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I. INTRODUCTION

Although nematodes abound in secils little has heen

discovered about their role in the biology of soils. Dune

sands were selected for this study since if this "relatively

simple" habitat could be understood it would provide a

starting point to an understanding of the vastly more complex

biology of agricultural soils, It was thought that the

nematode fauna in sand dunes would be depauperate, that the

environmental conditions might be simple enough to be under=

standable, if necessary duplicable, and that their variation

might explain variation in the nematode fauna.

In an attempt to achieve some understanding of the

nematode fauna the following points were considered:-

1.

taxonomic characterisation of the nematode fauna to
species level. Although de Man (1880, 1884) described
several species of nematodes from the coastal dunes of

the Netherlands, the nematode fauna of this environment

is poorly known. Clark (1960, 1963) and Killick (1964)

have described new species from New Zealand dunes,

examination of the -population changes of the species in
relation to seasoh,'depth and other environmental factors.
The majority of population studies have concerned econ=-

omically important species in agricultural soils,

elucidation of trophic relationships. The trophic
relationships of many nematodes are unknown or
unsubstantiated., Goodey (1963) gives the essence of
the knowledge of the bionomics of each genus.

general examination of the biology of "free living"

nematodes, aided by comparison between conditions

in vivo and in vitro. Because of the supposed



gsimplicity of the biota, physics and chemistry of dune
sands comparison of results obtained from cultures with
those obtained in the field seem more acegeptable than

if species from a complex agricuitural soil were used.



I, LOWER TAXONOMY



ST Umlzs ON Nl' MATODES FROM DUNE
SANDS
I. TYLENCHIDA

By
G. W. YEATES

Department of Zoology, Massey University, Palmersion North

qurmtm’ ;‘mm the NEW ZEALAND lawm; OF SCIENCE, Voi I, N ]
“March [967 -



280 [Maren
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Palmerston North

(Received for publication 6 Ocrober 19663

Summary

Scwtelloncma N 0, $p. 1% dwuibul “r-\m under Ampaophila arenavia (L ) Link,
amd is characierised by it Mri,a sigo (L« 12241 »0 mm) and afeolation of the whole
length of the laieeal Yiedds, Helleotylenchus mpw ssus W sp. is deseribed from under
Lexn *Admw'm spiradis Hook, 1. and. is ¢baracter md by the pz(?"dmlf) to the spear of
sfand (O = 20- 33, the relative Jength of the
¢ ;oc,amm af the oefephago-intestinal valve:
tdepression of the tail. Males of Dofwhadnrm
i -from the types in that the median tobe of
b rone of extiodlar processed 15 present,

ing of the dorsal oesophig
; r pottkm the spear (in =
- Amerms to the excretory :
arengrins Clark from Tay
the il is indcffnt&é and'a

INTRODUCTHIN

~ Although de Man (1880, 1884) described several species of nematodes
from the coastal dunes of the N;th»rlanda the nematode fauna of this
enviromment s poorly known. More recently Overgaard Nielsen (1949)
included sand in a survey of the nematode faung of 18 Danish soils, and
- Clark (1960, 1963) and Killick (1964) have dcsmhed new species from
New Zealand dunes, '
The material treated in this and succwdmg papers was collected by
~the ‘author, extracted usmg a Seinhorst’s clugriator (Seinhorst, 1956,
1962), killed by guntlc ‘heat, fixed in TAF. and pmw%cd to glycerine by
Seinhorst's method (Seinhorst. 1959).

In the modificd de Man formulag a. b, ¢, V and T have their useal
meanings: b’ total body length 7 length of oesophagus to end of oeso-
phageal glands (Sher, 1963a); ¢ == tail length / anal body width; m =
leogth of anterior p'xrt of spear (metenchium) total lc.ngth of spear
(Andrassy, 1962); O = distance. of dorsal ouﬂphagz.x gland opening
from posterior of spear / total length of spour (Pﬂry Darling and Thorse.

1939), Spicule length is measured along the chord.

*Mqtemi fnmze]ly held at Massey University s now in the Ncmamde (‘oil«.ctmn.
Zoology Dwaﬂnmnf University of Canterbury,

TPresent address: Department of Zoolegy, University-of Canterhury, C ‘hristchurch.

N.Z, JI Sei. 10: 280-6
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Family HorLorarioaz
Subfamily HOPLOLAIMINAF
Genus Se utel]onema Andrasw 1958

 Scuiclionema magon n. sp.
(Fig. 1a~3)
MEASUREMENTS: :
, Himatungi Sp_ecimsm
H Iot}pe f‘em'sh, < 1457 wm; a.ss 560 b == 11:8; b' = 9-0; ¢ = 30

23, ¥V o 524 apaur =67 pm s 62,0 <11,
12 female paratypes: L o= [-44 mm (s = _;-D~249 mm) (range 1-24-1-60
mimn); a = 40(39 57); b : 11-0.010-2-12:3); =% 3(77-9-5):c = 28
{23 34) ¢ e 23 (18- 2 (‘) Voms “‘3 (49 ‘?h) spear == 64 p (59-69);

m o 62 (60~64): Q == 10:0/(7:7-14- 1)
-A,Hﬂlypt} male: L 129 mmy a = 46, b == 99: b = T8 ¢ = 2
Cspear =5 59 pom owe 62 O s [ 2 spicules 37 wi mﬂ sernacuium 18 gl
capitutum 15 u. o :
12 male parsiypes: L« 1-27 mm (s s o (0047 ,mm) (range I<‘20«Ié36 mm);
a = 53(42-67),b = 99 (B ZALE); b - T-6 (6:6-8-8); ¢ = 19 (17-21):
ﬁpedr 59 4 (53-61)m =2 60 (36633 O = 12:2 (6:0-20-4); spuuks 37 u
(35--38); gubernaculom 17 u (1618} capnulum 13 2 (1015
Patea Specimens - .

_chma}es L= 138 mom (I 281 5(}) g o= 45 (nH 49) b = 99 (9 0 iO 7)

rrrrr = TR(T2-85) ¢ = 24(22-26); &
ape:lr = 64 p (63-65); m o= 62 (‘61~-«63), () s 9 3 (7 (w. l 0}, , ’
2 malus: L= 126, 131 man: 2 = 50,57, b = 95, 96, = T8, 6y

« 19, 18; spear == 36, 85 u; m = 63, 67; 0O == 16, 10; spicules .= 335,
39 4 gubernaculum o= 16,17 o gipuulum = 10 10 5.

“Femare: Body wsually: pur%*ed vauvtm'l!y. Lip region set off, with six or seven

~annules, but no lohgitudingl striations. Lip region not a regular hex: agon

inen face view (Fig. [n). Spear knobs rounded, Excretory pore posterior
,'to ocsoplwgn—mtwmlal valve and opposlteocsnphdbml glands. Hemizonid
14 annules unterior to excretory pore;, hemizonion 12-23 annules posterior
1o excretory pore. Vilva 3 transverse slit; eplptygmd single (Fig. 1, ).
For four specimens anterior ovary 232% o (20:6-259) and posterior
ovary 19 6% (17 4-23-2). Phasmids. ¢ 2 m diameter, sityated opposite
cach otheér and 3-10 annules posterior to anus, Tail round, wgth 2030
-unnules. Latera] tields auolated throughout. '

- Marp: Similar to female except for sexvil dimoephism, Head of 6 or 7
annules is 11% narrower than that of female. Plld%mldS 16-22 annules

. posterior (o cloaca. Tail with simple bursa and 37-54 annules. Guber-
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view,
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naculum thicker ventrally and knobbed dorsally. Capitulum  simple,
_ obscure. : a

Juy F.Nuﬁy'Similur to temale (Fig. 1r).
Tyer Hasitar: Dune sand beneath Anmophily arenaria (L.) Link.

Type L_q(:.u,h'x:'}tlimat;mgi Reach, Manawum N.ZM.S. 1, N148, 751323,
I metre above mean sea level, in 'pa‘l‘l]y' stabilised sand.

Tyre Suines: Holotype (1"cn‘m]¢')' allotype (male), and 25 female, 12 male
and 9 juvenile paratypes arg in the Nematode Collection, Zoology Depart-
ment, Ma;&my University. 10 female, 5 male and 3 juvenile paratypes are
in the Nematode Collection, Entomology Division, D.S1.R., Nelson.
All tvpe material from the fype locality. colleéctions being made on 19
March, 21 Tun(, 20 Tuly and 20 August 1966,

COmer LocaLisy: Paten Beach, Taranaki, N.ZM.S. 1. NI36, 046060,
10 metres, in p.utl& stabilised iron sand undev Ammophila arenaria.

DIFFERENTIAL DIAGNOSIS: Scutellonema magna . sp. is distinguished from
all other described species of Scewtellonema primarily by the areolation of

the whole length of the laieral tields and its large size. The lateral fields

in Scurellonema, as-emended by Sher (1963b), are arcolated primarily in-
the region of the phasmids and anteriorly, The ']dl‘[..e*il specimen of a
species of Sewrellonema vecorded by Sher (1963b) is 1-2 mm for a Iemah, of
&, grande (Sher). '

Family HOPLOLAIMIDAE
Subfamily HOPLOLAIMINAE
Genus Helicotylenchus Steiner, 1945
Helicutylenchus depressus n. sp.
(Fig. 2a-9)

MEASUREMENTS !

e 0680 mm; a = 309 b= = 0Qre s 54?6;

Halotype female: |

¢ 1-28: ¥ -4 (75 4 % spear - 24 u; . Bin

11 female mmlyrmx L oo 0719 mm (s == -4 0*,313 mm) (mpge 0-635

G- 801 on):; (1(1 2357 h o 69 (B 5-7-0): b s 51 (4:4-6-0) 1
20.F Tl 932 4) 6%4

< e oex 534 {41 7()%) = 104 (28 Vo=
(63267 7) 20 P AR ”5 npear w38 0 (2322700 my e 43 (39.—4(-,);0
203145 3" 4).

. FEMALE: Bndv pmxl when rc,ld\a.d by 2.c.m{e heat, Lip region mImnunm
- hemispherical, with three or four annules but no-longitudinal striations.
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Vi, 2 Avte-Helicotvlenchus depressus 0. sp. A, Anlerior end of female. #. Female.
., B fuce view, D, Lateral field anterior (0 excretaory pore: . Variation
- in owerlap of oesophuges! gland, 1, Female il in lateral view,

Fra. 2 1o-Dalichodorus arenarins Clark, Ventral view of male tail of Taylors Mistake
Ceimen. . .
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Papillae not seen in e face view (Fig. 2¢). Spear knobs usually rounded
anteriorly but concave anterforly in some specimens, Lxeretory pore
posterior to vesaphago-infestinal val ‘mizonid not scen, Qesophageal
“glands somewhat variable (Fig. 2k bt main overlap ventral. Phasmid
6--11 annules anterior Lo aitgs. Tail with 10-13 annules ventrally, depressed
and with non-anoulated section dorsally (Fig. 2n-1). Lateral fields not
areolated posteriorly but anlerior (o L\Lrum) duet annules project into
;Ouler portion of feld (Fig, 2m).

M M B Linknown.

“;I‘tw‘h\uL‘ ﬁnmllm to female, Tn one juw:mh paratype tail not depressed
“dm' sally.

IXPH Hasrrar: Sand benzath Desinoschoenus spiralis Hook {

Typr LocaLiTy: Birdlings Flat, Lake Ellesmere N.Z.M.S. 1. $94, I)3‘~200
3 metres abmm mean sea level. in eoarve, stable sand.

Typ SLIms Holotype (female), 9 female paratypes and 3 juvenile
paralvpm are in the Nemutode Collection, Zoology Department, Massey
University. 3 female and 2 i uvenile paratvpes in, the Nematode Collection,
 Entomplogy Division, D&IR Nz,ls,cm All collected from the type
' chaln) on 15 May 1966,

RENTIAL Di/ AGNosES: Helicotylene Fms depressus n.sp. s dist inguished

ther described species of the genus by the. proximity to-the
he opening of the dorsal oesophageal gland (O »= 20:3, 25 being

imumy for the gu’:nm) the relative length of the anterior postion

of the spear {metenchivm) {m - 43), the location of the oesophago-

intestinal valve anterior to the excretory pore and the fopm el the il

RlanA‘RK‘S: Three of the female _par'atypes hiave preminent sporezodn
cysts prajecting from, their cuticles.

Family HOPLOLAIMIDAY
Subfamily DOLICBODORINAE -

D@lichodorus arenaring Clark, 1963

'n. mu.hm Iﬂhf: o[‘ th huum C Lark (i% *} de\mbud thn mul«, hnl ,
s a8 having its median lobe rounded posteriorly, and with

'm’,m mrlmh;‘:d mtim mimbe ol\hml «apu uk-hke uum,u]ar [)1 (\L‘E‘b\t“s
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lobe is mdent«,d distally, and tl’wrp is a transverse zong of cuticular
processes in the fégion of the bd*«b of the ¢lefis whu,h d1v1du the bmsa -
(Fig. 21).

b all othcr rus; s the matpnal c.oniurmx m Clark’s (1963) dc,:crlplmn

44T b & 890
B
4!(1647) b = 7.9 (7-6-83);
]U),, spicules == 5() w (47-50),

g 65 '(497 54) V- 1-57); Spe
7 males? Lo L 9” mm 1 71 2 L)U)
¢ = 57 (‘)’5 59); spear == 107 % (l()l -

AG k\-)Wl,] DGMENTS
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STUDIES ON NEMATODES FROM DUNE
SANDS

2. ARAEOLAIMIDA*

By G. W, Yeates,T Department of Zaology, Massey University,
3 . r g Y y
Palmerston Narth

(Received for publicarion 6 Qctober 1966)

Summary

sp. {(Fleclinag) is deseribed, [t is close to Plecrys and Anaplectus
by the absence of cephalic setac, the absence of caudal
dat glands and the presence of 4 cuticularised excretory duet
osterior limit of the ocsophagus. Pandurinenmta mowhitia
ised” by cophulic annulations, the remaimder of the body
showing fongl ml striguons. - The arphid s lincar, A prominent hemizonid is
preswan, The o le has 1wu ot three preanal supplements and nvu caudal ghinds may be
present. Female gonads s, opposed, reflexed, and a cuticy) ar (%) body is present
; i Ve c: vuh I opering. Huhpl(frtm onepul . $p. (Hahplecimae) is
i ¢s 11 the ogsop lgudf bulb, & post equatorial
preanal supplerme

Pakiva grae t
bt is readily
pnapillae, th
whicly exie
n. sp. {Plecy

Family PLECTIDAE
Subfamily PLECTINAE
Genus Pakira n. gen.

GENERIC DaGNosss? Plectinae. Cuticle with transverse strige. Lip region
otfset and with six, equal in en face, lips. Prostoma broad, vather barrel-
shaped: metastoma narrower, triangular in transverse section. Amphid
aperture pore-like. Oesophageal bulb glandular, without valve plates.
Excretory pore ventral and cuticulatised excretory duct extendiag beyond
postertor limit of cesophagus. Tail without caudal glands, Female gonads
didelphic, reflexed. Testes palred. in tandem, Spicules paired, gubernacolum
with dorsal process. Preanal papillac with cuticularised duets present.
Caudal papillae absent,

Discussion: The Tornt of the stoma, the presence of g terminal (muphageul
bulb, the paired, opposed ovaries, the striation of the cuticle and supple-
ments in the male of Pekire n. gen. are consistent with the diagnosis of
Plectinae {Oerlev, 18807 Mio: J{"I?lﬂ. 1522,

*Material formerly held at Massoy University is now in the Nematode Cellection.
Zodlegy Depanment, Uaiversity of Canterbury.

FPresent address: Departuvent of Zoolagy, University of (mnrc,\bury, Christchurch.

NZ J Sl 10 2T-33
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The circular amphid aperture is in conflict with the subfamily diagnosis
but Maggenti’s (1961a) studies suggest the plectoid amphid may normally
have a round or oval aperture, The diagnosis of Paraplectonema Strand,

1934 includes the absence of valve plates in the oesophageal bulb and
Chronogaster Cobb, 1913 may lack caudal glands and terminal duet.
Although the excretory duct of Pakira n. gen. is not coiled and indeed
extends beyond the posterior limit of the oesopbagns, it is cuticularised
as in Plectus Bastian, 1863 (emend. Maggenti. 19610 and Anaplectus de
Coninck and Schuurmans Stekhovcn, 1933 (emend. Brzeski, 1963).

The probolae cannot be deseribed as wing-like or seta-like projections
and this, coupled with the fact that move than just the end of the excretory
duct s cuticularised, excludes Pakira n, gen, from Wilsonematinae Chit~
wood, 1951,

Of the Plectinge Plecrus and Anmapleerus are ¢losest to Pakirg 1. gen.
Pakire may be distinguished from these two genera by the absence of
cephalic setag, the glandular oesophageal bulb and the absence of caudal
glands,

The generic name is from the Maori pakira (== bald) and refers 1o the
absence of cephalic sefae,

Pakira orae n. sp.
(Fig. la-8, Fig. 2a-1)

MEASUREMENTS:

Holotype male: Lo 192 mamy a == 30; b == 701 ¢ o 24008 w0 203,

T o 469

12 male paratypes: Lo 2203 mmo (s = -571) (1-90-2-34); 0 = 44 (36-53);

B T7(6 290y ¢ - 22(18-20); ¢ v 28(2-1:3:0): T 5"n (4] 0.

Allotvpe feruale: L=+ 2280 nny; a2 =~ 48; b = 9:6; ¢ == ",-’. ¢ o= 25

Yoo Y05 R 9l

12 female pi mm pes: I 244 mum (5 = 3093 (2:03-2:86); & == 44 (37~ 52’);
S ECEREES)!

l = G R (T A 10-2) ¢ =
(-'?\ (“7} 108 (& Tt

34- {20-27y: ¢ = 29 (2436 V !

Mard: Large sesmatodes, with transverse striations on cuticle. Six prom-
inent ips, each with a papilla and base of oflset lip region surrounded
hy probolae (Fig, 24). No incisures seen in lateral fields but two rows of
hypodermal glands, with cuticular pores. present on cach side (Fig, Za-0).
Amphid aperture pove-like, situated nesr middle of dnierior portion of
stoma, Stoma bipartite, the broad anterior portion being 8-9 w long and
the nacrow, poorly defined, posterior portion some 20 pfong. All parts of
stoma triangular in section, with a ventral depression (Fig. 2b-g),
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Yag, bePakira erae n, gen. el o, sp. A Pemale, B, Male.

Cesophagus doryvlaimoid ; basal hulb about one-half body width wide. more
glandular than anterior porion and valve plates lacking. Qesophago-
intestinal valve about ene-guarter body width wide and one-third body
widih long. Excrgtory pore vather variable in position (57-77%, oesophageal
length. mean 65 %) but always anterior to ogsophageal swelling. Cuticular-
ised excretory duct still visible posterior 1o oesophago-intestinal valve
(Fig. 2a). Caudal glands d‘mnm

Testes patred, in tapden; mtmor festis outstretched, posterior testis
reflexed for short distance (Fig. 18), Spicules arcuate, paired. with slight
hook on dorsal end and more heavily sclerotised dorsally. Gubernaculum
with dorsal process; dorsal and ventral axes % heavily sclerotised and joined
by thinner posterior region. Two preanal supplements present, the anterior
mest aperture being 36 o (48-05) anterior 1o ¢logci, with cuticularsed
duets [7 @ dong; supplement glands promineat. Caudal papillac absent,

Scienee 1Y
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V3G, 2o Pokeira orae n. gen. et n. sy, A, Anterior gnd. », Male el o Pemale tail, oy

Juce views wt successive lovels,
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Pores of hypodermal glands continue on {o tail, there also being one
ctween the two supplements and pne between the posterior supplement

and the cloaca. The latter pore is lightly modified by the presence of a

tiny seta (Fig. 2g).

Femary: Similar to male, although somewhat longer. Gonads paired,

()ppm(,d and singly wl]eud over half 1hur fength. \wum extends into
body one-third of its width,

JuveniLer Similar to male,

Tyve S1ipks: Holotype, allotype and 12 male, 12 temale and 12 juvenile
paratypes are in the Nematode C ()llcctmn Zoology Department, Massey
University, Palmerston North, 5 male, 5 female and 5 juvenile paratypes

are in the Npmal‘ude Collgetion, Fntomology Division, 12.8.1.R., Nelson,

Tyre  Locauiry: Himatang Beach, Manawatn, NZM.S. 1, NI148,
751323, in partly »idblllbud sand under Amnmp}nia argraria (LY Link,
Altitude 1-0 m, 0:5 km uﬂ.md from high tide level. Collected 19 March,
20 fuly and 20 August 1966,

Orurr - Locarmy: Castleciff Beach, Wanganni; N.ZM.8, 1, N137,
311857, in stabilised sand under 4, greneria. Altitude 6 m, 40 m inland
from high tide level,

Remarks: The specific cpuhct is derived from the Latin org (= cogst).

Family PLECTIDAE
Subfamily PLECTINAE
Genus Pandurinema T iy, 1957
Pandurinema mowhilia n. sp.
(Fig. 3a.-1)
MEASUREMENTS : :
Hulm) [‘&. malg ,L e F920 mms a = 385 b e TS5 owe W20 07 a0 45

=Y 21 .

l? pad atym nmlm 0:925 mm {3 = 088) (0-730--1.060); a »= 40:3
"""" - 75 (B6R6); ¢ = 95 (851102 ¢ = 47 (33-55);

26“’ ()’ 36): spicules == 20 p (17 72)

Allolype female: Loa= O 7::1,) mm; 8 == 37310 == 09 ¢ == 6-5; « 85

‘\,T ey 300 ¥ 3! .1 t)‘ .

18 paraiype I"efnmlcs: Looes 9()8 mm {s = -086) (O 700-]'()40); a == 347

(313823 b = 77 (67-9:0); ¢ = () 5(559:9): ¢ = 79 (56-10-2);

Yo 120 (103 31 4 «\) 48 3 (44 ﬂ,’) Ot {77 Dol 20 K) .

Marg: Cuticle with transverse rows of punctuations and some 30 longi-

tudinal striations. Head narrows abruptly and head cuticle has some

fifteen propinent anntles (Fig, 3o-p). Amphids linear and about one-third




292 Nt:\v ZfcAf.A\ D JOURNAL OF SCIBNOJ-

I

{M ARC;

=
“—

ety 5.

** a3 SSW ,i'"ft-vir***>%> %,



t2
=

1967) YEATES - NEMATODES [ROM DiNng Sanns

oesophageal length (Fig. 3v). Lips [used; en fave view shows hexamerous
structure bar ne- papillae seen (Fig. 38-6). Stoma short, eylindrical,
Auntertor two-thirds oesophagus cvlindrigal: postenor ane-third forming
panduriform bulb. anterior portion with oae set of sclerotisations, pust-
ertot with three of which the most anterior is egual in tength 1o the other
two. Oesophago-intestinal valve large but lacking in detadl. Prominent
hemizonid ventral to posterior portion of cesophageal bulb (’I"ig. 3¢,
Posteriorly, about an anal-Dody widith behind the cloaca, longitudinal
strintions less well defined and cuticular pinctuations coarser but lacking
apparent order. Tail 1apering and possibly two caudal glands present.

Testes ;’)ili:i't‘:d. oppased. Arcuate spicules paired. about one anal-body
wilth long. Gubergacuium with dorsal apophysis and lobe-like collar,
Twa, or rarely three, simnle preanal supplements,
Femary: Similar (0 male.

