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Testate amoebae as predators of nematodes

Received: 19 April 1994

Abstract Testacea were observed ingesting nematodes in
the litter horizons of native forests in New Zealand. Nem-
atodes were most commonly attacked from the tail end
but some specimens were attacked at mid-body. Nema-
todes with damaged tails were recovered in greatest num-
bers from the highest, wettest site sampled. Nebela
(Apodera) vas (Certes, 1989) and Drfflugia sp. (possibly
lanceolata Penard, 1890) were the predators; both species
were redescribed using light and scanning electron mi-
croscopy and morphometry. Most damaged nematodes
were lronus sp. but Clorkus, Tbbrilus, Iotonchus, Cob-
bonchus, Dorylaimus and Plectus were also attacked. Lit-
erature on testacean feeding strategies was reviewed
briefly.
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lntroduction

Although the effect of the nemat ode/protozoa/bacterial
predation or grazing chain has been studied because of its
importance in the cycling of plant nutrients (Coleman et
aL. 1984; Schönborn 1992), the only reports of protozoan
predation on nematodes concern ciliates and naked
amoebae (Small 1988). In this note we report predation
by testate amoebae on nematodes in forest litter.
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Materials and methods

Litter and soil samples were collected in November - December
t990 from four unmilled native forest sites at the Orongorongo Val-
ley Field Station, southern North Island, New Zealand under
Nothofagus menziesii-dominant forest at 800 m altitude on Station
Ridge (near site d of Moeed and Meads 1985); N. menziesii-domi-
nant forest at 680 m altitude on the track to Station Ridge; N. trun-
cata-dominant forest at 160m altitude (near site c of Moeed and
Meads 1985); and mixed broadleaf forest at 100 m altitude (near
site a of Moeed and Meads 1985). r

The average annual rainfall at 100 m altitude is 2500 mm and
the mean monthly air temperatures are 6-26'C; as orographic
cloud frequently envelopes the forests from about 550 m, sites above
this level are cooler and wetter. Moeed and Meads (1985) have given
monthly litter moisture and temperature data for various sites.

Samples for nematodes were extracted using the Whitehead and
Hemming tray method (Southey 1986), counted live, fixed by the
addition of boiling fixative (100 ml 40Vo formaldehyde: 10 ml gla-
cial acetic acid:390 ml distilled water; Southey 1986), processed to
glycerol, and mounted on glass slides.

Samples for identification of testate amoebae were collected on
1 May 1993 from site d at 800 m altitude on Station Ridge. Single
specimens were isolated by a micropipette and processed as de-
scribed by Schönborn et al. (1983).

Results

Predation by testate amoebae on nematodes

When counting the live extracts, we observed several nem-
atodes being ingested by testate amoebae (Figs. I - I4).
Most observations involved a protozoan engulfing the tail
of a nematode (Figs.2, 6, t0); in one case ingestion had
proceeded to mid-body length and in another alateral at-
tack had been successful (Figs. 1, 5).

Several attempts were made to recover and preserve
testacea actively feeding on nematodes but the physical
links were weak and separation occurred. However, fixed
bulk extracts contained a few intact predat or/prey couples
(Figs. 1, 2,5, 6, 10). A total of ll5 mounted nematodes
were found to have tails damaged in a way similar to those
observed to be damaged by testacea (Table 1). Seven nem-



Figs. l-4 Feeding of testate amoebae on nematodes. The cyto-
plasm of the amoebae is shrunken because of the preparation pro-
cedure used; it contains a nucleus (A/) and many food vacuoles (f)
with humus particles, fungal hyphae, and unidentified materials.
I I'{ebela vas feeding on lrona,s sp. The nematode is ruptured near
the middle of its length and drawn into the test orifice. 2 Difflugia
lanceolata feeding on lronus sp. The nematode is attacked at the
tail and drawn into the cytoplasm whereby it is apparently lysed.
3, 4 Tail region of normal and testacean-attacked lronu.s sp. Scale
bar division 20 pm

atode genera were affected but the greatest incidence was
in Ironus sp. (Figs. 1-8, 10, Ll). Apparent damage to
Cobbonchus sp. is illustrated by Figs. 9, 12-14. The
greatest number of occurrences was at the highest, wettest
site and only at that site were any damaged specimens
found below the superficial litter layers.

Description and identification of the testate amoebae

Two testacean species were observed feeding on nema-
todes (Figs. 1, 2); they were identified as Nebela vas and
Drfflugia lanceolata. However, identification of testate
amoebae is fraught with problems. It is thus necessary to
give detailed descriptions of our material, for the benefit
of future ecologists and taxonomists.

