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Summary. Numerical analysis of relations between the predator Mesodorylaimus bastiani and prey nematodes
belonging to five trophic groups viz., bacteriophagous, endoparasitic, ectoparasitic-epidermal feeders, ectoparasi-
tic-cortical feeders and predaceous nematodes was made. Predators were most successful on endo-parasitic ne-
matodes. Predaceous nematodes as prey exhibited high degree of resistance against predation by M. bastiani.
Only 11% attacks resulted in wounding out of 31% encounters that resulted in attacks. Physical characteristics
viz., thick body cuticle, body annulations, thick longitudinal cuticular folds are hypothesised as the cause of
100% resistance of Hoplolaimus indicus, Hemicriconemoides mangiferae, Hemicycliophora dbivenderi and Dory-
laimus stagnalis. Mononchoides fortidens, M. longicaudatus and Mylonchulus minor also appeared to have resi-
sted predation by their cuticular characteristics and behavioural patterns. Low strike rate of M. bastiani and less
feeding after wounding on Helicotylenchus indicus has been attributed to repulsive/unattractive prey secretions
(chemical resistance). Feeding time required to consume an individual depended upon the size of the prey,
maximum being on Paralongidorus citri and minimum on Cepbalobus sp. The body cuticle, cuticle texture, qua-
lity, quantity and chemical composition of prey contents also influenced feeding by predators on different prey.

Studies have been made on predation by dif-
ferent groups of nematodes (Esser, 1963; 1987,
Bilgrami, 1990) but, with the exception of Bil-
grami and Jairajpuri (1989), ways of quantifying
predation have not been identified. Bilgrami
and Jairajpuri (1989) proposed mathematical
models to measure and quantify the strike rate
of the predators Mononchoides longicaudatus
and M. fortidens and the degree of resistance
and susceptibility of different prey nematodes.
Earlier observations by Grootaert et al. (1977)
on Butlerius sp. and later by Small and Groo-
taert (1983) on Mononchus aquaticus, Labrone-
ma vulvapapillatum and Butlerius degrisse pro-
vided some significant information in this re-
gard. However, there is still a need to analyse
predatory relations of nematodes with different
prey trophic categories. In the present work a

numerical analysis of the relationship between
predation by a dorylaimid predator, Mesodory-
laimus bastiani (Thorne et Swanger) Andrassy
and nematode belonging to different prey
trophic categories has been made. These stu-
dies may be helpful in establishing predator-
prey relationships of M. bastiani. The most ef-
fective and suitable combinations of predator
and prey could be the most efficient predator
(in terms of highest strike rate) and most su-
sceptible prey (i.e., most vulnerable to preda-
tion).

Materials and methods

Mesodorylaimus bastiani was collected from
the Victoria Gate, Aligarh Muslim University,
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Aligarh, and cultured on bacteriophagous ne-
matodes in Petri-dishes containing 1% water-
agar at 28 + 2 °C (Bilgrami and Jairajpuri, 1988).
Prey nematodes belonging to five trophic cate-
gories were selected for analysis of predation
(Table D as described by Bilgrami (1993). The
encounters (i.e., lip contact of predators with
the prey at right angles) between predators and
prey were observed in Petri-dishes containing
1% water agar, using a sterecoscopic binocular
microscope. For fifty such encounters fresh
combinations of predator and prey individuals
were used (Bilgrami, 1993). To reduce the ef-
fect of satiation and prey habituation, a prey
nematode was placed in front of the head of 4-
6 days starved but active predator with the help
of a fine needle without touching (disturbing)
the predator in any manner.

Such observations were recorded where the
predators behaved as normally as could be en-
sured. The strike rate (SR) of M. Bastiani and
the degree of resistance (PR) and suceptibility
(PS) of different prey were determined and
analysed by the mecthods of Bilgrami and Jairaj-
puri (1989).

A EA - AW
x 100; (PR%) =

04) = -
(SR%) FA

x 100;

PS(%) = 100 - PR

where, E = Total number of encounters made
by the predators, Ea = Total number of encoun-
ters resulting in attack; AW = Total number of
attacks resulting in wounding. Feeding after
wounding the prey (FW %) was determined by
the total number of prey individuals wounded
(AW) by the predators. Prey individuals left un-
consumed (PL%) by the predators were also de-
termined. Feeding time (FT), i.e. the time taken
by a single predator to consume an individual
prey, was recorded.