Gonads paired, opposed. refiexed. Vulva heavily cuticularised, opening
g transverse sht with prominent cuticular {7) body at each end (Fig, 3.1}
JovesiLes: Similar to female, ' o
Tyee %Imfs Holotype. dll(»upe and 12 male, 24 female and B juvenile
paratypes are in the Nematode (,.(,\I{u:t,;on, Zoology Departiment, Massey
University. 5 male, § female and 2 juvenile paratypes arg in the Nematode
Collection, Entomology l")ivisi.on, D.SILR.. Nelson,
Tyes Localry: Himatangi Beach, Manawaty, N.ZM.S. 1, NI4g,
751323, in partly stabilised sand under Ammophilu arenaria (1) Liuk,
Altitude 1-0 m, 5 n inland from high tide level. Coliected 19 March,
21 June and 20 July 1900,

Orwrr Locactrss: Himatangl Beach as for type locality bt under
o rlsslmu ful‘&:du Hook. T,

Favlors Mistake. Banhs Pcm’mu a, BLAMS. 1, S84, 127496, under.
Desmaschoenus spiralis Hook, T Alotade 13 m, 20 m inland from high
ticle lovel, V

Castlecliff Beach, Wanganui, NZM.S. L NI37, SH8ST, in partly

stabilised sand uynder A, grenaria. Almud\, 6 1, 40 m inland from high
tide fevel,
Sercrpre Dimerenmiaton: The male differs from the single specimen of
P filirormiy Timotin the pl'escnc‘e of cephalie annalations, hemizonid and
supp!unums For P. fitisseandds L= 0680 mmeand ¢ == 39, while Tor P,
mowditi Los Q- 7301060 num amr € e K812,

%‘.'ﬁ"i’r\l\t'u" Posrrwm: Timm (1987) JL“%U‘thd Pondurinema piformis from
single male specimen and !ﬁrtnlnml\ placed the zenus in the Cvatholai-
minae. Goodey (1963) concurred with this,
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From a consideration of specimens of 2. mowhitia n. sp. the genus

seems 1o belong to the Plectinae. The cylindrical oesophagus is relatively
much narrower than in most Cyatholayminge and, coupled with the
presence of sclerotisations in the terminal bulb, is closer 10 the Plectinae.
The form of the spicules, preanal supplements and especiaily the guber-
naculpm are plectoid, The opposition of the testes is characteristic of most
of the Plectinae, and the cuticular punetation; which was presunably o
factor in assigning Pandurinema to the Cyatholaiminae, is much finer than
that of a choanolaimid occurring in the same collections, The interpretation.
of the amphid of Plecrus by Maggenti (1961a) as a convoluted tube opening
by a simple oval or circular pore is not incompatible with the hnear amphid
observed in Pandurinema mowhitio but the cephalic apnulations tend to
obscure the apesiure.
Remarks: The characters of the new species are consistent with the
diagnosis of Pgndurinema "Fimm, which was based on a single male speci-
nen. Timm's suggestion that the amphids are lincar is supportcd The
- gmphids have been elearly seéen in only one specimen, a nm[;_, however
in other specimens a “shadow™ was observed in this area and the en face
views also show the amphids, ’ '

In all specimens a prominent. ventral, hemizonid was observed. Although

ne fibres have been observed linking the hemizonid to the nerve ring, the
relationship between the nerve ring, the ocsophageal bulb and the hemi-
zonid is similar to that illustrated by Sher (1963) lor varivus Hoplolaiminae.
OF 25 males examined, 24 had two simple supplements and only one a
third. , : '
In males stained with acid fuchsin or by Hasbrouck’s {1959) technigue
there appeared to be two caudal glands present, stituated rather dorsally
in the tail and with a duet leading towards the tail tip. Only a single
female and a ‘»mglc fuvenile showed such apparent glands on staining
and in only one specimen, 2 male, h«wn, they begn observed alter normad
processing to glycerine,

The speuhc name Is derived from the Mxlﬂ” mowhiti (== ring) and refers
to the cephalic annulations.

Family Leproraimoar
Subfamily HALIPLECTINAE
Genus Haliplectus Cobb, {913
Haliplectus anepuj n. sp.
(Fig. da-1)

MEASUREMENTS: o
Holotype female: L= 0740 mm: a = 175; b = 90; ¢== 2005, ¢ »= 115;
V o 15 55,3 18, .
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8 paratype females: L o= 0772 mm (s == -076) (670 G-920); a = 1§
{16-21); b == 79 (6:6-9-0); ¢ = &5 (1(1 -23:0); ¢ = 17 (152 1)
Voo 180000 R0 S48 (§].2.56.-7) 104 U4 17D

Allotype male: L » 0-825 mm; a = 22:0; b= 8 6;¢ 2B 0 = |6
T e 44902 aplullm 34 u.

5paraty;m mafes: L= -852 mm (8 = 084)(0 ‘,U(} G:970): a5 1.-,3(“1 23y
b o= 82 (7 3-8:8); ¢ = 208 (182- 24 O: ¢ = 1-7 (34-1:9y T o~ 44°%,

(40 »45}; spicules =+ 34 p (31-37),
Patea Spt.cimt,m ,
2 Rm.\h:x I o= O 84b (O-830 mm; @ =0 2000, 22:6: b TY 8200 = 247,

251 ¢ »,!Alv, .:\9,;“‘,1‘ 31-2 158,
5 males: L — 0-9”’4 v (-3 0»960); a = 239 (22 8- 25:K); = 88
(84900 ¢ = 225 Q0T 248); ¢ = 16 (1418 T = 427 (38 47y

spicufes = 35 ¢ {34-37).
Castlechift Spt;ei mMens

3 females: L - 0-840, ﬂ~¥<‘;(), 0-930 mny; o - 21, 20, 25: b = 83085, 8°5;
¢ome 22702105, 20:0; ¢ = X7, 148, 1090 W e EE4G 00 100 gq e
14 ‘7 l-‘
S males: I, == 0°930 mm (0 ROO-1:060); & = 24 (18-26): b == B8 (§-3.9-5);
¢ e 3243 (’ 15.252);¢" w D4 (1 2-1-7) T e 409, {39-41); spicules == 36 u
(H 39).

Femavg: Cuticle vellowish, 1 thick, with simple strise, producing annules
2w wide. Striae show little anastomosis sxeept adjacent fo vulva and
distally on tail (Fig. 40). Six small papillac of inner ring visible in en face
view (Fig. 4r). Opter ving of papillae not seen, Lips Tused. Mouth cavity
surrounded by some 24 radiating refractive elements gs in Z7. mm(*a’phalum
Cobb in Chitwood 1956, Amphids unispiral, broken posteriorly, § p in
diameter and situated 10-32 « from anterior. Lateral lields not differen-
tiated but double row ol cuticular pores present on each side (Figs 4¢-x),
The rows are separated by the amplid. The pores appear four tipes as
wide as the strige and occur at intervals of 810 4, not always on sifiag.
Stoma rudimentary: chetlostom very weakly developed, Oesophagus

reaches almost 1o anterior end; median bulb fusiform 0-4.-0-5 body widths
wide: posterior bulb contains four siviated valve plates and 1 0-35-0:65
hm}y widths wide. Oesophago-intestinal valve distingt, 0-4 body widths
wide and 16 15 4 Tong, Details of intestine not clear but intestime about
0:6 body widths wide anteriorly, narrowing to -5 body widths in posterior
part of body. Large vells uhscrwd in ivtesting of some specimens. Rectum
about ene anal body width long. Anterior lip of anus often shghily
protruding, Tail 1-5-2-0 anal body widths fong, convex conoid in anterior
two-thirds, more convex dorsally than ventrally, terminal portion peatly
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cvlindroid and 0-3 anal body widths wide. Spinerette short, blunt and
transparvent, Details of didelphic, reflexed ovaries usually obscure, Vulva
slightly cuticularised and extends one-third way acress body. Vulval
lips slightly protruding. '

Matg: Similar to female, Cloaca without protruding anterior lip. Tail
1-2--1:9 anal body widths Jong, convey conoid through the greater part of
its length, more convex dorsally than ventrally and terminal portion
blimtly conaid (Fig. 48), Tail annulated to tip but striac more commanly
anastomosing on tail than on rest of body. Four distinet preanal supple-
menis within -47--57 anal body widths of cloaca (Fig, 48). Spicules simple,
long, arcuate, acute and |-0-1-3 anal hody widths long, Gubernaculum,
with apophyses, about one-guarter .»pu,ulu length (Fig. 48). Details of
testes obscure.

Juvesier: Similar to female but in smaller speciiens tail up to three
na[ nnd\ widths 'm‘u, angd without distal cvlindroid portion. Larger
specimens show apparent slight sexual dimorphism in tatl. Cuticular pores
present. Amphid unispire.

Fre PDierrrpNTIATION | Gerlaeh (1963) has revised the genus Halipleetns
‘md gives descriptions of seven valid speucx H. onepri s distinguished,
primmarily by the possession of striaied oesophageal valve plates, a post-
gguatorigl vulva (V. w0 32-7-5729%) and four moderate sized preanal
supplements in the male. M. onepui is distinguished from #. bibulbosus
(Schulz, 1934), the only other described species with a postequatorial
vulva, by the presence of supplements in the male, shorter spicnles
(3139 g in M. omepui of. 45-50 in H. bibufbosus) and the striated ogso-
phageal valve plates. H. onepui differs from H. svhulzi (de Coninck, 1943),
which also has Four supplements in the male, by its strigted oesophageal
valve plates, 1ts tomger spicules (31-39 p in H. onepmdd, 20 i in H. schuizi)
and its post-equatorial vulva.

Tyre Supes: Holotype, allotvpe and 6 female, 4 male and 10 juvenile
paratypes in the Nematode Collection, ]t‘UlﬂLV Departmient, Massey
Uiniversity, Palmerston North, 2 female, male, nd 5 § juvenile paratypes in
the Nematode Colleciion, i.momohvg} Division., DS LK., Nelson.

Tyrs Locariry: Mimatangi Beach, Manawatuy, NZMSE 1, NI4§,
751323, m partly stabilised sand under Adnvnophila arenuria (I Y Lirk.
Attitude 140 m; 05 koy inland from high tide fevel, Collected 19 March

and 20 Aupust 1906,

Orrer Locarrnes: As for type locality but ander Desmoschoenus spiralis
Hook. 1. and Spinifex hirsuins Labill.
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Patca Beach, Taranaki, N.Z.M.§. 1, N136, 046060, in partly stabilised iron
sand under 4. arenaria. Altitude 10 m, 50 m inland from high tide level,

CastlechiiT Beach, Wanganui, N.ZM.S. 1, NI37, 511857, in partly
stabilised sand under A. aresarig, Altitude 6 m, 40 m inland from high
tide level.

Sumner Beach, Banks Peninsula, N.Z.M.58. 1, 584, 092331, under A.
grenaria on gently sloping beach, below E H WST.

Blrdhnu Flat, Ellesmere Spit. N.Z.M.S. 1. §94. 015200 under Desmo-
schoenus spiralis Hook. f.1n coaise, stable smd,. Altitude 4 m; 30 ni inland
from high water level.

ReMargs: The occurrence of this species in supralittoral sand points to
the genuy being ccologically interesting, Previously three truly marine
species have been described, two from salt marshes, one from a mangrove
swamip, and one from around the roots of Brazilian pepper (Schinus sp.).
Titrations of soil suspension with silver nitrate have given valves lor the
total halide content of the soil solution of (-64-3-6°/_. for various sand
samples in which H. engpui occurred,

The observation of a chiglostom in a second species supports Gerlach's
(1963) positioning of Haliplectus in the development of the stoma of the
Chromodorida on the basis of H. fleridgmis Cobb 1936 (Cobb in Chitwood
1956). H. comicephalumr Cobb in Chitwood 1936, in which radiating
retractive elements. around the oral cavity have alsc been described is

-regarded by Gerlach (1963) as a probable synonym of H, floridanus Cobb
in (‘hilwnod I‘)%
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STUDIES ON NEMATODES FROM DUNE
SANDS

ONCHOLAIMIDAE, IRONIDAE, ALAIMIDAE
AND MONONCHIDAE*

By G. W, Yeares,t Department of Zoology, Massey Liniversity,
Palmerston North

(Recetved for publiention 28 Ocwber 1966}

Summa ry

The foliow! ng Spee ies are described, or recorded: Luypsioming whangae 0. sp, which
is characterised by a gubsrnaculum which s massive and squarish to ovoid proximally.
with 2 dorsat Amn,yh s somewhat C'Qﬁ‘dgdted on its anterior edge and with an anteriorly
directed distal projection about equal to the width of the shaft of the apophysis; Tris-
© sonchulus litroralis 0. sp. bhas adistinetly offset head, nftml spmerﬂtc: and lacks caudal

papﬂim, Trissonchilus qm'xc{m’papzllami v s tacks catd nd e}}meu.m, in the

male but bas a group of five papillag ventrally on th T litoralis and 7,

quingpe napu'faim there is only a single woth in the dorsal su,t«)g of the stoma’ dlaimus
© himgrangiensis n. sp. has eleven 1o fourteen precloacal kﬂppkemerm in the male; Alaimus
primivivns de Man, fotonchus basidontus Clark and M r}‘um}w!m striarus (Thorme) are
ed from vartous localfties; Micosthus reflexis 1, sp. is characterised by the
v floxnre of the posterior arm of the lateral guiding piece: Mivonchns Kivikivi
ger than M. refexas and M. californicus Mulvey, which it resembles most
lonichalus psanmw;fhxiu n. sp. is closest 0 M. subsimilis (Cobb) }mt disiin-

Y its stoma. spicuies and il

Family ONCHOLAIMIDAE
Subfamily EURVSTOMININAE
Genus Kurystomina Filipjev, 1921
Enrystomina whangae n. sp.
(Figs 1 A-1, 2 A-G)
MEASUREMENTS :
Holotype male: L - 375 mumg g == 607 b = 495 ¢ =0 34 ¢ ox 222
spicules == 38 u; cloaca to anterior Ruppu.ment 230 s amu Te)g suppkmcm
ta second 9050 stoma 24 30 17 . ,
8 males: 1. == 407 mm (s = Uv31l)(‘%-(wl 4»‘»9)' a = i") (’i4~~66),; b e 53
(48-59); ¢ == 37 (31 48; ¢ = 62 u (58-05);

clouca to anterior supplement 2?0 i (23() 76()} ]DT.LIIO,!‘, supplement to
second 100 p (90-110); stoma 24 (23-25) > 19 (17-21) w2 cephal
6 12 u. 4 % 8.

at Massey University is now  fn the Nematode Collection,
L,mvel,» nt C am;rhmx

NFZ, A 8ed [0 299321
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Fis. b~ Egrvstoming whisigae 0, sp.a. En Jace view, m, Lateral view of head. o Female
in fareral view. o Toil of male. v, Valval vegion i lateral view. v, Vulval tegion
in ventral view,
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K F\,

Fio. zu{rubas zms,ul& of Eary womf
Nl E,

app orientated with dm‘»a! dpnphym o left,
N c?ﬁr?m'r;mm {after Dlilc%&‘l), 1910) L. 5. ornata

{after sz‘gs‘ 1987
Allotype Temale: 1, == 4 31 V;miir’x: a owe 6ds b oom 005 0 = 32; 00 e 205
W we 101 AR LB2: stt}md 25 % 15, .
8 females: L = {-356) (435 -73):;1 = 64 (5472} b =
{5362 =34 (29,41 e S R P T A A TR VE R E 2 64(‘39 fm}

e teead 8 gioma 28 {23-25) < 20 (18-21) anhg;hc setae § % 12 p,
4 % ¥

Mair; Head rounded and slightly offset from body, An outer virgle of
ten cephalic setae; six longer than the remaining four, and an inner ring of
six small papillae border the hexagonal mouth opening (Fig. 1a).

‘The vephalic setag appear to have a small lobe at their base on which
one of the papillae is situated, Buccal cavity bipartite. In the pesterier half
of the anterior portion Tour rings of denticles are present, but the most
posterior ring lacks denticles in the left dorso-lateral sector (Fig. Ia)
The denticles in the anterior vow are somewhat longer than those in the
sugceeding rows, In the posterior portion of the buceal cavity three teeth
are present, that arising in the right ventro-lateral sector being the largest
and projecting anteriorly to about the level of the anteriormost ring of-
denticles. The shorier teeth of the left ventro-dateral and dorsal seetors
may not reach the posterior ring of dewnticles, Bxeretory pore lies opposite
T,hvr:: middle of the posterior portion of the stoma.

The ossophagus is long, eylindrical and without apparent specialisation,
The nerve ring crosses it at abouat one-quarter of ifs length. No eve-spots
observed, ‘

The cuticle Iacks hristles and anpulations hut lpngitedinal ridges are
present. Hypodermal glands are preseat and paived culiculir pores occur
Iaterally abeut every two body-widths aver the ‘greater part of the body.
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The tail is conoid, curves ventrally and “‘Iu tip bears the rounded Lips of
the caudal gland duct (Fiz. 1n).

Testes obscure. A simple setiferons supplement lies immediately anterior
to the cloaca. Two cup-like supplements lie at approximately tail-length
intervals anterior to the cloaca. These two supplements lack well developed
interngl projections and a duoct is present in their bases but the glands
have not been seen. When relaxed by gentte heat the anterior-most
supplement is nsually refracted, the othertwo projecting (Fig. 112). Spicules
simple, arcuate, proximally cepbalated. Gubernaculum massive and
squarish to ovoid prasimalily with a dorsal apophysis somewhat corrugated
on jts anterior edge and with an anteriorly directed distal projection about
egual to the width of the shaft of the apophysis (Figs 10 and 2a-6). In

Cventral view this-distal projection is seen to be concave,

FemaLy: Similar o make. G mds paired, opposed and reflexed two-thirds
vay 1o valva. Vulva transverse slit about half bady width (Fig, 18,
V agina oot strongly cuticnlarised and extending one-gquarter way across
’bg\dv On cach side eight glands are present in vulval rcginn {(Figs | p-¥).
~ Rectum ong and a half m two anal body widths long.

: Similar to female except that only three tings of denticles occur
in ihc dn‘:mor portion of the stoma, The distance between the rings is
som;what gn,xuu than in mature pr;lT‘[‘Lﬂ§.

1 pIAL Inacwosis: B whangae s distinguished from all other
“described species of Eurystomina hy the shape of the gubernaculum. In his
review of the genus Tnglis (1962) suggests that the male genital Apparatus,
particularly the form of the gubernaculum, is perhaps the best character
;1gui¢hin lhu many inadequately described species of Eurystomina.
red by Inglis enly those of B pragta tEberth, 1863)
"'i’()!{l e (Dtt evsen, 19300 have an outline comparable with that
of I, W /zmwae In E. ornata, however, the proximal end of the apophysis is
swollen into two rounded knobs {Fig, 203 and in £, ;srem;lamm there iz a
triangular foramen in the proximeal portion (Fig, 2 H‘)

(\,ﬁoi.,aci,n.n, if:n!'.o'mnkigy Division, 2.5, Nels ;
Tyee Locaciry: Taylors Misiake. Banks Peninsnla, M.Z.MS. 1, §%4
127496, 1 partly s lised sand under Desmoschoenus spivaliy Hook t
Aldtitede 2w, 20 m 0 1 from high tide level. Collected 15 May 1966,
Orpr Locavnzs: Specimens of Eyrystoming sp. from the following
Iovalities have been examined, but in the absence of males no specific
determination has been possible.
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Himatangi Beach. Manawaty in sand under Spinifex hirsutus Labill,
Collected by W. C. Clark, | fomale with the following dimensions.
.= 443 mm; a = 68; b = 50; ¢ = 497 ¢ = 24,V = 8 (9 115,
stoma width 19 u, length 24 I

Birdlings Flat, Ellesmere Spit, N.Z.M.S. 1, 584 035200 under D. spiralis
in coarse, stable sand. Altitlude 4 m, 30 m inland from high tide level.
Juveniles only.

Patea Beach, Taranaki, N.Z.M.S, 136 046060, in partly stabilised
iron sand under Ammophila arenaria (L) Link. Altitude 10 m, 50 m inland
from high tide level. Juveniles only.

Rimarks: The close similarity of the structure of the head of £. whangae
to that of E, pettiti Inglis and the obsca jty of most the other structures
except in the tail regian would seem to s'u'pp rt Ih’ﬂlix {1962) contention
that the ‘male genital apparatus is a ;.uod hnsxs for the differentiation of
species in Buryyfonting.

OF the 38 neminal spuuc“; dealt with b\, Inglis all cm, truly marine except
for E. terrivola (de Man, 1907) which was deseribed from soil soaked in
brackish water, No male of E. ferricola is known but da Man’s measurc-
ments of the female (L == 7-2 mm;a = 90; b = 835 0 e 50; ¥ = 6049
suggest it is distinet from £ whangae,

Oligachaete chactae were observed in the intestine of one female.

The' specilic epithet  is derived from the Maori whanga (> bay).

Family TRoNIDAE
Subfamily froninas
Genus Trissoncholus Cobb, 1820
Trissonchulus littoralis n. sp.
iFigs 3a-F, 4a-D)
MEASUREMENTS
Holotype male: L = 2:48 mm; a == 52; b 7-5; e L I
pharyngeal rods = 49 ;T = 374, spicules =+ 41 w; gubernaculum - 19“.
12 male paratypes: L == 274 mm (s = O 28‘3)( 23-3:07); 0 o 61 (52 69):
b 84(729 "i)' c <2(47 59y’ e 194 (1-4-1-8); pharyngeal rods -~
47 u (45 49y, 3‘5 0 (23:6-45 9) spicules == 4’7 w (41--435); «tuhgb
paculon -~ 9 @ (I() 20 ,
Allotype temale: Low 2233 mamy a =< 810 b s 7050 ¢ = 435 ¢ w0 I°5;
pharyugeal rods < 47 gV == 56 102,
12 female paratypes: L= 271 mm. (s = 0-206) (233-307); a = 57
(51-68), b «~ 85(75-% 1) ¢ == 81 (43 ﬁ}'} ¢ e 14 (1024 i) pharyngeul
rods 47 (4549) 0V :~3 (49 57y 1o lr et ),
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y / ALY} ) . pilag

cegion. v, Head of imature specimen. v, Head of juvenile specimen. & Testes.
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Maik: Body vsually straight when relaxed by gentle heat, Lip region set
off, with an iuner ring of six papillag each on a lip, and an outer ring of
ten papillae (Fig. 38). Oral opening surrounded by three lip-flaps, with
denticles along their edges (Fig. 3n). Each of the three pharyngeal rods
bears a single, outwardly curved, tooth at its anterior end (Figs 3, £).
Amphids cyathiform, Oesophagus basically dorylaimoid, being modified
to support pharyngeal rods anteriorly and more glandular posteriorly.
Cuticle with longitudinal striations, Oval hypoedermal glands, about one-
quarter of a body width wide, occur at intervals of about two body widths
from the oesophageal bulb to the cloaca. Tail short, stout, and rounded.
Caudal papillag not seen, Spinerctte opening ventral, prominent {Figs.
4a, B).

Testes paired, opposed.” Anferior testis muech longer than posterior
(Fig. 3¥). Spicules paired, similar, complex and stout with narrower
proximal end and curved distally. Gubernaculom complex, indistinct
pmxmmlly ‘with posteriorly ditected apophysis and fobe-like portions
near tips of spicules (Figs 44, »). Faint copulatory muscles visible for four
tail-lengths antgrior to 5104»«.1 No dlqtmct mpp]emmts observed.

FremarLe: Similar to male. :

Vulva a transverse slit extending anc-thxrd way across body. Anigrior
oviduct present but anterior ovary wedkiy developed, indistinct and
apparently non-functiopal, Posterior oviduet- and ovary prominent,
reflexed but relatively short (I‘rg 417) Nu ug,gs seen, ‘Tail similar to that
ol male (Fig. 4¢).

JuveniLe: Similar to male, Sucund.uy 1LLth prc.scnt (Fig. &),

Tyer Locariry: Summer Beach; Banks Peninmla N.ZMS. 1, 8§84,
092531, below extreme high water spring txde In pdrﬂg, xlablhsnd mnd ,
under’ 4mmop/u[a arenaria {1.) Link.

Tyee Supes: Holotype {male), allotype (medlL). and H male, 12 funak
and 18 juvenile paratypes are in the Nem tode Collection, Z. oolony Depart-
ment, Massey: University. § male, 5 temalc and 8 juvemle paratypes are:

in the Nematode Coll u,tmn Entomelogy Division, D.SILR., Nelson, . -

All t)pymatcu.x.l collected from type Jocality 15 May 1966.

DIFFERENTIAL DIAGNOsES: T, Hrtoralis . sp. may be distinguished from the
described species of Trissonchulus by its offset lip region, the longitudinal
striation on the cuticle, the non-functional anterior ovary, the shortness
of the posterior testis in relation to the anterior, the form of the guber-
naculum, the absence of caudal papillae and the ventral location of the
spinerette. OF the described species 7. oceanws Cobb, 1920 is closest to
T litroralis.

Scence My
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Trissonchulus quinguepapillatus n, sp.
(Fig. 42 ¥)

MEASUREMENTS
Patea specimeéns

Holotype niale: L = 5-83 mx ' 491 c = A5 s})lClllC\ == 65 1
Paratype male: L 6 57 mm: 131 b T l.a ~(>7, spicules = 62,
,\Ilntvm"f“emale' Uows 747) mm, @ = 179 h c 597 ¢ = BO, WV e 58 7

Castlechiff specimens
2 paratype males; L =
68; spicules = 50, 62 p,
Himatangi ﬁpcumcn ”

| paratype male; E == 3887 a = 116; b= 547 ¢ == 71 spicules == 100 u.
Birdlings IFlat specimens '
2 paratype males: L == 775, 7- 54 mmya w0 134, 125;
7 spicnles = 75, 72 u.