Nebela (Apodera) vas (Certes, 1889)

Description (Figs. 1, 5, 15- 18, Täble 2). Shell yellowish
or hyaline, lageniforffi, length: width proportion highly
variable, viz., L : 1.5 - 2.0; likewise proportion of inflated
posterior part (fundus) to cylindroid apertural part (neck)
rather variable, viz., l:1.5 - t.7. Organisms thus slender
to broad drumstick-shaped, with neck length slightly less

to distinctly more than one-third of shell length. Neck
orientated more or less strongly obliquely to fundus in
about 5Vo of specimens (Fig. 15). Shell distinctly flat-
tened and slightly curved laterally (Figs. 16, L7).Ground
substance of shell unstructured, usually completely cov-
ered by circular and elliptical platelets obviously derived
from other testate amoebae, such as Trinema and Cory-
thion, often arranged in very regular and beautiful pat-
terns (Fig. 18). Oral aperture distinctly elliptical, well-de-
fined by yellowish, slightly thickened, structureless rim
2-4 pm high (Figs. 1, 17, 18).

Remarks. This large and beautiful species was very abun-
dant and associated with several other Gondwanian testa-
ceans, such as Nebela mortiali. It has also been recorded
from New Zealand by other authors (Penard lgll;
Deflandre 1936; Hoogenraad and de Gro ot 1948; van Oye
1956), and our observations agree well with theirs. Nebelq
vas is a bryophilic species restricted to Gondwanian frag-
ments in the southern hemisphere (Deflandre 1936;
Grospietsch 1971; Hoogenraad and de Groot 1979). Most
of our specimens fit well with the common form ob-
served, by Certes (1889), Penard (1911), Deflandre (1936),
Hoogenraad and de Groot (1948), and van Oye (1956).
About 5Vo of our material matches 

^,r. 
vas obliqua

Grospietsch, l97I (having the neck obliquely attached to
the fundus), A/. vas longicollis Grospietsch 197 I (having
rather a long neck), and 

^,/. 
vas recticollis Jung, 1942

(havin g a nearly cylindrical neck and a less inflated fun-
dus). Because in our material there were many transitions
between the normal form and the other shapes, we con-
sider that such forms are within the normal variability of
this species (cf. Deflandre 1936).
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Figs. 5 -14 Feeding of testate amoebae on nematodes. The cyto-
plasm of the amoebae is shrunken because of the preparation pro-
cedure used. 5 Nebela vas feeding on lronu^s sp. (cf. Fig. 1). The
nematode is ruptured near the middle of its length and drawn into
the test orifice. 6, 10 Difflugia lqnceolata feeding on lronzs sp. (cf.
Fig.2). The nematode is attacked at the tail (Fig.6) and drawn into
the cytoplasm (Fig. 10, white qrrow) whereby it is apparently lysed.

Note the distinct rim of organic cement (black aruow) around the
test orifice (pseudostome) of the testate amoeba. 7, 8, 11 A normal
and two testacean-attacked lronus sp. whose tails are distinctly
shortened (arrows). 9, 12-14 Normal (9, 12) and testacean-at-
tacked (13, 14) Cobbonchus sp. whose tails appear nibbled (sr-
rows). Scale bar division 40 pm
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Table 1 Nematode genera
with specimens apparently
damaged by predation by
testate amoebae at four beech
(Nothofagr.s spp.) and
broadleaf forest sites. The
number of damaged specimens
is given, together with the
total number of that genus
observed in that horizon. Site
details include altitude and
organic horizon

Beech Broadleaf
(100 m)
L+F

^/. 
menziesii (800 m)

L+F oh

N. menziesii N. truncata
(680 m) (160 m)
L+F L+F

Ironus
(Ironoidea)

Clorkus
(Mononchoidea)

Tobrilus
(Tripyloidea)

Iotonchus
(Mononchoidea)

Cobbonchus
(Mononchoidea)

Dorylaimus
(Dorylaimoidea)

Plectus
(Plectoidea)

74 (76)

6 (t7)

3 (8)

1 (16)

(-)
1 (1)

1 (1)

Character Mx SD CV Min Max
Table 2 Morphometric char-
acteristics of Nebela
(Apodera) vas from
Nothofagus spp. forest . Data
are based on 23 randomly
selected, empty shells. All
measurements are given in
pm. CV is given as Vo (M me-
dian, Min minimum, Max
maximum)

Length (total)
Length (fundus)
Width of fundus (broader side)
Width at base of neck (broader side)
Width at pseudostome (broader side)
Width of fundus (narrower side)
Width at pseudostome (narrower side)

165.0
104.0
92.3
s2.6
33.7
60. s
25.3

168
t04
93
52
34
64
25

t3.5
6.7
7.0
4.t
2.r
7.9
3.4

8.2
6.5
7.6
7.9
6.4

t3.r
13.3

132
88
79
44
30
44
20

I

184
t20
110
60
38

72
32

Apodera Loeblich and Tappan, 196l is, depending on
the criteria used by specialists, a genus closely related to
Nebela or, in our view, a subgenus of Nebela.