The untransformed results were analysed to
obtain coefficient of correlation (r), standard de-
viation (SD), standard error (SE) and coefficient
of variation (CV).

Results

There was no correlation between encoun-
ters resulting in attacks and attacks resulting in
wounding by M. bastiani on bacteriophagous
nematodes but feeding after wounding depen-
ded upon attacks resulting in wounding (r =
0.98, SE = % 0.006, p < 0.05) (p = degree of si-
gnificance of relationship, “r”). Also there was
no correlation between encounters resulting in
attacks and attacks resulting in wounding on
endoparasitic nematodes, cortical feeders and
predaceous nematodes when they were used as
prey. Similarly the relationship between attacks
resulting in wounding and feeding after woun-
ding was insignificant when endoparasitic nema-
todes, cortical feeders and predators were used
as prey for M. bastiani. A significant correlation
was observed between encounters resulting in
attacks and attacks resulting in wounding (r = 0.88;
SE = £ 0.05; p < 0.05) and attacks resulting in
wounding and feeding after wounding (r = 0.90;
SE = + 0.04; p < 0.05) when epidermal feeders
were used as prey.

The strike rate of the predator and the resi-
stance and susceptibility of the five prey trophic
categories are shown in Table 1I.

Meloidogyne incognita (Kofoid er White)
Chitw. was the most susceptible prey (PS =
87%). Predators fed maximally (FW = 89%) on
it. Anguina tritici (Steinbuch) Filipjev received
most attacks (SR = 84%) with PR = 17%. Maxi-
mum number of individuals of A. tritici were
left unconsumed (PL = 13%) by the predators.
The minimum feeding time (FT) was recorded
on M. incognita (FT = 33 min) and maximum
on A. tritici (FT = 36 min).

M. bastiani preyed most successfuly on
Xiphinema insigne Loos (SR = 72%). It woun-
ded maximum number of individuals and fed
most frequently upon them but with Zongidorus
sp. most individuals were unconsumed (PL =
32%). The cortical feeders were comparatively
less resistant to predation (PR = 18-19%) except
Paratrichodorus sp. (PR = 36%) and Longidorus
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TaBLE | - Classification of plant parasitic nematodes used as prey and their bosts.

Prey trophic

categories (PTC)

Prey species

Authority

Source
of collection

Saprophagus

nematodes

Migratory
juveniles
(sedentary

endo-parasites)

Epidermal
feeders
(ecto-
parasites)

Cortical
feeders
(ecto-
parasites)

Predaceous
nematodes

Panagrellus redivivus,
Chiloplacus symmetricus,
Cephalobus sp. Acrobeloides sp.
Rhabditis sp. Acrobelus sp.

Meloidogyne incognita

Heterodera mothi
Anguina tritici

Helicotylenchus indicus
Hoplolaimus indicus
Tylenchorbynchus mashhoodi
Hirschmanmniella oryzae

Basiria sp.

Hemicycliophora dbirenderi
Hemicriconemoides mangiferae
Scutellonema sp.
Apbelenchoides sp.

Xiphinema americanum
X. insigne
Paratrichodorus sp.
Paralongidorus citri

Longidorus sp.

Momnonchus aquaticus
Mylonchulus minor
Dorylaimus stagnalis
Aporcelaimellus nivalis
Mesodorylaimus bastiani
Aquatides thornei

Mononchoides fortidens

Momnonchoides longicaudatus

(Linn) Goodey
(Thorne) Thorne

(Kofoid et White)
Chitw.

Khan ef Hussain
(Steinbuch) Filipjev

Siddiqi

Sher

Siddiqgi et Basir
(Breda de Haan)
Luc et Goodey

Hussain et Khan
Siddiqi

Cobb
Loos

(Siddig)
Siddiqi, Hooper et Khan

Coetzee

(Cobb) Andrassy
Dujardin

(Altherr) Heyns
(Butschlii) Andrassy
(Schneider)

Ahmad et Jairajpuri

(Schuurmans Stekhoven)

Taylor et Hechler
(Khera) Andrassy

Laboratory
culture

Tomato

Motha grass
Wheat galls

Rose bed
Palm
Paddy
Paddy

Paddy
Rose bed
Rose bed
Grass
Paddy

Hedge
Mulbery
Mulbery
Citrus

Mulbery

Laboratory
culture
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TaBLe II - Strike rate of the predator, Mesodorylaimus bastiani and resistance and susceptibility of different prey trophic
categories.