‘J:

ibes 54, 58; ¢ 78,

\4 ALE" }“"xtrcme‘lv ]arg: *vmamdes Lip region s‘ct nﬂ" wilh an irmer n"ng
(,,;pz.m_m? mxmunded Ty thcr: ]1p flaps. mth deumm along thcu ;,dgc;e_‘.
Each of the three pharyngeal reds bears a single, ontwardly curved, tooth
at its anterior end. Amphids cyathiform, Oesophagus basically dory-
laimoid, being modified to support pharyngeal rods anteriorly and more
g!andulw posteriorly. Cuticle with longitudinal ridges.. Oval hypodermal
glands oceur laterally from the oesophageal bulb to the cloaca. Tail short,
stout and rounded. Spincrette and caudal glands absent. ,
Testes paired, opposed;: outstretached. Anterior testis twice as fong as
pesterior. Spicules pmred similar and stont with proximal cephalation and
brunt tips (Fig. 46, ¥ (;ubemmulum simple, folded around spicules
{(Fig, 4n, £ P,rc’él:nenc;ﬂ :,upplc,mem:, not observed. Ventrally, at about
759, of tatl lengih a group of five papillae, one median and four ventro-
Tateral, is present (Fig. 46, ¥ slightly anterior to these 4 single median
papilla is present, and there is a suggestion of another a similar distance
forward. ’ ‘

lLM ALE: Shnilar o maE

Anterior gonad rudimentary, less than a. hnd\ width long: posterior
gouad outstretched. short, Cpudal ~}I.md:, tiny. less than an apal body
width long. Spinerctic small, opening ventrally in regton coniparable with
group of papillae in male, v
Tyre Looaniry: Patea Beach. Taranaki. N.Z2.M.8. 1, NT36, 046060, in
partly stabilised iron-spnd wnder Gmmophila arengria (1) Link. Altitude
10 m, 3¢ m imland froin high tide fevel,
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Or1rER Locaniries: Castlechiff Beach, Wanganui, in partly stabilised sand
under A. qrenaria.

Himatangi Beach. Manawatu, in partly stabilised sand under Spinifex
hirsutus Labill,

Birdlings Flat, Lake Ellesmere, in coarse sand under Desmoschoenus
spirafis Hook, I.

Tyee Sumes: All type material is in the Nematode Collection, Zoology
Department, Massey University.

DierereNTIAL DaGNosis: T guinguepapiffatus n. sp. is distinguished from
the other deseribed species of the genus primarily by the presence of the
group of five papillae on the male tail,

Apart from size, 1. guinguepapillatuy is similar to T, hnorahs' n. sp. |
general morphology.

Discussion: Schuurmans Stekhoven (1950) synonymiised  Trissonchulus
Cobb, 1920 with Dolicholaimus de Man, 1888 on the grounds that the
only difference between the penera was the tail shape, short, wide and
blunt in the former and long and narrow in the latier. Wieser (1953),
expressly, and Gerlach (1934), implicitly, have accepted this but Inglis
(1961) suggests that the genegra should be regarded as distinct since the
short-tailed species may be Turther united by the presence of two teeth in
dorsal sector of the stoma. If no other differences can be established
Inglis says the difference in the tail shapes certainly warrants generic
separation. This is not inconsistent with the corrent taxonomy of marine
nematodes. ,

In netther 7. guinguepapillatus v, sp. nor T, littoralis v, sp. were two
distinet teeth seen in the dorsal sector.

Cobb (1920) described 7. cceqins as having the inner surface of cach
of the six lips arnied with sgores of exceedingly minute, closely set denticles,
In bis figure he portrays six labial hps and there seem to be thiee lip-flaps
\ammunchnlg~ the oral opening, Examination of 77 littoralis n. sp. and 7.
quinguepapillatus n. sp. in tolo and en jace shows there are three lip-flaps
around the oral opening and the denticles which were thought to cover
the inner surfaces of these lips are in {act peripheral, When the pharyngeal
teeth are retracted the denticles on the more lateral portions of the lip-
flaps reach to near the base of the stoma, giving the appearance that the
whole interior to the stoma is covered by such denticles. The non-denticulate
portons of the lips are adjacent to the pharvngeal teeth wheon these are
retracted. This situation is comparable with that deseribed by Joglis (19615
for T° junerae, and may be typical of the genus.
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Familv ALAIMIDAE
Genus Alaimus de Man, 1880
Alaimaus himatangiensis n. sp.
(Fig. 5a-D)
MEASUREMENTS
Holotype female: 1. == 2239 mm; a == 35: b == 83, ¢ = 190" = 10-6;
Vo 37 4
6 females: L ¥
(83-97; ¢ = ’,O (,i? 23}, ¢ e f) (1 (8 7 ]O ‘f) V 32 ( L 33) 140
(1g-aste n
Ai[mypc male: Lo+ 205 mm; a0 623050 625 ¢ = 2650 5 spicules
= 19 . :

6 males: L o= 214 mm (5 =« 0-186) (1:85-2-30); a == 63 (5*7 68); b -
(51-77): ¢ = 26 (21 29“ = 305 (30-4-5); spicules = 19 p (17 j1)

FeMarr: Curved ventrally when velaxed by gentle heat, Cephalic papillae
and amphids not seen. Cuticle with indistinct longitudinal strive. Posterior
one=sixth of oesophagus forming bulb ('Fi,g, 5a). Rectum about one anal
body width lopg. Tall elengate, conoid, with fine point and curved
ventrally (Fig. So).

Vulva, at one-third body length, with cuticular and. muscular lines
extending trapsversely and anteriorly from opening (Fig. 5n). Anterior
gonad tudimentary, up to two body widths long; posterior gonad well
developed but detail obscure (Fig. Sn). ,

MaLe: Similar te female, Head of testis 3697 (34-38) of body length lrom
head and 607 (58-01) from cloaca (Fig. 3¢). Eleven to fourteen preanal
supplements  present (Fig. 3): Spicules straight, simple. Body strongly
curved ventrally from anterior most supplement. when relaxed by gentle
heat,

Tyre Locariry: Himatangi Beach, Manawatu, N.ZM.S. 1, NI48,
751323, altitude t meire. In partly stabilised sand under Ammiophila
arenariaq {1..y Link.

Tyee SLinns; Holotype {female), allotype (male), and 3 female and 3 male
paratypes are in the Nematode Coliection, Zoology Department, Massey
University, 2 female and 2 male paratypes are in the Nematode Colleetion,
Entomology Division, D8 1R, Nelson. Material collected from the
type tocality on 19 Mareh and 20 July 1966, ‘

DisrERLNTIAL DiaGNosts: 4. -himatangiensis n. sp. may be distinguished
from the other described species of Alaipias i which wmales are known,
except A. mult;papn’lmm Wi and Hoeppli, 1929, by the large number



310 NEw ZEALAND JOURNAL OF SCIENCE [MarcH

300uC,D

¥iG, S Alaimuy himatanglensiy ., sp. s. Qesophageal region. n, Male taif in lateral view.
. Male, o, Fermale.
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{11-14) of preanal supplements. 4, multipapiflotus is known from two
male specimens in which three distinet lips were observed. the oesophageal

ulb was two-thirds of the oesophageal length, the testis reached near the
base of the oesophagus and Tourteen, equidistant, pre mdi supplcmcnts
were present,

Alsimas primitives de Man, 1880

AN Alaimus sp. collected frem Himatangi Beach, Symmer Beach and
Taylors Mistake cannot be distinguisl hed maorphoelogically from A.
prinsitha, This nmicrml ties within the pubhshc.d ravge of 4, prmurrvuv
Himatangt specimens

13 males: L= 112 mm (0-78- 1 44) a w 55 (43-67); b = 53 (3-2-8 9);
e 1 {9216 ‘)J C zm Qo (¥ (,31'«, 5): spievtdes == I3 I (])15};46
suppiements. . '
7 females: L == 1-:09 mm {O R2-1-40); a0 o ‘3! {3760 b = 59 (4521
= 16 (9‘3-»‘12»9); P (6 -9 2) w43 (384T,

Genus lotonchus (Cohb, 1918 Altherr, 1950
{otonchus basidontus Clark, 1561

Three female and many juveniles of Jotonchus Tromy Birdlings (Flat
haveé been examined. The material showed some vasiatipn in the dwrce to
which the lip region was offsét and in spme specimens the pd})l”dﬁ were
visible in Lueral view. The stoma was similar (o that described for /.
basidontus. with the tooth apex at 75% of stoma length and although the
anterior edge of this tooth was not as smoothly coneave as that deseribed
by C Im’k the material is apparently mmpuuh( with it,

MEASUHEMENTS .

3 femalcs' !;.;f 20() {tail broken), 3:21, 304 mim; a == 59, 54, (32);
ww 51, 588, %1 ¢w (1’? 3, B2, 80, Y == #3603 07, 08 §5.0 a1

59-6 41-3; nn ; ( 19), 39,38 mm." ' :
A s,l,ngi‘c _;uwmle has been recovered from a sand sample from Taylors.

Mistake. :

Genus Mieonchus Andrassy, [958
Miconchus kirtkiri n. sp.
{Fg. <‘>A—{:)
MUASUREME 5 13

Holotype femate: L - 364 mmia =< 38 b = 491 ¢ = T-6; 79;
Vo TDHFS 1 taﬂ s (P48 mm: stoma == 57 ;36 2.
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,.paratyp«. females: L == :
691 e 85,96,V = b8 54,,7 w5 Ta 50 8 N 1all s () 4(}, 0 5\2 mm
stoma = - 54 < 32,57 < 3 .

Allotypc male: Lo== 320 mm: a == 37: b ==
spicules == 88y toil = 011 mum; stoma == 57 ® 32

2 male paratypes: L = 2-95, 3-03 mm; a = 37, 35; l S 6,4-5;¢ = 27, 28;
¢ e 16, 10T = 17, I8; spicules = S‘s BE u; Edll rrrrr = () H 0 1 mm;
stoma == 57 > 32, 60 x 37 &

Frmarn: Cuticle 3 o thick: finely annubited. Lip region slightly offset
(Fig. 61), with ihe usual two rings of papillae. Amphid aperture vbscure,
but amphidal pouch and sensilla pouch clear (Fig. 6B). Stoma ovoid,
moderately sclerotised, with three zlllls.rl()ll\/ directed tecth; the dorsal
tooth is the Lm,:,qi and the most anterior, its apex being at 779, (75-80)
of the stoma length (Fig. 68). Oesophagus surrounds stoma to middle of
dorsal tooth. Oesophagus essentially eylindrical with nerve ring at one-
fifth of its length (Fig. 5a); oesopbageal lumen broadly cuticularised.

Qesophago-intestinal valve tubereulate (Clark, 1960). Intestine tessellated.

Gonads didelphic and reflexed one-third of thelr length (Fig. 6a).
Sphincter between oviduct and uterus, No sperm seen jn spermathecae.
At germinal zone of ovaries cells haphazardly arranged. Rectum slightly
longer than anal body widih, Anal aperture a transverse shit, I Fail conoid,
slightly arcuate ventrally, with moderately pointed terminus (Fig. 6a).
Three pairs of cuticular pores observed on tail. Spinerette and caudal
glands absent.

Marge: Similar to female except as indicated below,

Testes paired; opposed, outstretched, Vas deferens enlarges to form
ejaculatory duct, and pre-rectum begins, at level of second supplement
(Fig. 6¢). Fourteen to sixteen preanal supplements, each with prominent
duet, present; supplement glands not seen. Copulatory muscles extend to
third supplement. Four glands He dorse-lateral to efaculatory duct (Fig.
6O as in M. reflexus n. sp., M. hopperi, Mulvey, 1962 and M. digiturus
(Cobb, 1893). Spicules paired, similar, slender, strongly arcuate and with
blunt tips., Gubernacnlum with broad Int:,r.ll ~p1‘0c~csﬂ..‘; fateral ac
pieces with simple bifurcation distally i Fig, 60). Tail conoid, venirally
arcuate und with rounded terminus, ‘all"hl ventral prominences on tail
are probably fixatien artifacts assoefated with muscle itachmentis, but
four coticular pores observed dorsally. Spinerette and caudal glands
absent.

Tyee Sunes: Holotype, allotype and 2 female and 2 male paratypes are in
the Nematode Collection, !nolm.\ l)epmtm«.m Massey Unmr ity. All
material collected trom tvpe locality 15 May 1966,
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Tyer Locarivy: Birdlings Flat, Lake Ellesmere, N.Z M8, 1, $94, 035200
in coarse, stable sand under esmoschopnus spiralis Hook £ Altitude 4m,
30 m inland from high water level.

IIEFERENTIAL INAGNOSIS: M. kirikiri b, sp. is closest o M. californicus
Mulvey, 1962 and M. reflexus . sp. The location of the subventral teeth
and the form of the tail distunguish it from M. californicus. The male of
A kirikirt may be distinguished from M, reflexus by its larger size
{2:95-320 mm of. 217-2:33), possession of 1416 supplements (M.
reflexus has 12 ar 13), the presence of a distinet pre-rectum and the simply
bifurcate lateral guiding piece. The females of these two species may mos(
readily be distinguished by the smaller subventral tecth,

Remarks: The specific epithet is derived from the Maori kirikiri (= gravel)
and refers to the relatively Large pariicle size of the substrate at the type
loeality.
Miconchus reflexus o, sp.
(Fig. 7a-D)

MEASUREMENTS

Summner specimens

Tahunanui specimens

A0 females: Lo 2-66 mmi (5 == 00 142) {2:36-2 81): a4 == 45(40-531: b == 57
(51600 ¢ = L7 (GO:8-143) ¢ o 57 (4 5-6-5);, Voo 100 rvz-agy
604 (57-5 62-5) 201 01t 1 fajl s 0023 mun (0 18-0-20); stoma == 43
{(30-43) % 25 24-27) . S ’
Allotype male: Foe= 233 mmza »» 5200 = $4; ¢ 295 ¢ =2 20; T
21-2; spicules == 67 p; tail = 0§ mm: stoma = 40 » 20 u.

AImales: Lo« 217, 217, 2219 mim; a == 47, 48, 30; b == 52,57, 52;
¢ 3036, 3 e = LTS, BT T 2 2008, 208, - spicules oo 61,60,
e gy tail w07, <00, (07 mm: stoma == 40 X 21, 35 < 21, 39 0 24 u.
Himatangi specimens - ,

2 females: Lo [-79, 2:22 mm; & = 33, 36; b == 46, 545 ¢ = 90, 92
¢ o 39 G0V v 3 608 TR 613 tail we 0-20,0-24 mm; stoma =
40 = 24, 40 ¥ 27 u, :

Castlechity speeimen

Pfemale: Tz« 247 mm; g »= 4 D e 6200 o B8 w TV s 0
563 w7 tail == 028 mm; stoma s 40 % 27 :
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Patea specimens

3 females: L=+ 2:22, 2:38, 2251 mm; a == 39,43, 43: b == 54, 6:0, 5-5;
¢ 85,85, 84; ¢ w5 62, T8, 83, Ve 587, 97533103 108587 100,
il s 026, 028, 0-30 mm; stoma vy AT 027 AT 27

2 males: L = = 39, 421 b e 409, 505 ¢ == 26, 27;

Fesack; Cuticle 2 p thick. with fing annulations and fine longitudinal
strige. Subecuticle finely annulaied and of similar thickness. Lip region
distinctly offset (Fig. 7n), with usual two rings of papillac. Awmphid
aperture about one-{ifth head width wide. Stoma barrel-shaped, heavily
selerotised with three anteriorly directed. teeth: the dorsal tooth is slightly
larger than the other two and its apex at 739 (71-79) of the stoma depth
is the most anterior (FFig. 70). Gesophagus surrounds stoma to middle of -
base of dorsal tooth. Oesophagus basically cylindrical with nerve ring at
one-ifth of its length (Figs 7a, ©); vesophageal lumen distinctly cuticul-
arised. Oesophago-intestinal valve tuberculate.

Gonads didelphic and reflexed one-third to one-half their length (Fig.
7¢). Sphincter present between oviduet and uterus. Spermathecae normally
contain sperm. At germinai zone of ovaries cells in single file. Epgs thin
shelled and 48 > 142 . (4060 > 110-202). Rectum aboutl one anal
hody width in length, Tail conoid, slight arcuate ventrally, with rounded
terminus (Fig, 7¢). Three pairs of cuticular pores obsegrved in the anterior
609 of the tall (Fig. 7¢). Cuticular annulations more apparent on tail.
Spinerette and caudal glands lacking.

Mare: Similar to female. Internal dimensions of stoma slightly smaller.

Testes paired. opposed. outstretched, with numerous sperm. Vas deferens
enlarges to form an cjaculatory duct slightly anterior to supplements
(Figs 7a. m), but no distingt prerectum has been observed. Twelve or
thirteen preanal supplements, each with an associated gland and duet;
copulatory muscles observed m the supplement range. Four glands lie
dorso-lateral to ejaculatory duct (Fig, 7). as illustrated by Mulvey
(1962 for M. hopperi Mulvey and M. digiturus (Cobb, 1893). Spicules
paired, similar, slender, strongly arcuate and with blunt tips. Guber-
naculum with simple lateral processes; lateral accessory pieces bifurcate
distally. the posterior element being curved towards the posterior (Fig.
8). Three cuticular pores observed dorsally on tail which is conical,
ventrally arcuate and with rounded terminus. Slight ventral prominences
on tail probably fixation artifacts associated with muscle attachments.
Caudal glands and spinerette absent.
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Juvisae: Similar to female, Tail in some specimens rather more pointed
than i females.

Tvee Suioes: Holotype, allotype and 14 femals, 4 male and 6 juvenile
paratypes are in the Nematode Colleetion, Zoology Department. Massey
University. 4 female. 1 male and 3 juvenile paratypes are in the Nematode
Collection, Entomology Division, BLS.LR., Nelson.

Tyvre Locaniry: Tuhunanui Beach, Nelson, NLZ.M.S. 1, §820. 593277, in
sand under Appnophila arenaric (L) Link, and Lupinis arberens L.
Altitude about 2 m. Collected May. August and Seplember 1963 by Miss
3. Kiilick,

Ormer Locarmies: Bummer Beach, Banks Peninsula, N.ZM.S. 1, Sk4.
092331, under 4. arenaric on gently sloping heach below extreme high
water spring tide,

Himatangi Beach, Manawaty, N.Z.M.S. |, NI48, 751323, in partly
stabilised sand under A, areparig. Altitude | m, 005 kor inland from high
tide Jevel, '

Castlecliff Beach, Wangzanui, N.Z.MS. 1, NI137, 511857, in partly
stabilised sand under A, gremariu. Alitude 6 m, 40 m inland from high
tide fevel, :

Patea Beach, Taranaki, N.Z.M.8, 1, N136, 040060, in partly stabilised
sand under A, arenario. Altitude 10 o1, 40 m inland from high tide level,

IneerrRENTIAL DiaGNosis: M. reflexys v, sp. is closest o A, californicus
Mulvey, 1962 and M. kirikiri n. sp. but may he distingwished from these
and all other described species of Miconchus by the posterior flexure of the
posterior branch of the lajeral guiding piece. Both males and females of
M. reflexuy may be distinguished from M. cafitornicus by the subventral
teeth which are much smajler than the dorsal tooth in M. reflexus but of
similar size in- M, califoraicus.

Rumanrks: Several mature specimens had oligochaete setac amongst their
qut contents :md,‘a juvenile contained both setac and dorylmimoid spears,

The Tahunanui specimens were processed by glycerine by Baker’s
method (Goodey. 1963).

Genus Mylonchuius (Cabb, [816) Pennak, 1953
Mylonchulus psammophilus u. sp.
_ (Fig. A1)
MEASUREMENTS

Jolotype male: L ow« D13 mons oo 2765 b == 37 ¢ = 23050 = |5,
s 247 apicules == 47 pidail = 048 mm; stoma = 16 < 13
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Fi, 8- -Mylpnghufus. psammophidns n, sp. A, BEntire Yenale: v, Entire pale. o, En fuce
view of lips, b, kn _f{g;;a view of stoma. v Lateral view of stora. £, Lateral
view of supplement region. of male. <. Latera! view of male tail. u. Laveral
view of female tail,
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10 mule pacatypes: L.o== | H mm (s = 0 I08) (1-00-1-34); a = 259

(2222298 b o 37 (35020 we 234 (20-0-27- 1) 07 e 15 (12-1-8);
T 24 2127, PlLUfw v A7 0 (A7-51) 5 tall e 048 mm (041--060);
stoma = I8 (16--20) = 11 (l()-ulfl@) .

Allotype female: L= I3 mmga = 256, b = 4Dy ¢ = 230; ¢ = 1.6,
Vowm 380 65 Sen s il - 05 mms stoma = 16 3 10 .

L1 female paratypes: o= Bld mm (8 = 0740 (098 1:33); a -~ 234
(243000, b = 38(3340)1 0 == 253 (6298 ¢ = 1S3
Vowa T8 (70 050 G (540 09) 188 (T8 Dy k) w047 mm (F038 -030);
atop = 18 (16-19) 2 1L (10-12) .

Mave: Cutiete | p thick, longihudinglly striated, with lateral fields oceupy-
ing about one-quarter body width and with faint to clear annulations,
Lip region moderately offset; fips distinee and papillae promineni: six
papillae of et ring and ten of outer ving visible i en faee view (Fig. 8¢,
1) Amphid aperture in form of trassverse slhit 6 x long situated about level
of dorsal tooth apex, Stoma hedvily selerotised, s widest point anterior
to dorsal 1ooth, and posterior 1o base of dorsal tooth stoma narrows,
Apex of dorsal toath at 10152 of stoma length, and a slight prominence
is usually present on its dorsal cduc (Fig, 81 In ventro-lateral sectors six
or seven rows of denticles are present but subventral teeth have not been
abserved. Dorsal stematal elements distinet but i ventro-lateral sectors
the anterior and postevior elements appear fused. Posterior one-third of
stoma embedded in anterior end of cesophagus. Oesophagus telatively
narrow with nerve ring ot abeut 35%. Qesophageal lining thin. Oeso-
phage-intestinal junction mm~tulwc,rcul.ne, ’

Testes paired. outstretched: anterior testis begins at 60% (36-64) of
total body lenpth, Ten or eleven precloacal supplements in addition o
adanal {Fia. B1). Spicules 4751 o long, areuate, off moderate thickness,
surrounded by o (7)) museular sheath anteriorly, tips blunt (Fig. 8.
Gubernaculum swaldll daterai guiding pleces distinetly notched terminally.
faib short, conoid, ventrally arepate, with dorsal and ventral pores
distally and sometimes two turther dorsal pores nearer closca (Fig, 8a).
Spineretie absent, (1 vestige of caudal glands present.

Femare: Smmilar o walke,

Gonads parred, opposed, reflexed, Valval opening o transverse shiv
Muscular sheath of tebraradiate viedva exiends one-third wav across
body and asseciated radinting muscles encompass two-thirds of body.
Oviducts ang spermathecas contarn sporm. Tail similar (o that of male
btk only distat p{‘wcw observed (Fig. 810,

Four eges mensured 36 20 84 g0, 45 0 68 45 2 90 e and 45 % 93
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JuvesNiLE: Similar to female.

Tyre Sripes: Holotype, allotype and 7 male, 11 female and 8 juvenile

paratypes are in the Nematode Collection, Zoology Department, Massey

University. 3 male, 3 female and 2 juvenile paratypes are in the Nematode
~Collection, Entomology ivision, D.S.LR., Nelson.

Tyer Locativy: Himatangi Beach, Mapawatu, N.ZMS, 1, NI48,
751323, in partly stabilised sand under Ammuophila arenaria (1..) Link. and
Desmoschoenus spiralis Hook. £, Altitude 1-0 m, 0-5 km inland from high
tide level. Collected 19 March, 20 August and 20 September 1966.

Oruer Locantty: Taylors Mistake, Banks Peninsula. NJZM.S. 1, S84,
127496 under Desmoschoenus spiralis Hook, £ Altitude -5 m, 20 m inland
from high tide level.

SPECIFIC DIFFTRENTIATION: M. psammophilus n. sp. is closest to M. sub-
similis (Cobb, 19217) which Meyl (1957) has redescribed, The males mav be
readily distinguished by the more curved spicules and the larger notch in
the lateral guiding pieces of M. psammophilus. In both sexes the gonads of
M. psapmophilus end o be shorter, the female branches being 7-16-7%
and the anterior most festis at 6090 of the tota! body length. compared
with 159 and 50% respectively for M. subsimilis. In the stoma ol M.
prammophilus 7 rows of denticles are usual, whereas both Cohb (1917)
and Mevl (1957) describe M. subsimilis as having six. Forther in M.
psanunophilus the anterior and posterior elements in the venlro-lateral
sectors appear fused, but are distinet in M. subsimiliy. The values of “¢”
for M. psammophifus (20-0-29-3) are considerably smaller than those
given by Meyl (1957} for mature specimens of M, subsinilis (30-42).