Dtfflugia lanceolata Penard, 1890?

Description (Figs. 2, 6, 10, 19 -22, Table 3). Shell yellow-
ish or hyaline, pouch-shaped, tapering from widest diam-
eter situated about two-thirds of body length from aper-
ture, rounded aborally and evenly angled towards aper-
ture; rarely slightly curved (Fig .2t) or indented near aper-
tural region to produce inconspicuous neck (Figs. 19,20).
Shell composed of small to medium flattish pieces of
quartz and many roundish platelets clearly derived from
other testate amoebae such as Trinema, Corythion, and
Euglypha (Figs.20-22); surface always very smooth,
appearing as though polished (Figs. 19, 20). Organic ce-
ment reticul ate, apparently composed of tightly spaced or
fused rings (Fig. 22).Shell orifice (pseudostome) circular,
well-defined by organic cement appearing as yellowish
ring under light microscope (Figs. 6, 10, l9). Nucleus with
many tiny nucleoli.

Remarks. This species was very rate, only seven specimens
being found. Species determination in the genus Difflugia
is extremely difficult. However, it is clear that our popula-
tion belongs to the "superspecies" D. oblonga Ehrenberg,

to which Stepänek (1952) and Patterson et al. (1985) as-

sign, among others, D. lanceolatq and D. lacustris. This
was, however, criticized by Ogden and Ellison (1988) who
found distinct differences in the organic cement which
binds the shell particles. Our identification is primarily
based on two remarks by Ogden (1983), viz. that "the cell
surface of D. lanceolata appears polished, a feature that
often permits easy identification" and that "the organic
rim surrounding the aperture is almost unique to D.
lanceolqta ". Both features are displayed by our specimens
(Figs. 10, 19, 20).Likewise, the reticulate pattern of the
organic cement is very similar to that described by Ogden
(1983) for that species. However, the size of our speci-
mens is closer to D. oblonga oblonga and D. lacustris, be-
cause the reported size range of D. lanceolata is smallet
viz., tl4- 160x 48-92 pm (Penard 1890; Golemansky
1966; Ogden 1983).

Difflugia lanceolata is an aquatic species, although
there are some reports from soil and dry mosses, all
without figures and thus questionable. One of the review-
ers suggested that our organism might be a new species
because of its terrestrial habitat, larger size, and the
brownish organic cement around the shell aperture. We
agree, howeveE that more specimens must be analyzed be-
fore such a decision is made. For the moment it seems
wise to affiliate our population with D. lanceolata Penard
which is the species closest to our material.
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Figs.23-25 Empty shells of testate amoebae (Nebela lagenifor-
mis, Trinema enchelys, Arcello arenaria) containing nematodes
(from Yarga 1959, 1960). Yarga observed these specimens in forest
soil litter and in the moss of a gutter and suggested that nematodes
preyed on the amoebae

Figs. 26-27 Difflugia rubescens ingesting the contents of Closte-
rium sp. (Desmidiaceae) by perforation lysis of the cell wall (from
Hoogenraad and de Groot L94l)

Discussion

The nematodes examined were recovered by an active ex-

traction method so not only were nenultodes significantly
damaged in the field excluded from observation but also
any significant damage that was observed had occurred
during the 24-h extraction process. It is not known how
many prey had been destroyed by predation; only dam-
aged specimens were recorded.

Testaceans have not previously been reported preying
on nematodes. They have, however, a diverse food spec-
trum (reviews by Foissner 1987; Laminger and Bucher
1984; Schönborn ,1966), although most are probably
polyphagous and/or microphagous (feeding on bacteria).
Others feed on fungal hyphae and spores, otr humus par-
ticles, or on other protozoans, including smaller testa-
ceans with a store of reserve platelets that are used for the
construction of their own tests (Figs. 18, 20, 22). Both
Nebela spp. and Drfflugia spp. are well-known predators.

25 27

It was thus not surprising to observe that they also feed
on micrometazoans, although such predation has not pre-
viously been reported for either soil or freshwater testa-
ceans. However, it may occur more frequently but remain
unreco gnized since, as we observed, the physical links be-
tween the predator and the prey are easily separated.