Attacks Wounding Feeding
Prey species No. of Encounters Strike Attacks Prey Feeding Prey Duration
encounters  resulted rate of  resulted into resistance after left of feeding
into attack  predators  wounding wounding uncon-
sumed
E EA (%) SR AW @) PR  FW@O®  (PL (%) (FTm)
Endoparasitic Nematodes
Meloidogyne incognila 50 40 80 88 13 89 10 33
Heterodera mothi 50 42 84 86 14 86 10 34
Anguina tritici 50 42 84 83 17 86 13 36
Ectoparasitic: Cortical Feeders
Xiphinema americanum 50 32 04 81 19 85 27 67
Xiphinema insigne 50 36 72 81 19 93 22 01
Longidorus sp. 50 35 70 71 29 88 32 89
Paralongidorus citri 50 34 08 82 18 86 25 102
Paratrichodorus sp. 50 33 06 04 36 86 22 40
Ectoparasitic: Epidermal Feeders
Tylenchorbynchus mashbhoodi 50 32 04 78 19 80 20 41
Hirschmanniella oryzae 50 36 72 78 22 88 20 53
Hoplolaimus indicus 50 28 56 0 100 0 0 -
Helicotylenchus indicus 50 24 48 75 25 33 100 Few min.
Scutellonema sp. 50 31 02 0 100 0 0 -
Hemicriconemoides mangiferae 50 21 42 0 100 0 0 -
Hemicycliopbora dberendri 50 24 48 0 100 0 0 -
Aphelenchoides sp. 50 33 06 79 21 89 22 45
Basiria sp. 50 30 60 60 40 72 23 35
Saprophagous nematodes
Panagrellus redivivus 50 35 70 05 34 87 10 41
Cephalobus sp. 50 34 68 71 29 83 15 33
Acrobeloides sp. 50 28 56 61 32 95 0 57
Rbabditis sp. 50 31 62 16 84 80 0 39
Acrobelus sp. 50 30 60 33 67 80 13 51
Chiloplacus symmetricus 50 24 48 75 25 89 13 36
Predaceous Nematodes
Mononchus aquaticus 50 23 46 13 87 67 0 43
Mylonchulus minor 50 83 16 0 100 0 0 -
Dorylaimus stagnalis 50 11 22 0 100 0 0 -
Aporcelaimellus nivalis 50 16 32 21 81 100 0 70
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TaBLE II - (continuation)

Attacks Wounding Feeding
Prey species No. of Encounters Strike Attacks Prey Feeding Prey Duration
encounters  resulted rate of  resulted into resistance after left of feeding
into attack  predators  wounding wounding uncon-
sumed
E EA (%) SR (%) AW (%) PR (%) FW (%) (PL (%) (FTm)
Mesodorylaimus bastiani 50 17 34 24 76 100 25 46
Aquatides thornei 50 23 46 26 74 100 0 47
Mononchoides longicaudatus 50 12 24 0 100 0 0 -
Mononchoides fortidens 50 14 28 0 100 0 0 -

* Predator fed upon only one individual of prey; E = Total numbers of encounters made between predators and
prey; EA = Encounters resulting in attacks; SR = Strike rate of predators; AW = Attacks resulting in wounding; PR =
Prey resistance; PS = Prey susceptibility; FW = Feeding after wounding prey; PL = Prey left unconsumed; FT = Fee-

ding time.

sp. (PR = 29%). M. bastiani took an average of
102 min to consume an individual of Paralongi-
dorus citri (Siddiqi) Siddigi, Hooper et Khan but
required less time to consume an individual of
Paratrichodorus sp. (FT = 40 min).