Mpylonchulus striatus (Thorne, ,17924)

Females of this species, which has previously been recarded from North
America (Utah and Ottawa) and The Netherlands (West Kapelle) (Mulvey,
1961), have been coltected from Taviors Mistake and Sumner Beach.

The specimens scem closer to Thorne’s description than either the
Canadian or Netherlands material. The cuticle has distingt transverse
siriae and the neck is slightly coneid. The stoma is similar te that described
by Thorne (1924). six rows of fine denticles being observed in all the
specimens, but no “refractive rings”. Ventro-lateral teeth small. Amphid
aperfure at level of base of dorsal tooth. The oesophagus, intestine and
gonads are as described, although in gravid females the amount reilexed
is less than three-fifths. Tn these specimens the museular vagina is orientated
somewhat obliquely. Anterior anal lip protuberant.



1967} YEATS -~ NEMATODES FROM Dung Sanns 321

MEASUREMENTS

Taylors Mistake specimens

6 females: L =~ 1535 mm {(1-43- 16T a = 262246298 b - 407
(3-77-4-30); ¢ == 422 385447 ¢ s B8 (O710:96); ¥V - 10
(133~ (3[)] {"’.0 {,]7) Ht'f’ ('I‘“B‘Iﬁ-l)‘- S{(H“Zi 23 {2224) g T()
{1012} n; dorsal tooth ap"x at 19% (1521} of stoma depih: amphid
aperture = 0 g (6-7): tail = D37 mum (032 043): cens 65 < 120
42 = 127
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STUDIES ON NEMATODES FROM DUNE
SANDS

4. DIPHTHEROPHOROIDEA*

By G, W. Yeatrest, Department of Zoology, Massey Universify,
Palmersion North

i Recetverd for publicarion 29 Novemnher 1968)

Sunurcary

Longibnfbopiivrg n. gen. s
phageal bulb about half 1o
laimophoray mm'u*muu: ¥

vected for Diptherophoridae with o non-pyriform oeso-
al length, L, rofendiconda v, comb (syn, Tylo-
15 the type species, .. awmnophitue no sp, s
distinguished by 1082800 847 pund and, apparemtly. by the possession
of 4 typical dmthuup W 'd spear; considesahle changes n dlagnostic characters occm
on fxavion, Trichodorins clarki n. sp. is distinguished from all other described «.pcg o5 hy
a marked oveddap of the oesophageal buth ventral to the oesophagus; the mate tail has
two precloacal ventromediar supplements within a bursa and o hitobed cloacal flaj.
41;1/} swhita grenarin (L3 'Link. is the type host for hoth L. emmephilae v, sp, and T,
clarks . 8P,

INTRODUCTION

The cuticle of Frichodorus spp. 15 k,,nm\f(xzswsll considerably m Tixative
(Seinhorst, 1934), and Clark (1963) imtroduced # special index “a™ to
supplement the de Man index “a” to reduce this vaciation. Thus a = total
length/greatest widih: a’ - total length/greatest width cxc}udmg ihe
cuticle.

Al measorenients in this paper have been taken from specimens refaxed
by gentle heat, fixed in T AF. and processed to glycerine by Seinhorst’s
methed (1 B. Goodey, 1963

Superfamily Dimtpgropnoroira Clark, 1961
Family Dienrieroesiorioat Thorne, 1933
Cienus Lovgilmibophora n. gen,

Dipbtherophoridae, Body contents very dense ang visible detall greatly
aflected by state of specimens. Spear with basai knoebs, anterior portion-of

“Material Jormerly held at X ¢ University I8 now dn the Nemaiode Colleetion,
Zootogy Pepurtment. University of Canterbary,
TPresent address: Department of Zoology, U niversity of Canterbury, Christchucch.

N B Kol J00 3229



1967] YEATES - NEMATODES FROM DUNE Sanns 323

veatral sector narrow, dotsal sector with distinet protuberance in ity
middle region. Guiding apparatus appearing YV shaped, under some
condittons. Qesophugeal bulb about half total length of cesophagus, not
pyriforn. Female gonads paired, oppesed and reflexcd. Males rare, spicules
slightly arcuate, ? gubernaculum absent,
Type specicq Tylolaimophorys retundicanda Paesler, 1953

vvvvv = Longititbophora ronndicaudy (Paesler, 1955) x. comn.

Other species Longibulbophora ammophilae a. sp.

iscussion: 1. B. Goodey (in T. Goodey, 1963) peinted out that the form
of the vesophageal bulb and spicules of Tvlolaimophorus rotundicondu
excluded it from Ty Jofaum:m'rwu; de Man, 1880, which Goodey synony-
ntised with Triplonctinm Cobb, 1920,

In his description of L. rotundicaude Pacsler (1955). stated that the
structural details were not clear and he does not describe the gonads of
either sex. L. retundicauda ond L. ammophtlae n. sp. differ in the description
of their cephalic regions, to a degree comparable with that between
Tylolaimophorus typicus de Man, 1880 and Triplonchivm cylindricum Cobb,
1920, 1t is considered, however, that the possession of an elongate oeso-
phageal bulb is much more hmdamenm] 1lhu1 the apparent dxﬁ‘erences in

spear and cephalie structures,

Jarajpurt (1964) does not concur mth Goodey's synonymy of 7plo-
leimapherus and Triplonchivey on the t,munds that Triplonchin does not
have the perioral cirelet of minutely mammiform papillae typical of
Tylolaimophorys, and the spear illustrated by de Man (1884) has little
resemblance to that of Triplonchium. Jdnamurl regards Tyvlolaimophorus
as genus ingrirendu in the Tyleptinac,

When L. ammophilae was examined, alive the hp region, spear and
associated structures appeared s in Figs e, B -Figs Is, ¥ portray the
typical form of the cephalic region of fixed specimens. Fixation has
apparently changed a “dorviaimoid guiding ring™ into a guiding structure
rather more lypical of the Diptherophoroidea, presumably by revealing
patterns in the wall of the vestibule. The swelling on the cuticle which also
occwrs on fixation supports the positioning of L. anenophiive in the
Diptherophoroidea.

in justifying his separation of &, rotundicanda from Tylojoimopioris
fypicus Pacsler (1955%) stafed that these two specics had in comman the
focation of the vulva and the enlargement of the oesophagus (o form a
psendobuib {Seheinbuibus), However de Man (1880) stated of 770 nypicus
“Oesophagus-enge an scinem Hinderende taschienformig erweiter{, ™ and
both Goodey (1951 and Thorne (1939) refer to a terminal pyriform bulb
i this species,

=
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- Longibuliophora ammophilae n. sp.
Figs la-G
MEASUREMENTS ,
Holatype Female: Lo== 0778 mm:a == [3-9; 4" = [73; b = 6:0; ¢ == 33-8;
\" s VU0 443 174 gpear = 18 41, :

2 allotype anlcx L &= 0775 mm (s = (0 142) (0-698-0- 847 a == 142
(13 5-15-8); a" = 16 (13 3-188): b = 57 43-77: ¢ = 356 (31-8-
423) Vome L6E {00220 451 (42.} 43,7) KITE- NG & B g); spear == 18 i
(17-18). ,

Frvace: Body stout and cylindrical, tapering stightly anteriorly. Cuticle
close fitting and with fine annulation, subcuticle with longitudinal striations
slightly inclined to axis. Lip region distinetly offset but no papitlac visible
in laieral view. In en fuce view, of fixed material, the outer ring in repre-
sented by ten tiny papillae, or possibly depressions, dnd around the oral
aperiure six tiny liplets appear to be present, one in cach guadrant and
two dorsally (Fig, 1a). Spear with basal knobs, a protuberant structure in
its dovsal sector and a simple ventral sector (Figs 1<, B). Arch-like nature
of dorsal protuberance only apparent in fixed specimens (Fig. 15), Guiding -
ring apparently dorylaimoid in live material (Fig. 1) but in fixed material
three “*cuticular plates™ apparently constitute a guiding strocture (Fig. 11).
Anferior portion of cesophagus slender, encircled by nerve ring and with
a spal! gland dorsal to it; posterior two-thirds of oesophagus in the form
of a distinct botuliferm (savsage shaped) bulb in which three ocsophageal
gland nuclei have been obseyved (Fig. 1¢). Normally only tumen of oeso-
phagus ¢ distinct in hxed specimens. Excretory pore about level al heginning
of oesopbageal bulb, Titestine granular in-appearance. Rectum obscure
(Fig. 1m) but ip fixed s;vccimetis about one-hall- anal body width long
(Fig. 1s), Tail short, roynded, withowt ¢aydal glands (Fig. 1)

Gronads, visible only in tizxed material, paired, opposed and reflexed.
Posterior genad typieally more developed. Reflexed portion variable
{Fig. 1wy Vulval opening pore-like. Yagina projects only one-third to
one-quarter of the way across the bodv. An egg in fixed specimen 79 20 36
i with finely sealptured surface. '

Maci: Unknown,

JuvesiLe: Shmilar to female except in the (oflowing respects. Secondary
spear tp may be present (Fig, 1) Ocsophageal bulb apparently pyriform
and rectum an anal body width long. in fixed material,

Tyew Stipes: Holotype and 35 female and 10 juvenile paratypes are in the
Nematode Colection, Zoology Department, Massoy University, Palmer-
ston North. 10 female and 4 juvenile paratypes are in the Nematode
Collection, Entomology Division, D.S.LR., Neison.
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el 3. AL B face view of fixed fermale.

¢, Oesopbagesn] region of live fenmle.
fuinale, £, Spear, and guiding apparatus,

G. Anterior gnd of fixed juveniig,

o

f iy

¥, Shear ¢
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Tyee Locarriy: Himatangi Beach, Manawatu, N.Z.MS. 1, NI4§,
751323, n partly stabilised sand under Admmophila arenarig (L) Link,
Altitude [0 m, 05 km inland from high tide level. Coliccted 20 July,
20 August, 20 September and 20 October 1860,

Seecirie DUFERENTIATION: L. @mophifoe n. sp. may be readily distin-
guished from L. rotundicanda (Paesler, 1955) n, comb, by its greater size
{0-698-0-847 mun for L. anynephilae of. 0-37-0-43 in for L. rotundicanda)
and, apparently by the form of the spear, there being no differentiation
between the dorsal and ventral sectors in L. rosundicauda. A preliminary
sketch of the anterior end of L. anumophilae, made at about one-guarter
of the magnification used in Fig. 1c, shows a spear similar to that iltustrated
by Paesler (1935) for L. grumaphilae.

Remarks: Longibuthophora aronophilae is not very abundant ar the type
tocality, About 50 kg of moist scmd were extracted by clutriation to recover
the type specimens.

Family TR,l‘(i‘I“IQI’)DRIL),»\E Thorne, 1935
Genus Trichodorus Cobb, 1913
Trichodorus clarki n, §p.

l*’ng 2A--G
MPEASUREMENTS
Holotype male: L+~ 0977 mm: @ == 14:6;0" = 208; b = 54.0 = 651
T == 6l: spear = 54 u; spicules » 67 o, .
14 male paratypes: L o= 08539 mm (5 == (121} ((-0633-1-093); 1 == 14:3
(10:6-19-2): o’ = 196 (138273, b« 61 (49-7.2); ¢+~ 4653 (352
67-10: 71 = 65 (535-72); spear == 32 p (47-56): spicules = 67 0 (63-70).
Allotype female: L=~ 0910 mm:a = 14058 = [%4: h o 47, ¢ = 228;
spear - 36 07 Vo 18 547 100 :
6 female mm!\rex Lo O ‘%‘\8 mm (s a2 () Ut)'?) {0-791- [-050); a - 149
(L9 ["m,a o 21 1( 51+ 7-M: ¢ o= 215 (198-203);
spear = 87 1.(3‘ SNV e "3" TR 53 3(51 9-34. .7)“““""'4*‘ 268

x

Mavp: Body eylindrical, apterforly tapered in oesophageal region, pos-
teriorly the dorsal surface is curved so tuil lies about on the ventral ling
iFig. 2m). Cuticle not obviously loose in life bul swelling on lixation.
Cuticle and subcuiicle finely annulated, Cuticle with Jongitudinal strine in
fixed, swollen specimens. Lip region about U 4 in diameter. Wide (¢ 4 ),
shit-like wmphid aperture ai base of iip region; amphidial pouches separated
from the ovord sensilfa pouches by constrictions (Fig. 2 ¢) Spear tvpical
of genus, 47530 1 long and surrounded by sheath of pt()trudor muscles
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(Fig. 2¢). Ocsophagus with ferminal glandular bulb which overlaps the
intestine. ventrally, to a marked degree (Figs 2A-¢). Excretory pore well
posterior to nerve ring. Cuticular pores and papillae not normally present
in oesophageal region, bur in one specimen two lateral hypodermal pores
appear to be present anferior to exeretory pore. No oesophago-intestinal
valve seen.

Testis single, outstretched, Mo distine ejacylatory duct. Spicules
paired, similar; proximally cephalated by shight constriction; almost
linear for proximal two-thirds and then flexed ventrally: marked by
transverse strige; (ips rounded (Figs 2¥, 6). Gubernagulum about one-
Gguarter spicule length. slender but distally thickened.

Twoe precloacal, ventromedian supplementary papillae present, both
lving within the bursa (Fig, 2k, G). In lateral view the hursa extends about
as far foward as spicules and does not extend posieriorly beveond cloacy
(Fig. 21, Distinet hilobed flap extending over cloaca from anterior (Figs
28, G). A pair of ventro-lateral caudal papillae sitvated slightly posterior
to the clogea. A pair of subterminal cuticular pores presen‘t,

FEmALE: Body form similar to that of male but body curved ventrally in
fixed specimens (Fig. 24) and oesophageal overlap slightly greater,

Vulva a longitudinal slit. Broad vagina has muscular sheath which
extends one~fifth way across body and its apetrture is supported by cuticular
pieces (Fig. 2oy, Uteri and sperm filled oviducts paired, opposed and paired
ovaries are reflexed about one-third way to vulva (Fig, 24). No hypodermal
pores ohserved in vulval region. Tail rounded; anus and a pair of caudal
pores subterminal (Fig. 2¥),

JUVENILE:, Similar to feruale.

Tyer Suipes: Holetype, allotype and 10 male, 4 female and 10 juvenile
paratypes are in the Nematode Collection, Zoology Department, Massey
University, Palmerston North, 4 male, 2 female and 4 juvenile paratyy
are in the Nematade Collection, Entomology-Invision, 0.8 LR, Nelson.
Tvee Locarry: Castlecliff Beach, Wangaoui, NZ.M.8. 1, N137, 511857
in partly stabilised sand under Apomophifa arenaria (L) Link, Altitude 6m,
4G m inland from high de level. Collected 2 June, 1966,

Specrrie DipperenTIATION: T, clarki n. sp. is readily distinguished from
all the previously described species of Trichodorus, except 1. porsus Allen.
1937 and T at/anticus Allen, 1957, by the presence of a flap over the
cloaca of the male. In I atlanticus this flap {s bilobed, as in T ¢larki,
however in T, porasus 1115 Bgured but not mentioned in the text, 7. clarki
may be distinguished (rom these species, and also all others, by the marked
overlap of the oesophageal bulb ventral to the intestine in both sexes.
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RI.MARKS‘ This species, the second rcprcwntatlw nl the genus to be
seribed irom Mew Zealand, is known Onh tmm the type locality wherc
moderately abundant. : -
The specigs {5 named alter Professor W, (“ (Luk the {irst full time
worker on plant and soil nematodes in New. Zk.d,]aud.

“Iudw» on € llll]}\k loridas a‘nd L,cpt,ornclndac ,(‘Nmmnor;la:: .
: Teprus. basiri o, gen,; n. 8p.. fmm lmiiﬂ. o
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lebende T
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U)N (:m Fric Lw/m s P m-mmm it ~p l\’ama u‘in:,Etmpﬁdal £
ih, .?S Hlf»# .
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nited
gion, Mew Zealand
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Uganda papyrus swamp soils by Banage (1964) and the same author
(Banage, 1962) recorded only Eucephalobus Trom a Briush montane
wmoorland arca.

FaMiLy CEpMasompAk (Filipiev, 1934) Chitwood and Chitwoed, 1934
Subfamily AcropeLiNnag Thorme, 1937
Genus Aerobeloides (Cobb, 1924) Thorne, 1937
Acrobeloides ellesmerensis n. sp.
o (Fig. 1 a-0) '
MEASUREMENTS ,
Holotype temale: L = 0:64Tmm;a = [§5: b oo 430w 1030~ 33
V‘ w 2%4 634, ' ,
pm«m pe femalesy Lo»= 0-609, 0369 nun:a = 196, 2260 h = 39, 3:8;
ST N B B B :52:9, 646,

Fesarvk: Cuticle with plain anmules 2:0 - 2-5 o apart; luteral field over
- greater length of body with four incisures, the outer two being crenate,
but in region of anferier half of (\unphdum and posterior to phasmid
aumber of incisures is reduced (Figs 1 p-v), Labial probolae with conical.
bases bul setose anteriorly: gephalic probolae simple (Fig. 1 ). Corpus
has clongate. spindle-like swelling; isthmus very narrow. Nerve ring
near base of corpus, Basal bulb distinet, valvate. Excretory pore and
hemizonid not seen. Tail coneid, slightly eurved ventrally and with non-
annalated, pointed distal portion {Fig. 1 B), Rectum ong anal body vnd*}
long. Phasmid at about one-third of tail length.

Vagina small. Posterior gonad reduced to tiny post-vulvar sac less than
ane-hall body widih long (¥ig. 1 ). Anlcnm’ gonad reflexgd once anterior
to vulva, iwice posterior to vulva (Fig. T A7 In all but germinal tip of
ovary cells in single file. ' ' '
Mare: Un kpo Wi,

Jovesigs Similar to femuie except that in a fcw ngumcn; {he tu’mtmlx
i slmhtl} mun(h.d

TYPE SLIDES; FHolotype. cmd 2 female and 13 juvenile par ,(,ypg:» are in
the '\lunamdc C nllucu()n Amu“iogy Department, University of Canterbury,.
Typr. Logarery: Birdlings Flat, Luke Ellesmere, N.Z.M.S. %%4. 035200
in coarse, stable sand under Desmioschoenus spiralis Hoak . Altilnde
4 m. 30 m inland from high tide level. Collected 15 May. 1‘)66

SPECIEC THPFERENTIATION: A ellesmerensis n. sp, may be readily dis-
finguished {rom all ather desertbed species of Acrebefnides, escept 4,
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rhornel Brzeski, 1962, by Ihc presence of setese labial probelue apd a .

paintc’.d tail in the female. A. ellesmesensisv muy be-distinguished from
thornei by the presence ol four incisures in the latc.ral fields of the

iormar and only two in the lateer, :

Acrobeloides syrtisus 1. sp.
- {Fig. 2 A~}

B
c R ——
: £ ‘ 0
bt '
pt
{1
r30,_u3[

¥ > ” i

F, 2 ac Coderoheioides syrtivis o, SPeA l'l)ud 01 'umk moi a(enﬂ ﬁdd in «munrm]
region. ¢, 1 atexal view of Temle-tall, .

MEASURBMENTS:

“Patga specimen’ - . , ,
Holotype female: L o= (376 mm; a = 144; b 308 ¢ = 16:3;
& LB Vi 3305 666, ' :

Castlecliff specimen

Pammuuiunal» Lo O 338 M. a4 s h 3 b o= 3 16 [ 1 AF SE N B

Vo= 710, I

Hmmhmu specimen

avtvpe femaler L = O 141 om:a v lb 2ib e 32400 = 1550 0 T8
S50 g 1 B

Fiemarg: Cuticle with plain annules, an average of 14;1 apart in-intestinal
region; Jdateral field- with five incisurcs, the outer ng being crenate,
where visible (Fig. 2 8, ¢). Labial probolae with rather conoid bases and
sctose anteriorly: cephalic probolae appear. simple (Fig. 2.3} Corpus
Spmd ¢-shaped: parrow isthmus about one-third as Tong as corpes and. ,
oneund one-thivd times as long as terminal bulb. Nerve ring near anterior
of* isthmus; hes mmmd «uﬂgcuﬂ o nerve ring, Excretory pore not seen.
Basal ousophageal bulb well-defined, valvate, Oesophago-intestinal valve




n
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troncated conaid, Intestine broad, thinswalled. Tail straight, conoid,
with non-wmuolated rounded distal portion and phazmid at ball’ as leogth
{Fig. 2 o), Rectum about one anal body width long,

Vagina small; volval dips lightly protuberant.” Anterior gonad 1y pical
of genus, with smali spermatheca and three flexures: cells in single file
theoughout. Posterior gonad not observed.

Marg: Unknown,

Juvenng: Similur to female.

Tyee Stvs: Holotype, 2 female and U juvenile paratypes are in the
Nematade Collection, Zootogy Department. University of Canterbury.
Tyer Locatry: Patea Beach, Turanaki, N.Z.M.S. [ N136. 046000, in
party stabilised tron sand under Apmrophiia arenaria (1) Link. Altilude
10w, 3wy inland from high tide level: Collected 2 June, 1906,

Oruer Locarrres: Castlechif Beach, Wanganui, N.ZM.S. 1 N7,
STIRST, in partly stabilised sand un 4. grenaria; altitude 6 m, 4() m
mland from high tide level ngl Beach, Manawatu, N.Z.M.S.
NI4s 751321 a0 partly stab s,d mud under A. gresaria; altitude 1 m.
03 kin mmnd from” hu_h mh i' Summr Beaf‘h Banks Pentnsula,
N.ZMS. |, S84, O"“-ﬂ! : vt spfzn«tldc in parily
\mhlhud \md under A, arens distake, Banks Peninsula,
N.ZM.S, |, 884, 12”49(} under 1‘){*59:(:., hoeniy .sp;m?fs" Hook, I dﬁ!(udu
F3 m, 200m injand trom high tide level, C

Srecteie DipppreNTiAnoN: OF the described species of Acrobeloides,
A, setosus Brzeski, 1962 Is clasest o A. sy s . sp. Both of these species
have setose labind probolas, five incisures in the lateral figld and a rounded
il in the femule, hut differ in the several respects. o A, L\,;Amksw Brzeski
(1962) described an excretory pore but not a hemizonid. 1o 4, syridsios
a hemizonid has been observed., but not an exeretory pore. Apart from
slight differences i the oesophageal region A. sereisus may be readily
dmlhgmshcd from A, seresys by the larger, rounded, non-annulated distal
portion of the female tail.

V
E
in

REMARKS; The specitic ¢pither is denved from e Lavp syrns (0 sand
bank?. '
' Genus Zeldia Thorne, 1917
Zeldia puinua n. sp.
' (Fig. 3 a-g)

MEASUREMENTS:
v Holotype fomale: oo 0840 mm:a w1790 b s 2297 ¢ s 3{3*5;(" LAy

Voo 2w 637 ‘ '
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‘% mm; a s 165, 150 b =29 33
730063 4 (The second paratype is

2 paratype females: 1. = 0-842, (06
5w 366, -l 00 e [0,
zonsideribly contracted.)

Femars: Body gently curved ventrally when relaxed by gentle heat
(Fig, 3 p). Orange colonred cuticle with annules about 3 w apart in in-
gostinal region: the annules bear two transverse raws of punctations and
these rows extend across lateral fields, although some punctlations appear
fused; lateral field with three incisures, the outer two erenaie (Fig. 3 ¢).
Labial probolae cach have a Jobe-like basal portion with twa sctose
projections : cephalic probolae thin, fap-like and acute with a prominent
“rooth’™ in each axil (Figs 3.a. m). Lip region one-guarter width of body
at oesophago-intestinal junction, Cheilochabdions distinet, prothabdio
abscure, mesorhabdions, metarhabdions and Aelorhabdions distingt.
Corpus cylindrical: isthinus relatively short, Nerve ring encircles corpus
at about two-thirds of its length and hemizonid and exeretory pore lie
slightly posterior to perve ring (Figs 3 o), Distinet vulviite vesophageal
bulb is separated from broad intestine by a rounded oesophago-intestinal
valve (Fig. 3 6} Rectum about one and one-hall anal body widths long.
Body markedly conoid in anal region and then slightly concave conoid
to blunt ferminus, Phasmid and details of lateral field not seen on tail,

~Gonad detail obscured by cuticular eoloration but double flexure in
postersor portion apparently not present.

Matr: Unknown.

Juvestie: Similar 1o female but, due to thelr presence in smaller numbers,
the punctations appear Lo form distinet longihndinal lines.

