
Key character of the
Genus:

Sticky BURSA

at the end of male tail

© Ryss, 2015



Palm weevil
Rhynchophorus
palmarum

Palm nematode
Bursaphelenchus
cocophilus + fungus
Blastocysis sp.

SOCHI, Palms, Material from Elena Zhuravlyova,
Weevil Rhynchophorus ferrugeneus

Nematodes Aphelenchoides bicaudatus

and fungus Blastocysis sp.

21, b

© Ryss, 2016