Hoplolaimus indicus Sher, Hemicriconemoi-
des mangiferae Siddiqi, Hemicycliophora dhi-
renderi Hussain et Khan and Scutellonema sp.,
were totally resistant (PR = 100%). Interactions
with Hirschmanniella oryzae (Breda de Haan)
Luc et Goodey yielded maximum SR = 72%.
Most individuals of Tylenchorbynchus ma-
shhoodi Siddiqi et Basir, H. oryzae and Aphe-
lenchoides sp. were wounded (FW = 78-79%).
Although, 75% of attacks on Helicotylenchus
indicus Siddigi resulted in wounding, predators
continued feeding only upon 33% of indivi-
duals. All wounded specimens were left uncon-
sumed (PL = 100%). Maximum feeding (FW =
88-89%) was recorded on H. oryzae and Aphe-
lenchoides sp. Mesodorylaimus bastiani requi-
red 53 min to consume an individual of H. ory-
zae and 35 min to consume an individual of
Basiria sp.

Panagrellus redivivus (Linn) Goodey was at-
tacked most (SR = 70%) by M. bastiani. The at-

tacks on Cephalobus sp. and Chiloplacus sym-
merricus (Thorne) Thorne resulted in maximum
wounding as the two nematodes were highly
susceptible to predation (PS = 71-75%). Rhab-
ditis sp. was the most resistant species (PR =
84%). Predators fed maximally upon C. symme-
tricus (FW = 89%) and Acrobeloides sp., (FW =
95%) and left 10-15% individuals of P.
redivivus, Cephbalobus sp., Acrobeloides sp. and
C. symmetricus unconsumed but none of Rbhab-
ditis and Acrobeloides sp. Minimum FT = 33
min was required to consume totally Cepbalo-
bus sp., and maximum FT = 57 min for Acrobe-
loides sp.

Mylonchulus minor (Cobb) Andrassy, Dory-
laimus stagnalis Dujardin, Mononchoides forti-
dens (Schuurmans Stekkoven) Taylor ef Hechler
and M. longicaudatus were totally resistant to
predation by M. bastiani (PR = 100%). The rate
of wounding of A. nivalis, M. bastiani and A.
thornei was low (AW = 21-26%) but that of fee-
ding was maximal (FW = 100%). M. bastiani left
25% of their own members unconsumed but
none of others. It required 70 min to consume
A. mivalis and 43 min to consume M. aquaticus
totally.
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TasLe I - Numerical analysis of relationships between Mesodorylaimus bastiani and different prey trophic categories.

N SR AW PR FW PL FT
Prey Tr OPhlL
catagories M+ SD M % SD Mt SD M+ SD Mt SD M+ SD
Saprophagous 01+81 54 £ 23.5 45+ 24.0 86159 9468 43492
(13) (43) (54 7 75 (22)
Endoparasitic 83+ 23 85+25 15+21 85+ 21 11+17 34+£15
(3 ©) 47 @) (16) (4)
Ectoparasitic: 68 £3.2 76+7.0 24180 88+ 3.2 26142 724242
cortical feeders ) (1D (33) ) (16) 34
Ectoparasitic: 58£9.8 41+394 59 £ 39.7 40 £39.10 21+£207 44+75
Epidermal feeder 17 (96) ©9) 99) 99 a7
Predaceous 311108 11£24 84+ 159 46 + 45.2 3+28 52+ 139
(35 21 (19 98) 93) 27

SR = Strike rate of Predators; AW = Attacks resulting in wounding; PR = Prey resistance; FW = Feeding after woun-
ding prey; PL = Prey left unconsumed; FI' = Feeding time; M = Mean; SD = Standard Deviation. All figures are nearest
to whole numbers. Figures in parantheses are the CV (Coefficient of Variation values in percent).