“Tyer Suioes: Holotype and 2 female and 14 juvenile paratvpes are in the
Wenmatode Cotlection, Zootogy Departmen, & niversity of Canterbupy.

Tyvee Locaniry: Himatangt Beach, Manawatu, N.ZMS8. [, Ni48,
731323, in partly stabilised sand onder Azmm}p‘;[ﬁz arvenarie (L.) Link,
Altitude B0 0-5 km inland from high tide level. Col: Ll."L.d 19 March,
22 April, 20 August, 20 Sepiember and 19 November 1966.

SPRECIFIG IIBFERENTIATION? 2, punud11. sp. may
other deseribed species of the genus by the possession of one simple and
two erenate ineisures in the lateral field, the twa transverse rows of
panctations on each annaoles and the short, u»nnul tafl with its bluni
terminus.

be distinguished fron the

5

Remakks: The specific epithet is derived from the Maori puna {
and refers to the predominance of juveniles in the material examined.

Secthm 12
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Cignus Stegelleta Thorne, 1938
Stegellota iketain n. sp.

, {Fig. 4 s-¥)

MEASUREMENTS: )
Sumner specimens
Holotype female: L s 0452 mmia »
V !;-;"""""1 624 i /, L :
6 paratype females: L. = 6:443 mm (5 = 0-026) (i) 418-0-480): o - 232
(20:9:26:7); b 38 (36 e 116 (10702 Dy ¢ = 36 (3 5.3.9):
Voo 820 (2550008 620 (596 73 F}‘):,‘ -
0: 40“\ ]

w:bananam~3@

Alletvpe.ale: E e
T - 56~3§§p.icula
2 paratvpe males: Lo 0 wl 0 423 Ry
xH&lM;vw}L?LTm‘
gubernaeulunt = «—, 10 g,

'h =390 ¢ 140; ¢l s 202
w10 2t e

w 244, 26G-5; b oo 34, 3-8,
w4 Cspieules s 1R, 18

FrMaLk: Body g‘l)tl\ c,unu.d ventrally when rda;xud by gentle heat.
~Coticle areolated  over whole lnngth o{ hody: fateral Itdd with three

iic ures; the outer two crenate (Fig. 4 ), hahmi pmbn ae Turcate, cdach
hr amh appearing finely furcdte at its txp i latera! view, (Lpimhg probolae
relatively clongate, rounded (Fig, 4 ¢. n). Anterjor pmtmn af oemphawx’
eylindtical. corpus and isthmus not distingt: posterior bulb somewhat

offset by distinet constriction (Fig. 4 A, 8). Netve ring, hepyzonmd and
eéxcretory pore not seen. Intestine broad, t]un walled (Fig. 4 a). Auterior

gonad well developed, with ye jon extending well posterior to

valva: posicrior gonad ‘by” post-viival sac about one body

width long (I m 4 a), Ialrm;.n*mg slightly. CLYITXH}U\ bl unt (Fi tg 4 r)

Matk: Simtilar to Tenutle in general form of body, fum single, ret L\\,d
(Fig. 4n). Spicules paired, similar, with slight head, tips pointed (Fig. 4 ),
Guberngeulum semi-cireular in swuon distally (1 ig. 4 ¥). Fail vapering
slightly, terminus blunt. )

Jevesys: Stinllar to female,

Tyee Supes: Holotype, alfotype and 4 female, | mnde and 12 juvenile

paratypes are in the Nematode Collection, )’cmlny*}f Diepartment, Unjver-

sity of Canterbury, 2 female, 1 male and § fuven are in the Nematode
Ceblegtion, En[nmolo;_\} Dvision, D.,f*a,.lgl{,; Nelson.

Pvee Locanry: Sumner Beagh, Baoks Peninsuls, N.ZM.S. 1, 884
(42331, under Apmoplile arenarie (1) Lmk on- gently Q]opmg he‘uh
hulnv« gxtreme high water spring tide (aih.'dud 1% MdV l‘)(yﬁ
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Orrer. Locavries: Taylors Mistake, Banks Peninsula, N.Z.M.S. 1,
S84, 127496, in partly stabilised sand under Desmoschoenus spiralis
Hook. .; altitude 2 m, 20 m inland from high tide level, Castiechifl Beach,
Wanganui, NZ.M.S. 1, NI37, 511837 in partly stabifised sand under
A, arenoria; altitude 6 m, 40 w inland from high tide level,

Sercwie DosrsrpymiaTion: The form of the I,abial and cephalic probolag
distinguish &, iketaia wosp. from all other described species of the genys.

Remarks: The apwmc epithet is derived from the Maori ;1«» { = high)
and tai (== tide). ’

Stegelleta tuarva o, sp,
(Fig. 5 a-43)

MEASUREMENTS]
Taylers Mistake specimen :
Helotype male: L= 0:697 mim; a = 83 baddie~ 55 ¢ = b
T s 62:7; spicules - 40 p; gubernaculum =« 24 p. -
Patea specimens R ,
Allotype female: L == 0-635 mm: o= 2125 b = 380 5= 2545 0" o 1062
Voow H105.69:2, , . ’ . ‘
Paratype male: L == 0-563 mm: a == 188 b 39: ¢ = 1410 ¢ o 195
T« 56-8: spicules == 36 w; gubernaculum = 21 &,
’mmnu specimen ,
Pacatype male: L = 0739 ming g 1T 20 b o= 480 ¢ o 16:0y 2 181
T 5583 spiculey -« 40 p; Q.uhumu.ulum w023

MaLg: Body gently eurved ventrally when relaxed by gentle heat. Cuticle
distineily areolated over whole lengih of body; latgral field with Hve
iingar invisures over greater part of body, the lateral fields begin ‘about
ihree head widths from the anterior and thrée incisures extend posterior
to the phasmid (Figs & ¢, ). Labial probolae broad branching near
their fips (Fig. 5 ©). 'Cephalic probolae low, rounded. (,‘orh‘us gxpanding

gradually, narrowing raptdlv.to the nerve 'r'mg. and isthmus {Fig. 5 m).
 Exerctory pore s slightly posterior to nerve ring (Fig. 3 n). (Jemphauml
bulb distinct, valvate and separated from by(md intesting by conoid
oesophago-intestinal valve. ' ‘

Testis single, reflexed {Fig. 3 »). Spicules paired, similar and slightly
arcyate with somewhat thicker eentral section; gubernaculum shightly arc-
vate and ventrally eoncave iy s distal portion (Fig. 3 %), Tail conpid,
ventrajly arcuate with one dorso-lateral and twe ventro-fateral pairs of
papillae; there are two pairs of preanal papilac, with spicular range.
Phasmid at about two-filthy of tail length. Unm! lips slightly protaherant,
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Femark: Single female similar in form to male but hndx mruut and tail
appearing deformed. ; v

Detail of anteciar gonad obscure, Posterior gonad tepresented by 2
post-vulva]'sac about one body width long, Rectum an anal body
long, ’ ‘

Jouvesue: Similar to Femalg, body sucugh( when relaxed, Tail as ﬁg 5,
Lateral fields obscure.

TYpe SLIDES: Huloty pe. allotype, dnd 2 male and 3 juvenile paratypes are
in - the '\.Lmatodc Collection,  Zoology Department, -University of
Canter mn\, o ‘ '

Tyer Lovattry: Taylors Mistake, Banks Peninsula. NZ.M.S, 1. 5%,
127496, -in ‘partly stabilised sand under Desmoschoenus spicalis Hon. [
Altitude 2 m, 20 m dintand from high tide fevel. C ollt,cted 15 May. l%() .

OTFER Ln( Alllllb ‘mmner Beach, Banks Peninsula, N.Z.M.8, %\4 L
092531; wmder Anunophila arenarig tL) Link. on gently siepmg bm;.h
h»hm extreme high water spring tide, | atea Beach, I‘mancxkl N.ZM.S. 1,
Nl‘-!(s 046060 in partly stabilised. iron sand undes A, urennrm, almudg
10 m. 50 m inland from high 11d¢. level. '

SPECIFIC Dmlmwmn(;\ Srugv//('m fugrid 0. Sp, mMay b\. dxmnuuls hed
from the olhcr spe,w:\ described in th gemis by the nature of the labial
plnbnlae And |lu m‘es.,nre ot five i umuures in the Lctc.ml field.

KEy. 10 128 Sprews ov Stegelleta

1. Cephalic probolae rounded 2
.~ Cephalic probolae not rounded 4
2. Labial probolae simply furcate 3
Labial proho!ae with more thmx 1 smgle dichotomy ‘ iketaig n. s,
3. Labi al probolae fork al about half their lenutl mcna {Thartie, l\,“")
Lahia! probolae fork well bevond half thelr Tength fuarug b, &,
4. Labial probolae Y-shaped. delicate . s hm‘atd {Thorne. 197“)
Labia] prohomc T-shaped o .
8. Cephalic axils dentate B .tr;zemmua Andrassy, H(L

Cephalic axils net dentate  eancellata (Fhorne, 1925}
Genus Acrobeles von Linstow, 1877
Acrobeles kntingotingqs n. sp. '
, (Fig. 6 A-G)
MEASUREMENTS? ' ,
Hototype female: L = 0-837 mmsa == 199 b 37 ¢ == 10:7,¢" = 2:6:
Vomm 428 6004, ‘
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il pamt)pc, females: L = 0-858 mum (s = 0-076) (O 785—0-935}; wow 17]
[9:9); b == 37 (34-40); ¢ = (23 J05-159): ¢ = 2.3 (2:0-3-01;
1) Bik-3 (3? >~-w67 3

4109 (38 740 )
/\Hmvpe male; L= 0 756 mmn; a - 184: b - 37 ¢ 12241 ¢/ o 20,

1 37-2; splculu = 36 i gabernacalum - 22 g,
5 pamtypc males: L = 0416 (s 0-944) {0-756-¢ 8(10'): a = [63
(146184 h = 3T (35400 c 7{124-146); ¢/ = '(‘1 4-2-01;
1 W [ (55 1-66-8); spu,uk,s e 8 " (36 40) Luburn.uuium 23 4.

Fl\mx E: Body robust. genily curved venirally whl,n relaxed by gun]c, heat
Fig. 6 ), Cuticle with anoules 23 ;oapart: lateral field basically with
, wm rather indistinct crenate incisures; each annule bears two trapsverse
rows of rather elongate pynctations w hich extend across the lateral field
(Fig. & L),lm somie specimens the actual annules are more obscure, and
the punctations in two rows buf much edarser, and their distribution in
the lateral fields less-regular. In these specimens there is @ suggestion of
a third incisure. Labial probolae furcité, each prong bearing two forward
sfoping branches (spurs) distally and eight to eleven triangular membranegs
on cach side {Fig. 6 a). Uephalic probolae have dentate gdm.x and «a
stinet toath on etther side-of the axils (Fig. 6 A). Nerve ring well forward
on isthmus, Basal (mophaé,uz% bulb well developed with distinctly striated
valve plates and prominent. conoid, uesophaguqntc«,tmul valve (P g 6w,
- Bxeretory pose and hemizonid not seen. Tail concave-conoid with phasmid
at about nn;-~1xth of” n» ]unuth (Fig. 6 ¢}, Rulum abeut one anal body
width long. '
Vulva a transverse slit with somewhat dematc edgre: vagiga extends
abvut one-third of way across body. Post vulval sac less than one-lalf
pody. width jong. Antarior gonad Lypical of genus with spermathecn at
anterior flexure and a double flexure in the : minal portion posterior to
the vulva {Fig. 6 o). Cretminal zone with cells in single file,

a4

Mavke: Similar to feinale o general morphelogy.. Testis with germingl
cone reflexed (Fig. 6 1) Tail conoid and weakly arcuate, Three pairs of
ventro-lateral, precloacal, setiferous pdpl”m_ ape pair within the spicular
rapge, ong’ ahbhu‘ anterior to K»pll.ll]l.‘b and ofie three anal body: widths
anterior to clouca (Fig, 6 ) Five pairs of similar pqpxlhw on iail;
ventro-lateral and a lateral pair slightly anterior to phasmid which s ar
one-third Ll kngﬂ and a ventro-lateral, 9 Jateral and a dorso-lateraf
pair.at aboot me—qudlius of tail leogth (Fig 6 n). Cloacal Tips slightly
protuberant. Spicules stout, sicklessh apud gubernaculum arcuate (Fig.
6D

Juvesiee: Similat to femate,
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Tyree Stwes: Holotvpe, altotype, and 7 female, 7 male and 9 juvenile
paratypes ace in the ’.\Ienmmdc Collection, Zoology Department, Univer-
sity of Canterbury, 3 female, 2 male and 2 uwmh: paratvpes are in the
Nematede Collection, Entomology Diviston, D.SLR., Nelson,
Tyer Locarsty s Castlechfl Beach, Wanganui, N.ZM. ‘» . NI3T, 311857,
in partly stabilised sand under Ammaphile arenaria (L,, Link, Altitude
6 m, 40 m infand from high dde level, Collected 2 June, 1966,
Orwire Locauis: Himawngd Beach, Manawaty, NZMS. 1L N4,
T54323, in partly stabilised sand under A, arenaria: altivude 10 m, 05 km
inland from high tide level, Birdlings Flat, Lake Ellesmere. N.ZM.S.
84, 035200, in coarse, stable sand under Desmoxchocnus spiralis Hook. l. ;
altitude 4 m, 30 i infand from high tide fevel,
SPECIFIC INFFERENTIATION: 4 katingotingus n, sp. s distinguished from
the other deserihed species of Aerobeles by the two weak, crenate incisures
in rthe lateral ficld and the two transverse rows of mthu’ dnmzate pncti-
{ions on cach annyle.

REmMarKs: The variation in the cuticular markings are apparently due to
neither scasonal variation nor o fixation, A considerable range of varia-
tion ovcurs within the specimens in a given sand sample and, in general,
specimoens trom Castleclilf samples are as shown in Fig. 6 8 but a few have
coarser markings whide the reverse is the ease fur samples from Himatang.

“The specific epithet is derived from the Maori kotingatingo (= spotied),

Acroheles myacpseneus . sp,
{Fig. 7 a1}

MEASUREMENTS:

Sumper specimens

Holotype female: Lo 478 mmia == 1430 b e 331 B2 ¢ o+ 320
Voo T 624,

7 paratype females: I., U 459 mm (425 0-488) (3 == 0 022): a - 146
37-153: b o= 32 (31343 =87 $L93)) ¢ « 29 (2-532):
Voo a3 (25000 6] 3 (5:}7,5,}4;

Allotype male: L -~ n-:mz mmy g = 147 b e 330 e 1003 ¢ = 202
T owe A% 70 spicudes = 22 4 gubernagulum == 16 4.

% paratype males: o= (0443 mm (0:394-0:473) {5 = 0:025); a =
(147-16:6); b = 31 (29-33); ¢+ 102 (92:10:9): ¢ = 2.3 (119-23
T e 461 (427491 spicules == 21 0 (192223 suberpnaculum == 1
HE 163, ‘

Faylors Mistake spc:cimcn
Paratype female: Lo 0479 mmg a - (300 e 3200 w0 B2 60 = 2
Yo k1 (}2‘3'
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Himatangl specimens , _ '
Paratype femaler L == 0431 a = 154, b= 35 0w 88 & =32
Vo 308 (,3\7.’ .
Paratype male: L= 0-421; a - 15:Q; b == 3:0; coan W08 © = 2005
T o 36:5; spicules = 19 ui Ulb\!‘ﬂdtuhlln <13 u, ’ '
‘Castleeliflf zpecimens

Paratype female: L= 0524 mum; a == !? 8; b
Vo 396624,

2 par;nvpc "’imilcs: Lo== 0418, 0448 mm; a
¢ = 116, )4 o e 20, 21 Ts

uuhxmmuium ae 1618

» 15:8, 184 b =
43.8, 49-4; Cp:cuks'

FemaLe! Budy gently curved ventrally when refaxed by geatlz heat,
Cuticle with unormianented annules 2:0-2:3 wapart: lateral field bdum ed
by two straight incisures and lateral field is marked by numerods small
punetations (Fig. 7 ¢). Labial probolac furcare.” spurs absent; u;.plmlm
' [)ﬁ)bﬂ]dé’ furcate (Figs 7 a. m). Inolateral view of head. dark cuticular
strugtures exfemd anterior o the LLph.lIlL probofae: in en free view, these
' »tnmt,urm(‘?. cheilorhabdions) appear to vonsist of two ¢lements (Fip. 7 w).
“ s tapering, widest point near ity centre: isthmus marked by trans-
e and vutvate (erminal bulb is jointed o broad intestine by a
conotd egsophago-intestinal valve, Nerve ring near anterior of istimus;
hemizonid adjacent to nerve ring: umctut y pore at three-quarters length
- of corpus, exeretory dmt distinet {Fi u. 7 a) Tail eoncave conoid with
-phasmid at about vanudrmr of ity h,uglh and terminal pon-annulated,
“peinted portion (Fig. 7 ). Rectum about one anal body width Jong.

- Anterior gonad well du.e}npui with spermatheca at anterior flexure
and extends twe body wislths posterior to vulva, one body width of this
being triple due o the two posierior flexures, Posterior gonad repres semed
by post- -vubval sac about one body width lorg,

MarE: Similar to female i geoneral morphology. Tests Siﬂg‘!c, reflexed,
Spicules paired, similar and stmply arcuate; gabernaculum  slightly
arguate mih distal pnr(t(m pmwhn" mzcwi to spicules (Fig 7 ®), Tail
ummd wmm Hy concive and ending in pomn,J non-aninylated portion.
Phasmid on anterior hall’ of tail. ‘Three pairs of setose pre-cloacal papiliee
present, one adjacent 10 cloaca, one slightly anterior to head of spicules
and ene shghtly more thau one spietde Tength anterior to Lhw (Fig.7 1«)
A porrof ventro-literal and a pair of dorso- lateral caudal papillie near
phasmid and a further ventroslateral pair and a dorso-l Lteral pair posterior
1o these (Fig. 7 ). o

JuvesNite: Simitar to female.
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Tyer Supks: Holotype, allotype, and 7 female, 7 male and 16 juveaile
paratypes are in the Nematode Collection, Amlnw T)c.pvntnmm Univer-
sty of Ldntcrbur\ 3 female, 2 male and 3 juvenile paratypes are in the
Nematade Collestion, Entomology Dmsmn, DS I1R.. Nelsan,

Tyre LocALrty: Summer Beach, Banks Peninsula, N.ZMK. 1, $84.
092531, under Ammophifa arenarig (1..) Link. on geotly sloping beach

below extreme high water spring tide, Collected 15 May; 1966,

Oruen, I,(}(m rrgs:  Tavlors Mistake. Banks - l’uumula NZAZMS |,
S84 127496, in partly stabil ised | sand undur :’)mm(m /mwzm spiralis
Hook. {3 altitude 2 m, ”u m nland from high tde lgw:l., Himatangi Beach,
Manawatu, N ZM.S. 1. NI48, 751323, in partly stabilised sand uoder
A. greagrin; altitude 1 () m, 0:5 km-inland from high fide lgvel. Castleclift
Beach, Wnngamu, NZMS. 1. N137, 511857, in pmrlv stabilised sand
nnder A, awnr'rm ulluu/ gm, 40m inland from high tide tevel,’

SPECIFG DIFFERENTIATION: 4. Inaeneenens . sp. may b distinguished -
- Fran A, uplza/an/s (Cobb, 1901) Thorpe, 1937, the only other specigs
dcw.ubu! as having pummm lateral fields, by the presence of nnh two
incistres 40 the lateral field, 4, cephalities has four.

RESFARKS: The specific cpuhu i5 derived from 1hc. M‘z-h‘)r,i nigeneene
(7» wl’ll(‘l"[h/

Acrobeles faraus n, sp.
(F

g 8 A-0)

g Mmu ke spcwmns ,
¢ Temale: T2 O 746 i ; aows JTQ0D oo 3000 o 102000 e b4

‘ f'pcvf'emulc: L= 073 mmia o J54rh = 3710 e [340¢ = Dy
\ 122*5) 6384 B ’

Allotvoe male: Los= 0-704 mm: &
T 36- 5 spleules - 34 g,ubundouium p o
3 paratype males: L= 0683, 0-721, 0728 mum; a - 2004, 190, 22,01
G339, 30w I3 IR Y ¢ 1D, 20, 220 T - AREL
37’-6,, 3’8-5, Picules < 36,36, 37 u: gubermaculam - 19, 18, 20 4,

‘ ’% pam[\v{“ mdlu- [; ()-6%4 0643, 0665, 0 = 19 8201, 208 b o= 38,
34, 39 e 11D, m et e 22,20 20 T *sx 5389 42.8;
spicules = 34, 31, 33 w: H“K«,‘ macplum = 09, "I A

Himtangi specimens o . ,
Paratype femnaics L = 0678 mm:a oo 1611 b = 3Tic e b LI S N
Voo A28 538,
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Fics, B A-C -~ Acrobelps faraus i sp. A, Fepnale taif, 8. Male il cOcesophagen] region.
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s 600, O (\‘»)-1 mms a = 155, 1830 |
; 32 ¢ e 19, 205 T e 41 I 2: spieules =
’lubv.rndculum i, e l*} s

36, 38:
31, lﬁ ;x,‘

Femack; Cuticle with mmummmn.d <mm1k* 25 g0 apart i intestinal
*dgu of ;mtcnm I? I8 annu!us thﬂLlh \.mtu"aud th,m

‘ F 1g, ’b o) me! pl obohw urca.u,, irmged hy tnmg .Lqr '
mémbi nes: eephalie probolac {ringed with tringular membranes byt not
Fureate (Fig, 8 ). Corpus eylin drical, posigriorly narrewing o werve ring
whicly is near beginning of isthos, ()esup[mw 1l bulb pyoid with distinctly
striated valvg plates. Oesophago-intestinal valve conmd. Exc Ory puore
adjacent to ‘nerve ring. Hemzonid not seen, Intestine broa
rather Tess' than an anal bod) width long. Tail ‘at first cvhmlmld thea
blantly conpid (Fig. § 4), o - ‘

Anterior gonad typical ol genus. Mth 3 ermathcca at ;miu"im' Aexure,
bur the distal tip-of the ovary normally fies posurml o theanus apd the
second and third fleaures ncLu m the andl region (Fig, § a) B
wmu! ts ropxc»cntcd b\’ W po»t wlmi : 'up Lo a hody width lon"

:[}Tlof

Tabr: Shwilar to fewiple in -mmml n nmhu ogy. Testis single and vefloxed,
!m{ fdat;"‘ ¥ w.hmt .‘)piculu p nx’cd sz;mkar and slightly uephal,uul

i 0 and phasmid at
18 prguio«.a[ pn. pilfae,

.;ne mn .uimcwt to rhc cle
sand one p,m m o Jﬁ(l a hdL
Two oy

Hove

: Slmnlm to t‘.mdlg i

; Tw}- ‘sz sy Holotyps, allotype. and 2 {emale, 7 male and 6 Juvenile
paraty in the Nematode Collection, Zoolopy Departwent,
sity ‘of Canterbury. 1 female. | niale and 2 juvenile paratypes are in the
F\ulmlodw “ollectipn, lmnmvls\Q Bivision, IXS.LR., Nelson. '

Tyvpr Im‘Mln. Faviors M!\ ai«c,\(ﬁ ks Peninsula. N, LM l',* S84,
127496, In p,ui}) btdbi fised sand under. moschoenys spi HGQL; f.
Altitude 2 m ”U nm mLmd from m_h lidc level, Coliccted 135 \’Lw 1966,

i ‘mxmc Beach, B'mlu Poninsuly, NZ M8, 1 884,
(Y2331, undu A iufa arenaiid (L )y Link. on gently ~Inpmﬂ l\mch‘
below extréme lnm \m\u speing tide, Himatangl” chh Mdndwutm
under Spinffex hivserny Labill. and undu D, sptralis.