Testate amoebae have evolved a wide range of feeding
strategies (reviews by Grospietsch 1965; Schönborn 1966)
and we illustrate some in Figs . 23 -27 . Usually, however,
the food is touched and encircled by the pseudopodia be-
fore it is drawn into the shell. More rare and complicated
modes include perforation lysis (Figs. 26, 27; see also
Chardez 1985 who reports that Hyalosphenia platystoma
feeds by this mode on Euglypha fihfera) and food-bundle
formation, i.e., aggregates of humus particles collected
during optimal periods around the pseudostome and di-
gested during less favourable periods (Schönborn et al.
1987). The two modes observed in this study, viz., attack-
ing prey in mid-body or at the end, have also been de-
scribed for Ä/e tzelia tuberculata feeding on filaments of
the green alga Spirogyra (Anderson 1989). In fact, these
modes of ingestion are similar. Further, ciliates may take
up filaments of cyanob acteria in the same ways (Peck
1985).

While lronus and Dorylaimus with filiform tails may
well survive damage or malformation, the outcome in
Clarkus, Iotonchus, and Plectus, where even slight dam-
age led to exposure of somatic musculature, may be loss
of body fluids,' infection, and death.

In view of these observations, records of "deformed
tails" in soil nematodes may be reviewed to assess the pos-
sible association with predation [e.g., the occurrence of
lVo malformed tails in females of Thornenema wickeni
(Dorylaimoidea) collected from Wicken Fen (Yeates 1970)
where testacea are abundant (Stout L971)].

The occurrence of both large filiform-tailed nema-
todes and testacea in open-textured, moist habitats may
sometimes be simple co-existence rather than an indica-
tion of pre dator/prey interaction.

The range of food habits of testacea and the relative
mobilities of nematodes and testacea in a given habitat
need to be assessed before the impact of predation by
testacea on soil nematodes can be evaluated. AIso, some

Table 3 Morphometric characteristics of
Data are based on seven empty shells (see

planations)

Difflugia lanceolata.
Table 2 for further ex-

Character Mx SD CV Min Max

Length
Width
Width at
pseudostome
Pseudostome
(diameter)

184.0 t84
87 .4 88
48.t 48

34.7 3 5

15.8
6.3
3.8

3.0

8.6 t7 6 208
7.2 80 96
8.0 44 56

8.6 32 40



nematodes may feed on testacea. Yarga (1959, 1960) and
'W. Foissner (unpublished data) observed soil nematodes
within the shell of various testaceans (Figs. 23 -25), indi-
cating predation by nematodes on testate amoebae, and
Yarga (1959) observed a live nematode ingesting cyto-
plasm within the test of a Centropyxis aerophila.

Acknowledgements Funds for this research provided by the New
Zealand Foundation for Research, Science and Technology.

References

Anderson OR (1989) Some observations of feeding behavioE
growth, and test particle morphology of a silica-secreting testate
amoeba Netzelia tuberculatq (Wallich) (Rhizopoda, Testacea)
grown in laboratory culture. Arch Protistenkd 137:ZtI-221

Certes A (1889) Protozoaires. Mission Sci du Cap Horn 1882- 1883
6:L - 53

Chardez D (1985) Protozoaires predateurs de thöcamoebiens. Pro-
tistologica 2l:187 - 194

Coleman DC, Anderson RV, Cole CV, McClellan JF, Woods LE,
Trofymow JA, Elliott ET (1984) Roles of protozoa and nema-
todes in nutrient cycling. In: Giddens JE, Todd RL (eds) Micro-
bial-plant interactions. Am Soc Agron Spec Publ 47, Madison,
Wis, pp t7 -28

Deflandre G (1936) Etude monographique sur le genre Nebela
Leidy (RhizopodaTestacea). Ann Protist 5:201 -286

Foissner W (1987) Soil protozoa: fundamental problems ecological
significance, adaptations in ciliates and testaceans, bioin-
dicators, and guide to the literature. Progr Protistol 2:69 -2t2

Golemansky V (L966) Contribution ä la connaissance des

th6camoebiens (Rhizopoda, Testacea) en Yougoslavie. Bull Mus
Hist Nat Belgrade B2l:193-205

Grospietsch T (1965) Wechseltierchen (Rhizopoden), 2nd edn. Kos-
mos, Stuttgart

Grospietsch T (197l) Beitrag zur Ökologie der Testaceen Rhizopo-
den von Marion Island. In: Bakker F.}l{.Z, Winterbottom JM,
Dyer RA (eds) Marion and Prince Edwards Islands. Balkeffi&,
Cape Town, pp 4ll - 423