From the analysis of relationships between M.
bastiani and different prey trophic categories (Ta-
ble IID we can make the following assumptions:

— maximum encounters resulted in attacks
with endoparasites (SR = M £ SD 83% + 2.3; CV =
3%; p < 0.05); most encounters failed to provoke
predators to attack other species of predators
(prey) (SR = M * SD 31% + 10.8; CV = 35%; p <
0.05);

— the endoparasitic nematodes were most su-
sceptible as they were wounded in large num-
bers (AW = M + SD 85% + 2.5; CV = 3%; p <
0.05); the predaceous group was most resistant
to wounding (AW = M £ SD 11% + 2.4; CV = 21%;
p < 0.05);

— when used as prey predaceous nematodes
formed the most resistant trophic group (PR =
M £ SD 84 £ 15.9; CV = 19%; p < 0.05); endo-
parasitic nematodes showed high degree of su-
sceptibility to predation (PR = M £ SD 15% =
2.1; CV = 47%; p < 0.05);

— maximum variation in feeding after woun-

ding occurred on epidermal feeders (CV = 99%)
and the least with endo-parasitic nematodes
(CV = 2%); cortical feeders were fed upon most
by M. bastiani (FW = M £ SD 88% + 3.2; CV =
4%; p < 0.05); the epidermal feeders were not
prefered by the predators as only 40% + 39.1 of
wounded individuals were consumed,;

— M. bastiani left most cortical feeders un-
consumed (PL = M £ SD 26 + 4.2; CV = 16%)
but consumed more individuals of predaceous
species (PL =M £ SD 3 + 2.8, CV = 99%);

— M. bastiani took a maximum of 72 £ 24.2
min to consume an individual of cortical feeders
whereas the predators required 34 £+ 1.5 min to
consume completely an endo-parasitic nematode.

Discussion

M. bastiani is predaceous on nematodes be-
longing to different trophic categories similar to
Aporcelaimellus nivalis (Bilgrami, 1993). Its re-
lationship with individual prey species varied.

_ 86—



The characterization of prey trophic catego-
ries has revealed that migratory juveniles of se-
dentary endo-parasites were most vulnerable to
predation as they appeared to lack anti-preda-
tion characteristics (Esser, 1963; Grootaert et al.,
1977; Small and Grootaert, 1983; Bilgrami and
Jairajpuri, 1989; Khan e al., 1991). Bacterial fee-
ders which have a soft body and smooth cuticle
are highly susceptible to wounding despite their
activity. The ecto-parasitic nematodes (cortical
and epidermal feeders) and predaceous nema-
todes possess physical and behavioural charac-
teristics which resist predation better than other
prey trophic categories. The reason why cortical
feeders were more susceptible to predation
could be their inactivity, large body size and
inability to take evasive action (body undula-
tions, escape response) when attacked. Aporce-
laimellus nivalis also exhibited an identical rela-
tionship with different prey trophic categories
(Bilgrami, 1993). However, A. nivalis has a hi-
gher strike rate, a high degree of prey woun-
ding and takes less time to consume prey than
M. bastiani. The prey trophic categories were
also more resistant to predation by M. bastiani
than A. nivalis.

The absence of predation on Hoplolaimus
indicus, Scutellonema sp., H. mangiferae, H.
dbirendri, Acrobelus sp., M. minor, M.
Jortidens, M. longicaudatus and D. stagnalis is
attributed to physical characteristics e.g., thick
cuticle, body annulations and thick cuticular
folds (Esser, 1963; Small and Grootaert, 1983;
Bilgrami and Jairajpuri, 1989, 1990). The bacte-
riophagous (Rbabditis sp., and C. symmetricus)
and predatory nematodes, (M. fortidens, M. lon-
gicaudatus and M. minor) avoid predation be-
cause of behavioural characteristics (Bilgrami e.
al., 1983; 1985a; Bilgrami and Jairajpuri, 1989).

Dorylaim predators repulsed from feeding
and regurgitate the contents of Helicotylenchus
sp. (Esser, 1963; Grootaert et. al., 1977; Small,
1987, Shafqat et al., 1987; Bilgrami and Jairajpu-
ri, 1989; 1990). M. bastiani also showed similar
behaviour when wounded Helicotylenchus indi-

cus and initiated feeding. The duration of fee-
ding depended upon the size of prey, prey vo-
lume and the chemical composition of the prey
contents (Bilgrami et al., 1985b). Positive corre-
lations between attacks resulting in wounding
and feeding after wounding by M. bastiani sug-
gest that feeding is always dependent upon
wounding and once the prey is wounded it lose
its resistance. Similar correlations were also ob-
served by Bilgrami (1993) with A. nivalis using
same prey trophic categories.
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