SPECIEC INEFERENTIATION: L. fargus 1, sp. is readily distinguished from
the deseribed species of Asrobefes by the foriy of the anterior annules,

O LocaLy

Rccmm e
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nmlc tail (unldmmg the lm of thy ovary .md
’ll field.

the cyiindmid to conoid fe
the possession of three i munmcrs in the late

'le::vi‘z\,lm’,s: The »pamm gpithet is de n»»d from the Maorti targ (== rough),
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SANDS

6. DORYLAIMOIDEA.

By G. W. Yeares*, Department of Zoology,
Massey University, Palmersion North

{Received for publication, 20 April 1967)

Summary

.. The Tellowing new species; of which three are the Lypes ¢
am"i ﬁamui ‘7};1 n’rmmawa Wi !za}mcmm 11 ucn et 8P, 18 d
h

1l g

11 qp is known hnm lem'ﬁgs unlv amd is
ich 1s more conves dors Jiy than '\r,mlciﬂ‘\’ am has a
A it . .s Do mm Iong
und Closest |
almost twe

mﬂc‘ac imt l.ul wid ‘oral opening i nd a
&2+ 1 mm J(mg and is ¢ha
I),sml(z;

,bvd spccuva hv @ mc,u - hkn struct
ta the species of L@woircz’zm is given, N*fgafuzmzzv
rded from five coastal focat mes

et of mpﬂlm
ctus Heyns'ia

?dmﬂ) N&m)l mmmAL (lhnmc I%‘i) Mevi, ]%U

 Geous \hgul,nimus Cobb, 1913

,§'g(vl;m1us Ny ﬂro!zmnm] dlrecms Heyns, i press

, i idered to belong to this species have been. uoikuud ,
from the following localities: Patea Beach, Castlecliff Beach, Himatang!
Beach, Sumner Beach and Taylors Mistake. Fnchytraeid chaetae are
present in the intestines of many specimens,

Specimens cons

* Present address: Department of Zoology, University of Canterbusy, Christoburch,

N.Z.JI Sel. 10; T52-784
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Family 7 ArorceLAMIDAE Hevas, 1968
Gienus Torumanawa . gen.

Dorvlaimoeidea, Relatively larze nematodes. Lip region offset by
constriction. Six lipflaps extend over entrance to stoma. Amphid withous
sclerotised median support:s amphidial chamber undivided. Spear axinl.
with large aperture. Guiding ring simple. . Spear extensions simple.
Posterior endarged part of vesophagus dark, glandolay, obscuring gland
noclei. Three prominent glands at oesophago-intestinal junction. Oeso-
phageantesinal valve well developud. Tails of sexes simitar, short. blunth
rounded, Gonads  dorvlammoid. Vulva o trangverse sttt with hightly
cuticularised lips,

Type species: Tononanawa woliapuensis . sp,

Discusston: Toronanawd n. gen. is similar in general form o the Apor-
celaimidae birt 1s immediately distinguished from menbers of this fumily
v the presence of three glands at the oesophago-intestinal junction.
These glands, the ‘cardiae glands® of many workers, are characteristic of
the Nygolaimidae, The systematic position of this genus, and its implica-
tions are discussed elsewhare (Yeates, 1967).

The generic name is derived from the Muaor toru (== three) and mumaive
v and refers to the presence of three oesophago-intestinal glands,

Torwmanawa wahapuensis 1. sp.
Figs 1A, 8y 2a-3
MEASURE :
sSumner specimens
Holotype female: 1 == l-?2 mm: a4 o= 43 b 4T e 72 ¢ e 009

Yoo L0 G L gy 13
6 paratype r‘cma;le : = 1-69 mm (‘l"j'—’"l""’)) (oo O8I w3
(3344 b= 48 (38-5 ':) ¢ =e 83 (7293); ¢ o 07 (0-6-0-8); Y s 193

Lrma-is 7 49.8 (4!v8-~51 8) SRS gpear e 13 (12-14)
Allotvpe male: L= 1-87 nmmm; a == 4%\. b 50 ¢ 8Bl ¢ = 008

T e 23 50 spicules = 43 4 spear == 13 .
9 paratype mu]cs- Loss T3 mm (B47-1-88) (s = 0129 a0 40 (30-48):

b d8 (43530 o= 75 (6492) ¢ = O8 (0709): T 265
(205353 spu.ulus == 44 (42-47) ) spear = 13 0 (12-15)
Patea specimens

Paratvpe Temale: L = 1136 mm: g = 43 b« 44: ¢
00 Y23 spear == 2 g

Pavatype male: oo 179 mm; w420 b oo 460 =0 720 ¢ e 0B,
T s 20007 spicules = 43 u; spear == 13 p,

Castlecliff specimens

~J
-
ry
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Fii, b AnB Forminanaeg wafioprensis negen, ¢t sp. A, B Thotomigrographs showing
cwsophago-nie 1-:1:11 glands,

Parafype h,nmlw f?ﬁ. I 8’1 199 mm: 2t 33, 33, 390 byes 53,
45,52 ¢ ) SO0 D0 09V e IEESIO LS IR 558 a8
1 S2g IS ‘

Paratype males; I == [-8 l 93 mmya = f”s}, oo 49, 49; ¢ a0

37
= 44, 4 s spear w= 14, 15 .

T o 08, 095 T ,4 1 23-5; spicules
Birdlings Flat specimens

Paratype females: 1o~ 1S4 534 mm, o o 27, 2;, h e 4B, 450 0o W,
69: ¢ == X Q8 YV oae 50§33 R T80T I3 apear 12,13 4

- Paratype wale: Lo [81 mmy g 48 b 4 Q. o= 86 ¢ = 08
T o= 22-4; spicules < 44 o) spear - - 14 4, '

Femare: Body eyvlindrical. except for dislinet taper anterior to oesophageal
swelling, gently curved veatrally when relaxed by gentle heat. Lip region
one-half as wide as body at base of oesophagus. Cuticle with longitudina
markings (Fig. 2p): subcuticle finely annulated. Lateral chords granular,
with distinet lateral glandular bodies, each with pore. slightly wider than
granylar portion. Lip region angular in lateral view, offset by distinet
constriction; six distinet Jips and six delicate Tip-flaps vover opegning to
hexazonal stoma: usual inner ring of six and outer ring of ten papillae
(Fig. 2a, B). Amphids cyathlim . withour apparent sclerotisation or
division, aperture shit-like, one-third of head width long (Fi g 2a, 1
Spear aporcelaimoid, its aperture more than half its length (Fig. 2a).
Spear extensions simple, slightly more than half of spear length Jong,
Guiding ring simple. Af posierior of spear extensions oesophagus swells
to form a slender tube which accupies shighily more than half of the total
oesophageal length (Fig. 2n, k). Posterior bulb with dark, glandular cells
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Fig, 2 A~tTorumangva wohapuensis v, gen, et sp. AL Jin face view, B, Lateral view
‘ ofhead. C. Lateral view of vulva, D, Ventral view of vulva, E, Qesophageal
vegion, F. Tail region uf male. G. Tail region of female. H. Oesophago-

infesting! junciion, 1, Fntire male. J. Entire ferale.
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which obiscure oesophageai gland nuclet, but in a few specimiens there s
;m intdication of the dorsal nucleus less than a body width posterior 1o
the beginning of the buth. Broad nerve ting surrounds slender portion of
oesophagus slightly posterior to its middle (Fig. 2r). At oesophago-
intestinal junction three promineni glandular bodies are present (Figs 1A,
B; 2H). Ocsophago-intestinal valve cvlindroid, with conoid - posterior
portion (Fig. 200 0r, in a fow specimens, more trianguler (Fig. 1A, 8.
Intestine broad, thin-walled. Pre-rectum about two anal body widths long,
rectum aboit one anal body width long (FFig. 2a, 1). Tail short, rounded,
more convex dorsally than vertrally (Fig. 26).

Yulva o transverse shits lips lghily cuticnlarsed; vaging extemds half
WAy across hnd\. six vulval glands present on gach side (Fig. 2¢. D).
CGionads paired, opposed and re 1h,\n.n one-third way to vulva (Fig. 21).

B

Marr: Similar 1o female in general mnrphnl\m\ but tail curved ve satrally
when relaxed by geotle heat (Fig. 29. Laterat chords granuar, but wu[
little Jifferentiation of lwteral glandular bodies and vorresponding pores
.dmm Testes paired, opposed, outstretched (Fig. 20, Spicyles dorylai-

mojd, farcate latere! guiding pieces present (‘[lg_, 26}, Pre-rectum and
qmmmtory duct not distipet but at least six paired. gaculatory glands
present (Fig. 2r.1). An adanal pair and ventromedian scries of 24 (22-28)
supplements present, the latter with associated glandular bodies {Fig. 2¥).
Copulatory muscles extend frons just anterior w cloaca to Just anterior
w range of supplements,

Juvexie: Stptlar to female i general morphology, including the siructure
of the lateral chords, The spears for later stages observed had their
apertures dorsally diregted, ‘

Pype Seipes: Holotype, allotype and 7 female, 10 male and 3 juvenile
paratypes are in the Nematode Collection. Zoology Department, Univer-
sity of Canterbury. 3 femile, 2 male and 1 juvenile paratypes are in the
Nemtode Collection, Entomology Division, SR, Nelson. :

‘fypr LocaLTY: Summer Beach, Banks Peninsula, N.Z.M.S. 1. S&4,
092331, in partly stabilised sand under dmmophila arenaria (L ) k.
Below cxlrum high w: \ter spring tide. Collected 15 May 1966,

Orurr LocALITIES: Patea Beach, Taranaky, N.Z.M.S. 1, N{36, 0460060,
in partly stabilised ivon sand under A, arengria. Altitade 10 m, 30 m
inkand from high tide level. o

Castlechifl Beach, Wanganui, N.Z.M.8. 1, N137, 511857, in partly -
stabilised sand under A, arenaria. Altitude 6 m, 40 m inland from high
tide level. ’
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Birdlings Flat, Lake Ellesmere, N.Z.M.S, 1, 894, 035200, in coarse
sand under Desmoschoenws spiralis Hook. f. Altitude 4 m, 30 m inland
from high tide level.

Remarks: The specific epithet, wahapuensis, is derived from the Maorn
wethapy (= river mouth) and draws attention to the known distribution
of this species. The four localities from which it has been recovered are
adjacent to major rivers or, in the case of Birdlings Flat, a brackish lake
fnio. which a major river flows and may have been subjected to some
seologically sigmificant alluvial influence in recent time. At neither
Himatangi Beach nor Taylors MistakKe is such an influence apparent,

Family Avorceaiinae Heyns, 1965
Cienus Aporcelaimellus Heyns, 1963
Aporcelnimellus maitai n. Sp. '
Fig. 3a-¢

MUASUREMENTS:
Patea specimens
Holotype female: L == 1030 mm;a = 244;: b= 39;¢ = 3()~9: R -
, dip3 55@ :‘ée;fi_ )
& paratype females: L = 0926 (0-787-1-050) (5 == 0 {}‘?7} 255
206-31T 1 b 35 (3 1-39); ¢ 9 27-58 (24:6-30 9), ¢ 13 (T‘3/-ﬁlﬁ7};
Yo B1L75 \19)533(§ 4 3§,93~ain& G B}
Himatangi specimens
5 paratype females: L= 0883 {0-773-1-032) (5 » (:094); a = 249
(233265 b o= 36 (3537 00 344 (295-38 Ty ¢ o B2 (1011040,
YV oms 100102 518 (5(}.Q~,53.3) 11 £9e 202 4)

FEMALE: Medium sized nematodes, body gently curved ventrally when
relaxed by gentle heat. Cuticle with fine transverse striae; subeuticle inely
annulated. 45-35 glandular bodies, each with pore, present in sach lateral
chord. Amphid simple, shicld-shaped with sensilla povch Iying just.
posterior and lateral to postertor of spear extensions. Offset lip region
with six distinct lips; nsual inner ring of six papillae and outer ring of
ten visible in en face view (Fig. 38}, Oral aperture hexagonal; paster ior
pfaruen of stoma hexagonal in section (Figs 38, €} Spear broad, 12 u«
(11-13) long with aperture more than half #s lensth (Fig. 3p). 8pear
extensions stmple, half length of spear. Guiding ring pheate (Fig. 3p).
Dewpimgus ‘one-third body width wide anteriorly, narrowing to ane-.
quarter body width at nerve ring which surrounds it near its middie;
posterior bulb occupies balf length of oesophagus and is two-thirds body
width wide; oesophageal lumen cuticularised throughout (Fig. 3a).
No owoph.,lgml gland nuclei seen. Uesophaﬁoqnfcstiml disc absent:
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A, Entice female. B & g view showing
f w showing wmphids and oesophagus,
sophago-infesties] valve,
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oesopliago-intestinal valve small, globular (Fig. 38). Intestine commenly
deeply stained by vegetable material, Rectum about one anal body width
fong (Fie. 3aY; prerectura three thmes length of rectur, Tail gonond, more
comves dorsaliy than ventrally with slight concavity dorsally near it tip:
tip bluotly rounded (Fig, 351 '

Vagra exiends almest hall way across body; vulval opeaing pore-itke,
without eqticuloeised Jips. Gonads paired. opposed and reflexed one-thard
of way to vulva (Fig. 3a), A egg measured 34 > 87 .

Mati: Unknewn,

Juveniey: Similar o female in general morphology, Aneriure of sparce
spear dorsal,

Tyre Sues: Holotvpe and 10 female and 9 juvenie paratypes are m the
Nematode Collection, Zoology Bepartment. Unpversity of Camerbury.
3 female and 3 mvenile paratypes are o the Nomatode Collection,
Entomology i CDET R, Welson,

Tven Locanmy: Paten Beach, Taranaki, NS 1, N136, 046060 in
partly stabilised trow sand under dppmephida gienaria (1.3 Link, Aldmde
10 my, 30 m indand from bivh tdedevel. Collecied 2 June, 1966,

Oraer  Locas Him wh, Manawatu, NZMES 1, NS
751323 in partly sihised sa nd under A4 wrenana, Altitude 1-0m, 05 ki
inlond from high tide

bevel,

SPeCEIe DiyrpraNTianion: T
A, miaired snosp i1 ‘

Resmaris, Specimens from Himatangt have sighily shorter atls than
those Trom the type Joo acteristic (b shape (Fig. 38) is
basscally umti,w;i"ﬁ :

The specitic ep g Maor] maital (= won} and refers o the
iron sand formmng at ﬂ I: @z e’.:h at the type locabiny. , ,

In the dingoosis of Hevis {1965 clwmed that the
anterior part of the pharves, nesophasus, JP;\.“ILU hexsagonal in
en fire view. It E1'P§‘Jf:;1,f':\., fiwwwever, that the portion appearing hexagonal
is strictly ihe postenor ot the b‘iuma Ayl gpoar oF s exlensions arg
represented tn sectionss at this level, This may also hold for en Jace views
of other genera of the Aporcelanmidac. ‘

Aporeelainellus tayiori n. sp.
Fig, 4a-¢ :
MEASUREMENTS:
Holotype femade: Lo 20 mung @ == 28:0; b == 44 ¢ == S S VHEGEE B
Y os J004 40.g 203

Setene 11
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S0uA,C

¥, 4 ACo-dporeelaimellux faylori n. sp. A, Head region, B. Male tail region.
C. Female tai! region.

Allotype male: L o= 219 mm; a - 2815 b= 4d; ¢ = 535; ¢ == OB
T == 28-9; spicules = 68 u. ' , :
3 paratype males: L == 222 2:.24 2-25 mm; a = 30§ 303 364

31:3, 24°9; spicules = 60, 53, 64 4.

FrMmaLe: Body gently curved ventrally when relaxed by gentle heat.
Cuticle with fing transverse strine: subcuticle finely annulated. Lateral
chords granular, with distinct laterul glandular bodies. cach with pore,
no wider than lateral chords. Amphid simple, shield-shaped. Offset lip
Cregion with six distinet lips: usuai imner ring of six papiifae and outer
ring of ten visible in ¢n yuce view. Oral aperture hexagonal; posterior
portion of stoma hexagonal in section. Spear broad, 19 ﬂ long, aperture
more than half its length (Fig. 4a). Spear extensions simple: less than
- hatlf length of spear, Guiding ring plicate (Fig. 4A). Oesophagus expands
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behind gpear extension and is one-third body width wide until nerve ring
posterior to which there is a similar length one-guarter body width wide;
posterior bulb is glandular and occupics almost two-thirds of total
oesophageal length. No oesophageal gland nuclei seen. Ousophago-
intestinal disc absent ; oesophago-intestinal valve small, globular. Tntestine
:ummmcd cemr.’d compact mass of vegetable material, Rectum about
one aital body WIdth fong; pre-rectum two to three anal body widths long.
Tail coneid, more Lonvu\ dursaily thzm vel)tmﬂy, up bluatly rounded
(Fig. 4C). ’

Vagina extends almﬂst half way across body: vulval opening pore-like.
without cuticularised lips. Gonads paired, opposed and reflexed one-fifth
of way to vulva,

The hototype has sperm in its uteri but has two spears, both with their
apertures dorsal. ,

Maik: Similar w female in general morphology. 85-93 lateral glandular
bodies present in cach lateral chord, Spear 18-19 p.

Testes paired. opposed, outstretched. 11-12 midventral %upp]cmcntq
in a semicontiguous series and an adanal pair (Fig. 48). Ejaculatory duct
within range of suppiements. Copulatory muscles do not extend as far
anteriorly as the supplements (Fig. 48). Spicules paired, similar, dorylai-
- moid. Lateral guiding Fidw’» present. '

JuveniLe: Similar to female in m.ncra‘ mnrpho[ogy mciuﬂnu~ lateral
chords. Apertore of spare spear dorsal,

Type Stines: Holotype, .ﬁlﬁt} and 3 male and 2 juvenile paratypes
are in the Nematode Collectio Elm{nm Department, University of
Canterbury,

Tyre Locarniry: Taylors Mistake, Banks Peninsula, WZM.5. 1, 584,
127486, in sand undet Desmeschoenus spiralic Hook . Altitude 15 m,
20 m inkind from high tide level. Collected 13 May. 1966,

A tarlori 0. sp. may be readily distiﬁg_n.ui:eh:’:d
from all described ‘species of Apercelaimefius, of similar size, except
A. seinhorsti (Meyl, 1957) by the position of the vulvic (V== 49-8), spear
fength and tail form. A. seiehorsti 1s close W A, taplorl, but has . spear
aperture about half the tofal spear length and the nerve ring at 35%
oesaphageal lengthy i Ao faviori the spear aperture is almost two-thirds
of spear length gud the nerve ring is in the first guarter of the ogsophageal
lenyth, '

The disiribution of preefocal supplements is similar to that ithustrated
for A, ofsouruy (Thorpe and Swanger, 1936).

SPECIVIC IIFFERUNTIATION:
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Family DoryLAMIDAE de Man, 1876
Subfamily DorRyLANMINAE (de Man. 1876) Filipiev, 1918
- Takamangai n; gen.

Dorylaiminae. Moderate sized nematodes. Lips distinet, Lip region
set off by LOI]‘XT]‘l(.UUn Cuticle with faint lonvuudma[ markings: sub-
cuticle finely annulate. Amphidial clmmbcr not divided, without support.
Oral aperture round. Spear axial, aperture more than half its length.
Guiding ring without sclerotised fixed ring, anterior margin plicate.
Excretory pore present. Slender anterior portion of oesophagus without
swellings; busal bulb dark, glandular. Oesophago-intestinal valve present;
both .mophd"n-mtumm' glands and oesophago-intestinal disc absent.
Vulva a transverse stit, lips u‘uculaimd Tail short.

Type sp : Takamangai waenga n. sp.

DIS(”‘USSIC)NZ Takomangai n, gen, has many leatures in commeon with the
Aporcelaimidae Feyns, 1965 but differs from them, primarily, in the
pdsﬁ;e“inn'ol‘ a circular orad apertuee, Thus while Torumanewa o, gen.
suggests the derivation of the Aporcelaimidac from a nygolaimoid-like
- stock, Takamangal supports the modification of the apoteelaimoid form
1w produce the Dorylaiminae, Of the Aporcel aimidae, Aporcelaimellus,
with i3 hmamnal oral opening and axial spear, seoms closest to
Tokamangar, : '

Iy Nyvgolaimus {(Nygolainus) directus Heyns, Torumanawa wahapuensis
n. gen. et n, sp. and Takamanga waenga n. gen. et n. sp. the pesophagus
tacks any smudl swellings on the anterior, narrewer pmnnn and this may
“well represent the primitive condition,

Records of the presence of an excretory pore in the I)m) aimina are
rare and Clark (1962) recorded 1t as absent or rudimentary in 1111\ suborder,
Cobb - (191¥) - estabhished the existence of an excretory pore in
Mononchulies  ventealis (Bathyedentidae) and Chitwood & (_‘hvilwoc-d
{1940} record its presence in Prionciuduy auscorwm (Monoenchidae) but
Clark (1960} did not record it in his redeseription of the latter species,

- Among the Dorylaimoidea the presence of an excretory pore bas been
fiemly established in only (;'(m-.vp)d ra Cobb, 1920, the sole genus of the
Campydoridae as amended by ajpurt (1964). The preseuce of an
apparently functional exeretory pore. in- Tukamungai, o genus which is
considered to represent g fairly carly stage in the evolution of the Dory-
id;numu (Yeates, 1967) and in- Mo;zon,(.,/m/ms, a representative of @ group
which seems at the base of alt ,1')(,»A:,'y|a'i,n3.i1m. suggest 1L 18 a latent character
of the suborder.

The generic name is detived from thu \'Ianrt faka (== round) and

mrangai (== mounth).
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Takamangai waenga n. sp.
Fig. Sa-~#
MEASUREMENTS , : ,
Holotype female: L == 1-39 mm; a o= 23:4; b == &35 ¢ = 568, ¢ = 0-8;
R 15 R N
5 paratype females: L == 1-47 mm (1-32-1:62) (s == D-060); a = 24-4
(03284 b = 403 3-47); 56:2 (48:-8-61-3); ¢ o 08 (0709

C
Vo beT s 130 §8.4 (5’}.24584’) 1R (114 Ty

Femare: Body gently curved ventrally when relaxed by gentle heat.
Body widest tn volval region, taper most marked in rectal regton and
anterior to nerve ring. Cuticles with faint longitudinal markings; subcuticie
{inely annulated. Lateral chords granular, without lateral glandular bodies
or pores. Lips distinct, with vsual inner ring of six and ouler ring of ten
papillac (Fig. 38). Amphids simple, undivided, unsupported (Fig. 5¢).
Oral opening round {Fig. 3p. ©). Spear axial, its aperture slightly more
than half’ ity dength: spear 17-18 u long and simple extensions §-11 w
fong (Fig. 5c, 1), Guiding ring simple, plicate anteriorty (Fig. Sin.
Posterior portion: of stoma appears roughly bexagonal in en foce view
(Fig. Sp). Qesophagus expands posterior to spear extenstons and is of
stmiar width wntil it expands to torny the dark. glandelar posterior bulb
at about hal( its length (Fig, 5a, 11). Neeve ring broad, surrounds narrow
purtion of oesophagus at two-thirds of its length. Excretory pore distingt,
ventral to nerve ring (Fig. SH), Qesophago-intestinal valve globular
(Fig. Sa). Intesting broad, with central, compaet, dark food mass (Fig,
Sk, 1) Rectum about an anal body width long; prerecium two o thrge
anal body widths long (Fig. 5a, ). Tail short, convexly conoid, tip
rounded (Fig. 36). -

Vuiva stightly post-cquatorial, extending hall way across body (Fig. 54).
Vulval aperture o transverse slity valval lips cuticulansed; 10 or 12 vulval
alinds present on each side (Fig. 38, ¥y Gonads paired. opposed and
reflexcd hall way to volva (Fig, 5AL.

Mavr: Unknown.

Juvessee: Similar to fersale in general niorphology. Aperture of spare
spear dorsal. ‘

Tver Spngs; Holotype and 4 female and 4 juvenile paratypes are in the
Nematode Collection, Zoolopy Department, University of Canterbury,
Tyre Locavity: Tavlors Mistake, Bunks Peninsula, N.Z.M.S. |, S84,
127496, in sand uvnder Pemoschoemus spiralis Yook, . Alutade 1-5 m,
20 minland front high tide level, Collected 15 Muy, [966.
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ReMarks: The intestine of all specimens contained a dense central mass
of vegetable material, In a juvenile remains of diatoms were evident.
Of the Aporcelaimidae apparently only Aporcelaimellus is vegetarian, the
remainder feeding mostly on oligochaetes, and this coupled with its
hexagonal oral aperture suggests some degree of affinity between the fwo
genera, Whether this is dug to common ancestory or convergence js
uncertain,

The specific epithet is from the Maori waenga (-
to the intermediate position of the species.