Hoogenraad HR, Groot AA de (1941) Observations on a special
manner of feeding of a species of Difflugia (Drfflugia rubescens
Penard). Proc Ned Akad Wet 44:3 - t4

Hoogenraad HR, Grott AA de (1948) Thecamoebous moss-
rhizopods from New Zealand. Hydrobiologia t:28 - 44

Hoogenraad HR, Groot AA de (1979) Die geographische Verbrei-
tung der Süsswasser-Rhizopoden. Hydrobiol Bull (Amsterdam)
13:152- L7 |

Jung W (1942) Südchilenische Thekamöben. (Aus dem südchileni-
schen Küstengebiet, Beitrag 10). Arch Protistenkd 95:253-356

Laminger H, Bucher M ( L984) Freßverhalten einiger terrestrischer
Testaceen (Protozoa, Rhizopoda). Pedobiologia 27 :3t3 -322

7

Loeblich AR Jr, Tappan H (1961) Remarks on the systematics of the
Sarkodina (Protozoa), renamed homonyms and new and
validated genera. Proc Biol Soc Wash 74:213-234

Moeed A, Meads M (1985) Seasonality of pitfall trapped inverte-
brates in three types of native forest, Orongorongo Va1ley, New
Zealand. NZ J Zool 12:17 - 53

Ogden CG (1983) Observations of the systematics of the genus Dif-
flugia in Britain (Rhizopoda, Protozoa). BuII Br Mus Nat Hist
(Zool) 44:l -73

Ogden CG, Ellison RL (1988) The value of the organic cement ma-
trix in the identification of the shells of fossil testate amoebae.
J Micropalaeontol 7 :233 -240

Oye P van (1956) On the thecamoeban fauna of New Zealand with
description of four new species and biogeografical discussion.
Hydrobiologia 8:16 -37

Patterson RT, MacKinnon KD, Scott DB, Medioli FS (1985)
Arcellaceans ("Thecamoebians") in small lakes of New Bruns-
wick and Nova Scotia: modern distribution and Holocene
stratigraphic changes. J Foraminiferal Res L5:lt4-137

Peck RK (1985) Feeding behaviour in the ciliate Pseudomicro-
thorax dubius is a series of morphologically and physiologically
distinct events. J Protozool 32:492-501

Penard E (1890) Etudes sur les rhizopodes d'eau douce. Möm Soc
Phys Hist Nat Genöve 3l:l -230

Penard E (I9II) Sarcodina. Rhizopodes d'eau douce. Br Antarct
Exped 1907 - 1909 t:203 -26t

Schönborn W (1966) Beschalte Amöben (Testacea). Ziemsen, Wit-
tenberg Lutherstadt

Schönborn W (1992) The role of protozoan communities in fresh-
water and soil ecosystems. Acta Protozool 3 L:IL- 18

Schönborn W, Foissner W Meisterfeld R (1983) Licht- und rastere-
lektronenmikroskopische Untersuchungen zur Schalenmorpho-
logie und Rassenbildung bodenbewohnender Testaceen (Proto-
zoa: Rhizopoda) sowie Vorschl äge zur biomeffischen Charakte-
risierung von Testaceen-Schalen. Protistologica 19:553 - 566

Schönborn W, Petz W, Wanner M, Foissner W (1987) Observations
on the morphology and ecology of the soil-inhabiting testate
amoeba Schoenbornia humicola (Schönborn, 1964) Decloitre,
1964 (Protozoa, Rhizopoda). Arch Protistenkd 134:315-330

Small RW (1988) Invertebrate predators. In: Poinar GO, Jansson
HB (eds) Diseases of nematodes, vol II. Chemical Rubber Com-
pany, Boca Raton, Fla, pp 73 -92

Southey JF (ed) (1986) Laboratory methods for work with plant
and soil nematodes. HMSO, London

Stöpänek M (1952) Testacea of the pond of Hrädek at Kunratice
(Prague). Sb När Muz Praze 8:1-55

Stout JD (197l) Aspects of the microbiology and oxidation of
Wicken Fen soil. Soil Biol Biochem 3:9 -25

Varga L (1959) Untersuchungen über die Mikrofauna der Waldstreu
einiger Waldtypen im Bükkgebirge (Ungarn). Acta Zool Hung
4:443 - 478

Yarga L (1960) Über die moosbewohnende Mikrofauna aus einer
Dachrinne von Tihany. Ann Biol Tihany 27:169- 182 (in Hun-
garian with German summary)

Yeates GW (1970) Four Dorylaimina (Nematoda) from Wicken Fen,
Cambridgeshire. Nematologica 16:27 3 -283