< middle} and refers

Genus Labronema Thorne, 1939
Tabronema rikia n. sp.
Fig. 64-p

MEASUREMENTS
Himatangi spechmens

Lo 1:B4 mm: a

Holotype fe
Yoo 35 588 202
Allutvpc male: L=
T == 33:3; spicules
A paramm males: L
b= 42 (31 49)
34 ]) gpicules «:
Castleclift specimen
Paratype lemale: 1
kY 196 §7,6 402,
Pates specimen
female:
87 5(," J“L'vlg

206 mm: a e
48 4.
1-82 mm(l \3 20()) (s O 17‘3)“1 3%(31-4?2);

Lo 1196 mun: a e 35; booe d3: oo 78 ¢ o ()7

Body genily curved ventrally when relaxed by gentle heat,

e lL lhld\cm,d towards extremities, with fine fransverse striag, Lip
rwmn distinetly offset, angular, about two-fifths as wide as body at base
of cesophagus; lip flaps inarching over entrance to stoma; lips with usual
inner ring of six papillag and outer ving of ten. (Figs s, 1), Amphid
aperture shield-shaped, almost half width of lip reglon wide. Lateral
chords one-fifth body width wide; lateral glandplar bodies, with pores,
no wider than lateral chords which have g«,ncml granular appearance,
Spear 28 (27-29) w long, slightly longer than width of lip vegion; apertul‘ﬁ:
one-guarter of m length (Fig. 60). Guiding ring appears double. Spear
ssophagus expands posterior to spear extensions and
18 6 *und body wxdlh wide for shghtly more than half its luu.lh dorsal
phageal gland nucleus clearly visible just posterior to bpgl,n,mng of
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Fii, 6 Al Labronema riki view m up-t B, Ametior poction of
ogsopaagus. C. F emaie fatt, D Male tail rog gion, :

oesophageal bulh. Nerve dng avabout 709 of !cxmh of anterior portion,
Oesophago-intesiinal valve basically hemispher ical with conofd termina)
portion projecring into intestinal Twmen, Intestine with thick, “darkly
stained wall; prerectum two or three bedy widths long and rectum one
and a third anal body widths Tong. Tail short, bluaily reunded, with two
prominent subterminal lateral pores and three fine dorsal pores (Fig, 6n).

Yaging' c,\lutm hall way across hudy Vulval lips with uticular pieves,
Utert containgd xpu m. Ovaries reflexed. two-thirds of - the distance 10
the \'ll‘\'d ‘

\[\H %nml.lr Lo umale in general morpholegy, including the 11:11‘(:[;'11'

chords with pores, : ' ' ‘ '
Testes paired, npp(md oulstretched. Ejnculatory duet not clearly

differentiated. but prerectum three or four body widths long (Fig. 6.
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Supplements consist of an adanal pair and, beginning about a body
width anteriof to then. a contizuous ventromedian serigs of 24 (23-30)
supplements, Within the supplement range are ducis of four prominent
‘eiaculatory duct glands’, and copulatory muscles extend slightly anterior
to supplements (I* ; ém. Spicules typical of gepus, 55 (48--63) p long,
Tateral munding pieces present. Ne lateral submedian papillac. Three fine,
midventral ducts oceur between the adanal supplements and the more
anterior contiguous series: similay midventral docts also oceur anterior
to the supplements (Fig, 6p). €
fine ducts present on the short,

. rounded tail.

Tyee Siwes: Holotype, allotype and 2 2 female and 5 male parotvpes are
in the Nematode Collection, Zoology  Department.  Uwaiversity  of
Canterbury,

Tyer Locatvey: Himotang  Beach, Manawaty, N.ZMS 1, NI48,
731323 o partly stabilised sand under Ammophila arenariv (1) Link.
Ajtitude 1-0 m, 3 km Inland from high tde level. Collected 19 March,
22 April, 20 August-and 20 September, 1966,

(')TH!‘R Locanirms: Patea Beach, Tarapaki, NZM.S, 1 N136, (36060
in-partly stabilised ron sand noder 4. grenaria. \lmudc 10, 30 m inland
from high tide level,

Castlecltll Beach, \Mmu‘uuu NZMS, 1, NI37, 311857 ,in partly
stabifised sand under 4. arenarig. Alitude 60 m, 40 m ialand from
high ode lovel,

Sercipte DiveresataTion: Although /1. rikia n. sp. may appa’yrmﬂy, be
distinguished trom the other deseribed species of Lafroneme by its Jc'n'c:'l’h'
a4 moch nore reliable eritereon for dixl'inmnshnw it rom species Sh‘f‘h
in the form of hoth the lip region and the tul i the pfmc\\smn of n spua;
in which the aperture occupies a ooui unu-c;mrtc of the length. In
Labronema spp. the spear gperture is typicadly o thivd (o a ball’ of the 1otal
“spear length, butin 7 wiforme Thore, 19391 is only one fifth,

Reararks: Ludwie (1938) Tound the spicade length of Riahditis teves
could be varied by varving the compostion of the culiire medium,
The main purpose of the spicules, 1t 1s thought, iy to hold the vulva open
o allow transference of sperm and, iy some s, the spicales mav act
spermn ducts”. Tor purposes such as this ule length 15 probably
not crivigal although gertain criteria must be met, On the other hand the
spear, or styvlet, is an essential part of ibe feeding mechanism of many
nematodes and it is probable that spear Jength, in 50 Far as it is intimately
comnected with many factors. of macro and miero-morphology, 15 a

as

audal papillae apparently absent but three
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highly adaptive Tactor and thus should be more or less constant for a
given morphological pattcri,l {.e. a species). Indecd in the Tylenchida
species are often readily distinguished on the basis of spear fength. These
considerations s.}pport the inclusion in L. rikie of specimens whose
spicule length varies from 48 to 65 p since the varigtion in spear langth
(27-29 p) 1s scarcely slgmnt..mt,

The intestines of many of the type spuimem are deeply stained and
gontdin what appear to be algal cells. ) ,

The specific epithet is devived iromm the Maori riki (;_-,-, :,n'fa,H),.

Genus Discolaimus Cobb, 1913
Discolaimns arenicolss n.-sp.
o i'?igs ’?,—\-C '

MEASUREMENTS !
Holotype female: L = 258 mm: a = SI 6, b 4 5; ¢ =925 ¢ o (-85
Vo 77 470 7 gpear == 26
3 p‘mtype fenmlr,s L == 2-14, 2:01, 2!6 mm; a =419, 41-1,-52.7;
b= 40,41, 44, ¢ == 82, 84 R(p ¢ o R, 080, 8 Voo 1A 50 B8
47 & ¥ 49 5 ®90 spear = 26, 25, 22 .

Frumarg: Sody gently curved ventrally ‘when relaxed by gentle heat.
Body of uniform width over most of its length, tapering mainly posteriorly,
Cuticle smooth, subcuticle with faint transverse striae. Lip region disc~Jike,
Jips rounded (Fig. 74). Lip cﬁi()n one and one-third times as wide as
head constriction and 75-80%, as wide as the body i the region of the
- oesophago-intestinal valve. Spuu length 23 1 or two-thirds widih of
lip region; spear aperture one-haif spear length. Spear extension about
one and seven-tenths times length of spear (Fig, 74). Amphid apertures

each one-third of width of head constriction wide; obscure. Guiding ring
appears simple, Abput 35 u behind base of spear extension a small
‘trfangular cuticularised piece (mucro) is present in the subventral wall
of the anterior portion of the pesophaeus (Fig, 78). Oesophagus swells
suddenty in region of middle of spear extewsion, extends backwards as a
slender tube with (two distingt xmllmg,a {Figs 7a, ©) and expands suddenly
to produce the main mus»ular portion which represents two-thirds of the
total fength of the oesophagus. No membrancux sheath observed around
terminat bulb, Broad nerve ring encircles slender part of oesophagus at
wosthirds of its length; no hemizonid seen but commissure present
(Fig. 7a). Ocsophago-iniestinal valve cordiform, its width about one-third
“of the eorresponding body width. Rectum mmhth tonger than anal body
width, Tail conoid, rounded, slightly more strongly curved dorsally,
with three pairs of candal pores (Fig. 7n). Lateral dmrd.\. one-{ifth body
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Ao Discobaimiues arenicelus o, sp. A, Arterior pection of ges

;}bﬁ‘xagus. B. Lateral

view of female tal, C. fntire femate.

Fra, 7
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body width wide; porgs of 120140 Iateral glandular organs present on
each side. ‘

Vulval opening a teansveese slit; vagina extends one-half way aecross
body. Gonads paired. opposed and reflexed one-third of way to vulva
but detuils obscure (Fig. 70).

Mat i Unknown,

i g Similar to female in general Torm but differing in the following
‘respects. A seconddry spear is present in the second swelliog of anterior
portion of vesophagus and the mucro absent. The dorsal oesophageal
gland duct was visible Tour-fifths ¢f corresponding body width behind
aesophagzal expansion. 8593 hneral glandular ormm present on gach
\ldC of the body.

"I“\V'Pt“ Suaprs: Holotype, 3 female pamtvms ‘and thrée fuvenile paratypes
are in the Nemarode (.oﬂsglmm Zoology Denartmem University - of
Canterbury. : -

Typr Locarrry: Castlechtl Beach, Wanganui, N.Z.M.S, 1. N137. 511857,
“in parily stahitised sand ander Ammophiic arenaric (L) Link. Alitude
6-m, 40 m indand from high tide level, Collected 2 Jung, 1966,

Dippugesmal Inacxosis: Digcolnimus arenicolus 0. sp. may be dis-
tinguished from maost of the described didelphic species of the genus which
Chave an appummauh equatorial vulva, by the possession of g Jip region

758 ”., as wide as the width of the bm vin the mumn of the Oeaophmro-
mtestinal valve. The pressnes of a»mum o does not seem 10 have been
Crecorded in any other species of Discolaimus. 0. arenicolus may bo

'i-l;irsti'ngu:ieéhed most veadily from D, bicorticns Furstenberg and Heyns,
1966, B, fevinge Fursienberg and Hevas. 1806 and 1 kruner? Furstenberg
and Heyus, 1966 by the possession of veunded lips: the body is more
abeuptly tapered i D, arenicoius thaw in these other three species. D,
arericofus may be distoguished from £ fenay Siddigh, 1964 by its longer
spear (25 poofl 14 1“ e for DL renax) and the value al " {R2-92 ¢f. 4041
for £, thm) ‘

RHHM\‘;“ The presence of a mucro in mature specimens i a position
wiar o !lmt pegupied by the secondary s sear 10 juveniles suggests that
the wero may vepresent the termingd secretion of the gland responsible
for the production of the spear, Jairajpuri apd Goodey (1966) used the
presence of a mucro i o fentative chiracteristic for distinguishing
Metador plaimgs Jairajpurt and Geodey from Ewloryiainmy Andrassy, 1939,
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Genus Discelaimivm Thorne, 1939
Discolatminm sabufi n. sp.
Fig. 8A-
MEASUREMENTS:
Himatangi specimens
Holotvpe female; Loss 179 mmiza o 430 b = 35 ¢ s 744 ¢ = 080
Vose 334 00

2 paratype femalga; L o= 190, 2212 mm; o = 388, 48:2; b 46, 44;
¢ = Boed, 5897 0 w0 U8, 106V == 612 194 {gravidy: 60-8 +=
Allotype maler Lo 73 0m: a o= 50-3; b= 381 ¢ v 6607 ¢ == 079

T e 220 spicyles e 49

3 puratype m;lle,s': Lo BSE o mm (887-2-10) (s = FOSIY; a .= 514
{44 |56 &) w 3B A3 242 ¢ TRO (66-0-88-2); ¢ s 076 (0’?
D83 T iS T (12'(;»;22-0_'); spicules == 48 ¢ (45-52).

Castleclty '»'.'pccimcn : ,

b muvpv_ female: o= D98 mmsa = 4720 s 3600 TR2:¢ == 0:76;
Voo 5602 %7

Femane: Body. eviindrical, somewhat tapered aptenondy and  almost
Cstraight when relaxed by gentle heat. Cuticle smooth, subeuticle with
fine annulations. Lateral glandalar organs about 80 an each side, obscure
in regton of gonads. Lip region with six distinct fips cach with a single
il dis\t\ ctly oftset and shightly narrower than adjoining body

g, Ouier ring of papillae not observed. Amphid apertore
uiw.un,d by lips but about half head widih wide. Spear (2 u long, its
aperture slightly move than balf its length, both dorsal and ventral surfuces
distincily convex (Fig. 8a), Oesophagus with slight swelling beginning in
region of spear extension. then a shightly sarrower section before the shim
evlindrical portion which suddenly expands mte o typical muscular bulb
which occupies almost two-thinds of vesophageal length (Figs 8a. ),
Broad nerve ring encircles parrow pavt of ocsophagus slightly posterior
to its mitdle. Dorsal oesophageal gland duct opens into cesophagus less
than a body width posierior 1w “oesophagenl expansion. Qesophago-
intestinal valve cordiformy (Fig, 8¢ Intestine broad, thin-walled; rectum
abouat oue and a guarter apat body widths long (Fig. 8¢). Tuil umlm”mlv
rounded with two luteral papillac on each side (Fig. 8n).

Yagina sloping posteriorly; anterior gonad reduced to u sac, commonly
sperm-filled. 2-3 anal body widihs long, posterior gonad reficxed at least
half way 1o vulva (Fiz. B, A miature se measured 147 % 38 5,

Marg: Similir to female except in the following respects. Whee relaxed
by gentle hear tail curved veatrally, Muscular bulb of oesophagus shorter
relative to anterior portion (e.f, Figs 8¢ and €},
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Testes paired, opposed, oufstretched and containing abundant sperm
{Fig, 86). 3picules dorviaimold, obscure lateral gu.idi,ﬁgpiece& present
{Fig. 8p). An adanal pair and five or six Vmﬂ,romediaxx supplements
present, their range extending anferior to that of the weak copulatory
nyuscles (Fig, 8i).

Juvenmg: Simular fo female but for four specimens from Himatang
(L == (796, 0-960, 0-268, 1111 mm) ‘b had the following valies 2-29,
2-46, 2:28, .53,

Tyre Stipes: Holotype, allotype and 2 female, 4 male and 7 juvenile
paratypes are in the Nematode Collection, Zovlogy Department, Univer-
sity of Canterbury, 1 female, 1 male and 3 juvenile paratypes are in the
Nematode Collection, Entomology Division, D.S.LR., Nelson,

Tyre Locary: Himataongl Beach, Manawatu, N.ZM.5. 1, N148,
751323 in partly stabilised sand under Amumophila arenaria (1) Link and
Desmoschoenus spiralis Hook £, Altitude 1-0 m, 0-5 km inland from high
tide level, Collected 19 March, 22 April and 20 September, 1966,

Orwuer Locavrrms: Patea Beach, Taranaki, N&Z.MS. 1, Ni136, 046060
in partly stabilised iron sand under 4. grenaria. Ahitude 10 m, 50 m
infand from high tide level, ' -

Castlechiff Beach. Wangdnui, N.Z.M.8, 1, WN137, 511857, in partly
stabilised sand under 4. grenaria. Altitude 6 m, 40 w inland from high
tide level.

SprrciFtc ENFFERENTIATION: 22, sebufl n. sp. is readily distinguished from
D, smithi (Heyns, 1963) and D pmﬂi’smm wn Timm and Bhuivan 1963,
the only other opisthodelphic species described in the genus, by the
larger size of the prevulval sac. In both £. smithi and D. pakistanicum
the sac is about one body width long whereas in D, sabuli it is at least
2 body widths long.

Remarks: The specific epithet is derived from the Latin sabulum (= sand).

Crasselabium 1. gen.

Drorvlatipinae. Lip region offyet, lateral ips each with two thickenings
i ihelr ouler portion, Spear imy!mmmdi spear extensions sumj e,
Desopbagus dordaimedd, Spieules doryvlaimoeid. Supplements comprising
adanal pair and contiguous ventromedian series. Tails of sexes similar.

Typc speeigs: Crassolabium gustrale n. sp.

Dnscussion: Crassolabivm Js characterised by the presence of paired
thickenings in each lateral lip and their spatial separation readily enables
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specimens of this }‘7(51!153 to be separated from others such as Pungentus
hy “optical sectioning”. Perioral cuticularisations are known to oceur in
several Dorylaimoidea {e.g. Pungentus spp. and Dorylaimellus spp.) and,
- although in lateral view (Fig. 95) Cressolabium appears stmilar to these,
the en face view (Fig. 9¢) clearly distinguishes it.

- The generic name is. dvmed from th«, Latin ergssus (== thick) and
Ir,?bzum ( = lip). : o

Crassolabiom australe n. sp.
, Fig. 9a-1
MEASGREMENTS
Himatangi specimens
Holotype female: L=+ 1 118 mm; a == 26:6; b = 3:9; ¢ == 55; ¢’ == 0-§; ‘
Vw10 55 1605 : e
7 paratype females: Lo=s 1056 mm (0-916-1-321) {5 = 0-121); a == 24-6
(22:1-26:6); b= 39 (34.44); ¢ o= 54 (44-66); ¢ = 08 (07 0-8);
Vom 190U E LGS 58] (535,87 7) 150 0T seaen), :
Allotyvpe maler L= 1200 mm: a = 28:7; b= dd: ¢ 87 ¢ w08,
T+ 30-7; spicules = 36 u,
7T patatype 1’11;’1’!»:,. §. »»»»» : 108G mm (G 93! 1 ”0]} {5 = 0-089): a = 259
-3 Iy 40 (”44) 54 (47-37); con 08 (0809
3 ‘\DILUIC‘- == 36 4 (34-38). :

Paten spammm

Paralype female: Loe= B513 rom; a == 309 b= 43 ¢ == 63; ¢ = 08,

Y o 5249, ’ »

pzxr‘ilype males: Loox 1025 1209 mim: a = 27-0, 31:8; b = 35, 41
= 40, 33 ¢ 0 8, 0 9, T o= 3102, 415 spicules == 36; 35 . -

(,L)‘sha,n,lnf' specimen i

Paratype female: L= 1408 mm; a = 241 b= 37 ¢ne o ) Vo 100
) 54‘() {1.1’ ‘ . L

Taylors Mistake specimens ,

Paratype female: L= L1 mm; a = 208; b o 36 ¢ o= 53 ¢ o= 08

Vo 1§72 4R :

Pa,mr\ p» ma.c 1

= 1:11% mm; a h 2 305 ¢ 475 ¢ e 08
- 30 g

FIWTAU‘ Budy'u}lmdrxcai dnd slm}'th curved ventrad Iv when refaxed by
sentle heat (Fiz. 98), Lip region one-third as wide as body at base of
ueaoplw.m (uucic sinooth, subcuticle finely annulsted. Lateral glandular
bodies distinet, about 40 on each lateral chord. Lip region angular in
Interal view, st off’ by distinet constriction; six distinet lips, lateral lips
each with two - thickenings in their outer portion and ghoost twice as
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large as dorso-lateral and ventro-lateral lips; only six papillae seen in
each of inner and outer rings in en fuce view (Figs 9¢, ¥), Amphids broad,
shield-shaped (Fig, 9p), aperture obscure, bm about half head width wide.
Spear slender, dorylaimoid, 19 (18-20) p long, often appearing slightly
concave ventrally and aperture about one third of its length (Fig. 95).
onar extensions tubular, egual in length to spear (Fig, 9n). Guiding ring
d;hc v,' appca rmg slmph, {)csnphdﬁ 5 ,(1 slendar tubu ‘[‘vr ‘;"li“htly more

Nu‘\'e ring qmmunds :,hmd@r pnrm)n of oemphdt_u% a* l\w thlrds oi ity
Jength, - OQesophago-intestinal valve obscure but projecting into antetior
of intestine is conoid structure apparently with tubercles at its. base
(Fig. 9¥), Exireme anterior portion of intestinal lumen poorly defined;
posterior to this intestine is dark brownish-yellow, the colour fading
posteriorly, Vegetable material present in intesting. Rectum about one
,uhai"'bodv width long: Tail shc)rl; mu,nded, wore convex dorsally than
~ ventrally (1:';; 9H), / o , -
Vulva a transverse slit opening into a lghtly cuticularised .:mtw

sagina extending hatf way across body ( z. 9G). Gonads npw,.!lly paned
opposed, r<.l1u;u but in a gravid specimen the anterior, gravid, gonad
© 15 outstretehed (hg. 9R). An egg measured 26 x 88 p, :

Mars: Cumml morp]mlm similar 1o that of female, but tail curved

ven tmll\ when relaxed by gentle heat (Fig. 9a). Testes paired, opposed
, mustr\,tchnd Spicules dorylaimoid, lateral guiding pieces absent (Fig. 91).
An adanal pgm anJ d, wnlu:uul fe s ut 13 (II 14)

ter ,smg_u, h;, ,urmo 1a tuml m mc antu’un ()CS(‘PthUS mth tnur
sintral, -

allotype and 8 female, § male and [4 juver
atodc ¢ ﬂl]u,tmu [nolog.,; Drepartment, Univer-
are in the

pafn,'at / ¥
sity of Cantc:bm y. 3 fomal
Nematode Collection, Ento x,numg.

2 male and 4 juvenile paratype
Y ,,)ms,mx L, I2.5.0.R., Nelson,

Beach - Manawatu, N.ZM.8, 1, N148,
d sand nnder  Ammopalle grenaria (F ) Link.
rom. high tide level. Collected 19 den,
st and 20 September 1966,

angt Beach, Manawatu, in sand under Spin/
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Patea Beach, Taranaki, N.Z.M.5. 1, WN136, (46060, in purtly stabilised
iron sand under A. arenario. Altitude 10 m, 33 m inland from high tide
level.

Castlechff Beach, Wanganui, N.Z.M.S, 1, NI37. 511857, in partly
stabilised sand uader A arengrie. Altitude 6 m, 40 m inland from high
tide level.

Taylors Mistake, Banks Peninsula, N.ZM.S, 1, 384, 127496, in sand
under Desmoschoenus spiralis Hook. f, Altitude 1-5 m, 20 m inland from
high tide level.

Juvenile specimens. apparently conspecific with O\ australe 0. sp., have
been recovered from couarse sand under . spirafiv at Birdlings Flag,
f.ake Ellesmere. A single juvenile specimen has been recovered from
below Trifolivm subterrgneum L. growing in Hokio strongly mottled
sand 25 ki infand from Himatangi Beach, by P. J. Wigley.

Subfwmily ACTnoLAMINAL Thorne, 1939
Genus Dorylaimellos Cobh, 1913
Doryisimellus tahatikog n. sp.
Fig. 10A-F
MUEASUREMERTS
Himatangl specimens

Holotype female: L == 1030 mm; a = 2604 b = 45;¢ = 469; ¢ = 0-9;
\/‘ v LB 55<3’ 'L'»‘-J"

3 paratype females: L« G-820, O f)l%‘i’ 0-997 (’gm\id) mm; a = 213,
236, 203 b 34, 4l $6 ¢ 43 7, 553 ¢ s e, 0‘9, 0-8:
Vo V90§47 1,4»4:; 18-1 57. % Tf!-S. e 56 {}l

Paratyne male: Low== 0945 mm; a == 2360 b o= &4 0 = 41015 ¢ 2 D09,

o d42:8 splmxl = 33 p,

Pates spectimens

Paratype female; E = DASTmms g o= 203 b s 467 ¢ o 5510 ¢ = 009

\f",:l‘é§:}4"l .

Alforype male: L o= 1183 mmy, a4+ 3220; b« 5:0; ¢ 2439, ¢ = 1-0;

T - 30-4; spicules == 38 .

Taylors Mistake :pecimem

2 pdmtxpu females: L= {145, 1163 mm: a =~ [91, 2.4, b = 47,43,
= 49-7, 416 ¢ = O 8, 09, V-~ 227 532 450 150 34 7!

Femank: Body cylindrical, shghtly tapered anteriorly. t pgree of twisting
of body variable. Cuticle smooth, subcuticle finely ani lated. Glandular
hodies of lateral chords not visible in most speeimens buf conspicuous
in others and 34-38 in number. Lip region typical, = Tset by marked
coastriction, two-fifths s wide as body at base of vesop agus: outer ring



778 NEW ZFALAND JOURNAL OF SCIENCE [SEPTEMBER

Y, 10 A-Fo-Darviaimellus tafiatikus 1, sp. A, Qesophageal region of fixed specimen,
B. Lateral view of head showing amphid aperture. C. Female tail.
3. Male tail region. B, Entire formale (iixed). F. Entire male {fixed).
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ol ten papillae visible in laferal view (Fig. 10a). Spear 1112 p long,
three-quarters width of lip region: spear extensions composed of short
anterior tube-like portion and posterinr portion with radiating flanges;
extensions itwice as loug as spear (Fig, 10a), Distinct guiding ring present.
Amphids pocket-shaped, apertures almost encireling head (Fig. 10w),
Distinet sclerotised platelets near auterior limit of stoma (Fig. 10a).
Hemizonid and cierctory pore not seen, '
Qesophagus expands into clongate bulb just behind flanged spear

extensions, then parrows and continues as a nen-muscular tube to 309
Yof its length where it expands to form the posterior swelling (Fig. 10a).
Posterior oesophageal swelling appearing to have spirally marked sheath
i fixed specimens, Lumen ol posterior ocsophageat swelling strongly
cuticularised. Dorsal oesophageal gland nocleus near anterior of posterior
oesophageal swelling: two pairs of ventral oesophageal gland nuglel
distinet; gland ducts visible as interruptions in coticularisation of oeso-
phageal fomen (Fig. 104), Oesophago-intestinal valve ovitndroid with
rounded tip, Details of intestine not clenr. Rectum about one anal body
widih long, Tail short, coneid, with rounded tip (Fig. 10c).

Yulva postequatedial, ppparently nearer middle ol body i longer
\pk.( irpens. Yagina extends hall way across body. Gonads paired, opposed.
reflexed, Utert contain sperm and sphincter mnscles probably present
{Fig. 10g}. AB cgg measurad 30 < 71 o,

MAr

Sirptlar to female in general morphology.

Posterior portion of body curved ventrally when relaxed by sentle heat
(Fig. 10¥). Testes paired opposed, outstreiched. Spicules very broad
proximally with an abrupt ventral angle (Fig. 10p). Distinct [ateral
guiding pieces present furcate distally. Supplements consisting of an’
adanal pair and a more or less contiguous veptromedian serics of fon i
the only gm)d specimen (Fiz. 10p). Prerectum, ejaculatory duct and
rather siemoid ¢ folatory muscles extend slightly anterior to seppleraent
range (01, :
Tyee Sipes: 1
paratype are in the
sity of Canterbury.
Tyer Locarrey: Himatangi Beach, Manawatu, NZMS 10 NU4E,
754323 in partly stabilised sand under Ammophile arenoria (L) Link.
Attitude 10 m. 83 km inland from hinh ade fevel Collected 19 March,
22 Aprill 20 August and 20 September, 1966,

Ormer Locavtries: Pateas Beach, Taranaki, N.ZM.S. 10 N136, 5)466\60
i partly stabilised ron sand under 4. grenaria. ,f\]i,itudu 10 m, 50 m
infend from high tide leval.

Aotvpe, allotype and 6 female paratvpes and 1 male
Nematode Collzction, Zoology Department, Univer-
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Taylors Mistake, Banks Peninsula, N.Z.M.8, [, 584, 127496 in sand

wnder Desmoschoenus spirelis Hook. (. Altitude 15 m, 20 m inland
from high tide level.
SeeciFic DWFERENTIATION: Of the described species of Darylaimellus,
B tahatikus n. sp. resembies . vexaror Heyns, 1964 most closely but
may be readily distinguished by its shorter oesophagus and tail. For
D, vexator b = 2:9-3-6 and ¢ == 27-36, while for D, tahatikus b « 34-5.0
and ¢ == 4155,

D. tahatikus is readily distinguished from the only other species of the
genus known from New Zeunland (D. monticofus Clark, 1964) by its spear’
fength being three-quarters of the lp width and ¢ == 41-45.1n .D. monticolus
the spear length is approximately equal to the lip width and ¢ == 32-35.
RiMarks: The contiguous ventromedian series of supplements is unusual
for Dorylaimellus which characteristivally has four ventromedian supple-
ments arranged in two pairs, In D, andrassyi Heyns, 1964, however,
a fifth is interposed between these pairs. Both Cobb (1913) and Thorne
(1939) referred to abrupt ventral flexure in the spicules in this genus:
males of species deseribed subsequently also show this, but the apparent
lack of lateral guiding pieces in species described up to 1939 is contrasted
with their presence in both D. ardravsyi and D. takatikus. In the male
described as D. demani by Goodey (1963) the bands of copulatory muscles
are somewhat sigmoid in shape, as in D, takatikus.

A discussion of the “spirally marked oesophageal sheath” and ity
taxonomic significance will be given elsewhere (Yeates, 1967),

The specific epithet is derived from the Maori raharika (== coast).

Family Lervoncramak Thorne, 1935
Subfamily LEproNcriNaE Thorne, 1935
Genus Leptonchus Cobb, 1920
Leptonchus dicephalus n. sp.
Fig. 11A-1
MEASUREMENTS
Holotype female: Lo== 211 mm; a == 45; b= 810 ¢ = 1505 ¢ == 0-5;
Vo=a 16440 10,
4 female paratypes: [ =209 mm (1-88-2-88) (5= 0-131): a = 42
(35-48); b B0 (T1-89)7 c= 4] (114-190); ¢ == 006 (0:3-0-7);
YV oz 1605220 43.§ (4]-0-46-8) 195 (15-16),
Allotype male: L == 214 mm; a==31; b=x78; c= 86; ¢ = -0
T == 26-3; spicules == 30 4. .
: = 49 (41-62);
b 89 (7T1-11:0); ¢ == 74 (63-88); ¢« 1-0 (08-1-1); T 239
{17:0-31-8); spicules == 32 p (32--34).
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Femark: Body cylindrical and straight when velaxed by geotle heat:
fip region two-fifths as wide as body at base of oesophagus. Cuticle with
fine longithdinal striae: subcugicle distingtly annulated. Lateral pores,
with associated glands, oceur in two rows at intervals of one to two
hody widths. Lateral chords about one-quarter body width wide in vulval
region. Lip regton distinetly offset by a deep constriction (Figs 11, 1)
and the inmer ring of papilae also distinctly offset from the outer ring
(Figs 118, E). In en face view the usual ten outer papillie are present and
the inner ring of six papiltae are on an offset hexamerous rostrum-like
structure which shows no sign of subdivision into fips (Fig. 118}, Am-
phidial pouches cup-like &nd slightly wider than half head width (Figs
11A, ©); sensilla pouches visible (Fig. 11A). Spear slender, straight with
dorsally acruate extensions; spear and spear extensions euch . about
two-thirds of a head width long and only moderately cuticularised
(Figs 11a, ). Guiding ring a well cuticularised truncated cone (Figs
114, ). Oesophagus a slender tube for 8077 of its length; posterior 205,
forms a pyriforin basal bulb containing three large gland nuclei (Fig, 1a).
Nerve ring about middle of slender portion. of oesophagus. Oesophago-
intestinal valve one<third body width wide and of similar length.

Vulva a transverse slit. Gonads paired. opposed and reflexed half way
to vulva (Fig. 111). Prerectum begins at about flexure of anterior gonad
{Fig. ). Rectum about one anal body width long (Fig. 11G). Tail
bluntly rounded, less thar an anal body width Tong and with two pairs
of caudal pores, one pair subterminal and the other pair approximately
dorsal to the anus (Fig. 11¢).

Mark: General form of body simifar to female but tail curved ventrally
after relaxing by gentle heat (Fig. 1 ).

Testes paired, opposed and outstretched (Fig. 11w), Spicules broad and
arcuate with small lateral guiding pieces (Fig. Te). An adanal pair and
12 (9-18) ventromedian supplements present (Fig. 117). Prevectum
within supplement range, Weak copulatory muscles extend  slightly
beyond supplements. Taill bluntly rounded, dorsally convex, slightly
arcoate ventrafly and with two pairs of caudal pores.

JuvenNie: Similar to female.

Tvee Supis: Holotype, allotype and 3 female, 5 male and (2 juveaile
paratypes are in the Nematode Collection, Zoology Department, Univer-
sity of Canterbury. { female, 2 male and S jovenile paratypes are in the
Nematode Collection. Entomology Division, D.8.L.R., Nelson.

Tyrs Locariry: Sumper Beach, Banks Peninsula, N.Z.MS. I, §84
092531, below extreme bhigh water spring fide. In partly stabilised sand

under Ammo[ghf‘fd arenario {L..} Link, Collected 15 May, {966,
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OrtEr  LocAITiES: Castlecliff Buugi SWanganui, NZMS 3, Ni37,
311857, in parily stabilised sand under 4. grengria. Altitude 6 m, 40 m
infand from high tide level

Himatangi Beach, Marawatu, NZM.S, [, N148, 751323 in pe tly
stabilised sand under 4, grenarin. Altitude 10 m, 05 km inland from
high tide fevel.

ENFPERENTIAL IMAGNG8Is: Leplonchus dicephalus v, sp, may be distinguished
from all deseribed species of Lepronchus by the rostrom-like structure
bearing the inner circlet of papillae,

KEY 70 THE SPECHS OF Lepfonedus

I, Tonnge circle of papillae on 3 distinet rostrum-iike straciure {see Fig, 1 A) .
. . .. divephalus n. sp.
3

!e n{ mp }ar: :ml w distinctly offset . . .. .2
. . fimbriarns Thorne, 193¢
3

thant two body widihs posterion to vulva .. 4

1
¢ 7 1 n o body widths posterior t vulvg 5

anedian supplomentts piesent L. .. gramdasas Cof )b. 1920
,1tmmatiw,n supploy prosert L .. sransvaatensis Heyns, 1963

o1 Ve Nty present .. mubtipapitiarus Meyl, 1956

ements L, . .. scintiffans Loof, 1963

ents L. [

reatil h,nmhx !uua. WO venir onwdl.m tmpplc,(
: , pancipapiliates Meyl, 1936

Temale .zhum wg rutum leng Ih.,‘, imu,;: male mrkuown L
obtasus Thorne, 1939
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MONHYSTERIDA AND CHROMODORIDA
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University of Canterbury, Christchureh
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of the Monhysterida is needed. In de Coninck’s (1965) “preliminary
revision” Takakia seemns closest 1o the superfamily Monhysteroidea.

The generic name 1s derived from the Maori rakaki (- throat) and
refers to the exient of supplements in the male.

Takakis waipukea n. sp.
Fig. {a-t
MEASUREMENTS:
Hnlntym male: Lo 0840 i s A0 b 407 0o 4 000 108
s 375 spicules == 27 w38 supplements; stoma 10 < 6 s,
12 pdl‘él}'pﬁ‘ mxlc.'; L = (b %2 mm (0 Tol-0-572) (w s 068); a == 434
(354 m (b 4T ($3-52) ¢ 40 (36-48); & = 124 (9-5-14-2);
T=2300 (24 - '4941)' spicules == 26 1 (24-31); 38 supplements {30-463:
xtnma m (2:10) = 6 (3-7) . '
Allotype female: Lo 0904 g 431 b 48 ¢ o g3 ¢ o 1Ty
Voo 3T ETA stoma == 9 0
12 paratype females; L« O %‘“9
{30-8-431); b== 48 (433
Yo 2007 (G RCRTH) BG4 {53 3~—::8 213

(1 780 0-918) (s 2
403 6-45); ¢

00371 a == 371
124 (10-5-15:5);

Mavi: Cuticle anulated, with bristles and lateral alae (Figs 1u, )
Armphid aperture transverse, two to three head widths back from anterior;
sensifla pouch clear (Fig. 1¢). Head continuous, with six indistingt lips
cach w’a'th A mnall mpil‘ia ‘;nd six c&:pimﬁck..tae (Fiw% 1o, m ‘;toma

w:th @ sCHL.S of ud 4 np; osm.s it {l‘-le.s If D) ()em )hagus L\,lmdr\(.d]
surrounding base of stoma, Oesophago-intestinal valve distinct, about
one half of the mrrcqportding body width Jong, Tail filiform, without
caudal glands. Testes mircd apposed, outstretched (Fig, 18). Spicules
weak, arcuate: ohscure dorsal thickening may represent supbernaculum
(Fig. 1), Precloacal supplements extend from head of spicules o middle
of vesophagus, ' '

Famark: Similar to male but oesophago-intestinal valve about cgual m
length 1o the corresponding body width {ef. Figs 14, B). Rectum ahout
o anal body widih fong.

Vulva extends one-thicd of the way across the body. Anterior oviduct
vutstretched, anierior ovary reflexed. Posterior gonad represented by o
post-vulval sac about three body widths long (Fig. 14).

Juvpnine: Similar to female.

Tyve Suinps: Holotyne, allotype and 10 male, 10 female pararypes and
1 juvenile paratype are i the Nematode Collection, Zoology Department,
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University of Canterbury. 2 male and 4 female paratypes are in the
Nematode Collection, Entomology Division, D.S.1LR., Nelson.

Tyer Locaprry: Himatangi Beach, Manawatuy, NZMS. [, NI48,
751323, The majority of the specimens were extracted, using the Baermann
funnel technique, from a mixture of filamentous algae stranded when a
pool, which developed in a dune hollow during the winter, subsided.
This marerial was collected 20 Qctober, 1966, Further specimens have
been recovered from under marram grass (Anvnophila arenaria (L), Link.)
at about the level of the water {able

ReMarks: The specific epithat is derived from the Maorl waipuke (== flood).

Order Chromadonda
Family Cyarnoramviear (Micoletzky, 1922)
Subfamily SELaCcHINEMATINAE (Cobb, 1913)
Genus Synonchivm Cobb, 1920
Synonchivm pacificam n, sp.
Figs 24-1, 3a-0

tjypx, tume.k E N \%f}mm. a= 200 b 79 ¢ = 395 ¢ 2 U7
e BES HAE F0E
6 par; 1t} pt; Iema!u
b TR 1{\ & 4
\‘(Hll A Td 5y {\{}{\{‘}“1 672 \}1 L .
\i or\pe male: Lo#= 1281 mm: g = !‘,-'2;_ Irowe &7 ¢ oon 2957 ¢ o (18
: = 34 i pubernaculu ‘ '
= FAR3 mm
g, ,3 (n -G 1y ¢ e
SG-25 9 spicules = 32 4 (41 w‘7}
mdupc tetraploid females: L« 2-860, 2-985, HN’) mo; i e 27-9)
{‘4: 346 b B4, &2, 90; 409, 4011 472 5 == (08, 10, 1-0;
Y oup 101 588 = G1-G 733 106 {ET 106

< O-110); @ e 202
¢ e LOAOT-T6);

{}
i

{s i )()0}? a4 2 ?
H Ty ¢ e 8 (07 1-0);

EV"\r‘
T
JB .la

R I T
-'_3 - E

2 paratype tetraplotd males: 1 s 2-300, 2934 mm; a = N
95: 0 e 343, 50°9: ¢ o 08,009 F == 191, 20-8: spicules = o, 95 g,
Pates specimens

Paratype female: Los= 1624 mm; == 313 b o 881 ¢ = 406, ¢ e O Y
Voem P8 594 47, :

S paratype males: L= 1228 mm (1 198-1:290) (5 = O (}‘h} a == 24-1
(200259 b= 61 *‘3 6-6:6); ¢ == 3221 (27-6-343) ¢ PH(09--1-2):

T o 191 (14:-8-21-8); spicules «= 38 @ (35-39).
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Fic. 2 A-H-~Svponciium pacificen v, sp, A, Fn face view al level of Lips and papillae,
B, En face view af level of {eeth, €, Latersil view of posterior of male,
D. Lateral view of head. B, Tail ol holotype female, F. Tail of allotype
maje, G Fotire fomale. H, Entire male,
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head of Imlm,xpg, {emale.
-§ Jupetion of g mmplmd

aral view of vulval geion of

DT SEJ'C‘U]C'-. 11 Fail of male with
female tail.

Fro, X A -G Senanchim p
showing senst
spechmes,
iu iul t}x L,rml
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Castlecliff specimens
3 paratype females: L == -499, 1676, - (\9) mm: a = 334, 348, 27:4;
bh=51, 38 59, ¢= 2:’~ 3. 311, 333 14 I-I 1 '
5‘:.72 ilu‘) g ‘(:,'.3 ll“’ 180 6]() ‘ni*(i’

5 paratype males: L = 1-474 mm (3-273-1:615) (s == 0°070): a == 279
(228311 b 60 (3760 ¢ o= 363 (3220-359);: ¢ = 11 (LO-1-1);
T oo 181 (34:0-21-0): spicutes == 36 4« (32-38),
Himatangi specimens

10 pamtypc wmalw L= 1221 mm (0-920-1-602) (5 =

0-098); a == 21-7

{18-0-26-7 w77 (6 &-$-8Y; ¢ = 311 (230-37-5); ¢ == B0 T7-1-6);

Voo 115 (m w617 (38 165 g_} Llr (101108

12 type A paratype males: L= 11165 mm ((-986-1-292) (5 n Hﬁ);
'(i59 230): b= 64 (3379 0 = 208 (271~ 349} w4

(() 7 l Oy, T 2221 (17-1+25-0); spicules = 343 1 (31-39).

I type B p(u M:)pe male: o= 1193 mm; g == 224 b= 83; ¢ == 3102,

¢ = Q7T == - spicules = 48 n.

7 m‘n. C paratype males: L os 15229 mm ([-127-1-3058) (5 0-072);

a sz 244 (199-269): b e 79 (59-88); ¢ 454 (440 31-4y; ¢ =0 07

(0 Gl T o 2000 (098 ?-.2»9); spicules == 47 4 (47491

Sumner spccimcn '

Paratype male: L o 1428 mm; a = 2700 b = 85 ¢ 5350, ¢ = 07,
= 189, spicules == 33 g

Hirdlings Flat specimen

Paratype male: Ioe= 1565 mm; a o 2415 boas 6015 ¢ = 3730 ¢ 11

T s o g spieules o 37 fe

Do Femare: Body siraight, rod-like when relaxed by gentle heat.
Lip regien not offsel, two rings, each of six papillae, visible in en face
view (Figs 2a, p). Lips cuticularised and form hexagonal aral aperture.
“Broad anterior portion of stoma with twelve cuticularised folds in wall;
at anterior of narrower posterior portion three prominent teeth are
present, each with two smaller teeth on cach side (Figs 28, p). Spiral
amphi,d:, with. two aad 4 balf torny, Hes above posterior part of anterior
portien of stoma and sensilla pouch lies above posterior part of posterior
portion of stoma (Figs 2p, 3a). Cutcle distinctly annulated: annules
separated by punctations and each annule also bears a transverse row
of punctations; punctations more regular and further apart on lateral
ficlds where they appear larger (Fiz. 30). Tn each }zitc,r;ﬂ figld are two rows
of prominent coticular pores, each associated with a lateral glandular
body (Figs 2041, 34, ©)

Ousophagus cylindeicnd but constricted by bread nerve ring in ity
anterior half (Figs 26, 1) Oesophago-intestingl  junction  triradiate

Scignes §3
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{Fip. 38). Infestine broad. tessellated, cell contents typically dark brown
{Figs 3, »). Rectum less than an anal body width long (FFig. 2¢).

Tail typically shoet, rounded with candal glands and terminal caudal
pore (Fig. 21) but in some the caudal duct is protuberant (ef. Fig. 3§}
,md in others fixation has apparently resulted in contraction of the
rounded tail (Fig, 3G). Table I shows ()u.urr:_ncc of tail forms in various
populations.

‘Gonads paired, opposed. refloxed (Fig, 26). Vulva isa transverse slit
Tving in a trangverse depression and vaging extends fess than one-quarter
of the way across the body. Two cogs measured 47 w144 poand 48 ~ 131 4.

Tanus 1 -Ocourrence of Tail Shapes in Populations of
Svronchium pacificups 6, sp.

{Rd. = rounded; Pid. = with profuberant capdal duct:

Conte. == coptracted ; Cong,, s=owith vemtral depression.)
Population Females Juveniles

. 1
Rd. Pul. Conir. Cone. Rd. Prd.

v, Cone. Rd. Pud, Contr. Cone.

Nors

9 ! 8 0" 2
1 I g I ) -
2 1. 4 4 3 -
502 3 1 14 3 4 17 7 I
- l 3 .
| - !

Dierean Mare: Smilar to femade 10 general mormphology,

CTestes paired, opposed oulstretched (Fig, 21). Spicules paired, similar,
with slight proximal cephalation and ventrally curved distally. Guber-
waculum (7 lateral guiding pieces) composed of two delicaie pices, each
with distal expansion. about one-third as lopg as spicules (Fig. 2¢).
Supplements ssmple, obseare and number visible variable but seven to
nine probably chavacteristic (Figs 20, l,) ve 10 Seven \uﬂm»lat\.mi
setose papillac are present on each side in the' u:wum of tf vaed (Fig. 2e)

Fail hasically sinular o that of female bet ,u'nd xd (Fig. 28y or with
pmwhu it candal doct (Fig. 3F) but in most specimens with longer

. spicales {lyvpe *C from Himatangi) the 1ailis distinctly nareower than the

, Lod) mmmz.udy anterior to the clowen (Fig. 3u) T one specimen with
longer spicules from each of Himatangi and Sumner the tail xhapc is
as Fig. 29, ‘

Drevons ll venILE: Simtdar to female in gencral morpholm_\ Table
shows ogcurrences of the various (ail shapes,
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CHrROMOSOME. NUMBERS: Temporary mouats were made by the propionic-

orcein method (Smith, 1943; Mulvey. 1935) and the following counts
made, on specimens collected {rom Tavlors Mistake:

females in 1-4-1-7 mm range: 5 bivalents in primary oocytes

male in 1-3-1-6 mm range: 5 bivalents in spermatogonia

females of approximately 3 mm: 10 bivalents in each of several cells

of ovaries, :

males of approximately 2-3 mm 1(3 single t,hrnmmomcs n wlmt were

appurently spermatids.

These chromosome numbers appear to explain the presence of “giant
forms"”. Speciation through polyploidy is not uncommon in plant-
parasitic nematodes and other animals in which parthenogensis may
oceur, Speciation through polyploidy has not been definitely recorded in
sexually reproducing animals and after further examination of tetraploid
females of 5. pacificu it is considered that their ovaries are non-fanctional
Although o small z00¢ of proliferation may be present in one paratype.
female, in all cases. the bulk of the gonad was taken up by a file of large
cells. Some of these cells, however, seem ta be actively dividing. There is
no direct evidence that tetvaploid males are incupable of preducing sperm.

The tetraploid specimens of §. pireffician constitute about one-fifth of
the total population of the species at Tavlors Mistake and apparenty
arise spontancousty in cach peneration, approximately the same propor-
tion being present in Feby irr‘s 1967 as i3 Bay 1965, S. pacificum has been
vecorded from six localities and the ocon e of fetraploids at only one
locality suggests a factor in the enviy m*mr.nt influences their production.

Tyre Suiprs: Holotype, allotype and 19 7o nale, 39 male and 51 juvenile
paratypes ire in the Nematode Collection, Zaology Department, Univer

sity of Canterbury. 4 female. 4 male and 4 juvenile paratypes arc in the
Nematede Collection; Entomology Division, D.S.LR.. Nelson.

Tyrr Locanry: Taylors Mistake, Banks Peninsula, N.Z.M.S. 1. S84,
127496, in sand wunder Desmoschoepus spivafis Hook [ altitude 1'5 m.
20 my infand from weh tide level. Callected 15 May, 1966,

Orer Locaurnss: Patcs Beach, Taranaki. N.Z. M5 1, N136, 046060,
in partly stabilised iron sand under dmmophila orenaria (L) Link;

atltitude 10 m, 30 m indand [rom bigh dde level. Castleclit Beach, Wan-
canni, NZM.S. 1, NI37, 511857, in partdy stabilised sund under A.
arenaria; altitude 6 m, 40:m inland trom high tde level, I Himatangi Beach,

Manawaty, N.ZM.S. 1. NI48, 751323 in partly stabilised sand under
A, arenaria; altitude 10 -m, -3 km inland from high tide level. also
under Cassinie fulvide Haok f., . vnmz!z:. and Spinifex hirsuts 1.abil.
Sumaper Beach, Banks Peninzula,: ME. 1, 584, 09253/1, under 4.
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arenaria on gently sloping beach below extreme high water spring tide.
Birdlings Flat, Lake Ellesmere, N.Z. M., 1. 8§94, 035200 in coarse, stable
sand beneath D, spiralis; altitude 4 m, 30 m inland from high tide level.

DIKFERENTIAL [MAGNOSIS: Synonchium pacificuns n. sp. is readily dis-
tinguished from &, depressum Gerlach, 1954 by the form of the amphid;
i 8. depressum the amphid is three times as wide as it is fong. The posses-
sion of up 1o nine precloacal supplements would seem to distinguish
S, pacificum from . olunsian Cobb, 1920 which was described as having
two supplements and in which Gerlach (1984) found no supplements,
This apparent lack of supplements is not an absolute eriterion since they
are often very obscure, at least in S, pacificwm, The presence of a guber-
paculum in S, pacificusm Jistinguishes it from both hitherto described
species. '

Revarks: The variation o tail shape of S. pucificum seems readily
explicable. The basic tall is bluntly rounded with a terminal caudal pore
{Figs 2k F): in some {ocalitios the caudal pere is protuberant (Fig. 3r)
in a considerable number of specimens, but whenever an adequate
number of specimens have deen observed. both of these {ail forms ocour.
The “squure” form (Fig. 3G) has been recorded tor only juveniies and
females aund is probably a fixation artifact: Gerlach (1964) recorded the
presence of an artifactual bursa in 8. ebwsum, The form lustrated in
Fig, 3y appears (o be larzely the result of. or is perhaps voupled with,
the possession of distinctly longer spicules. Although Ludwig (1938)
found diet aflected spicule tength i Rhabditis teres the dilference between
the two groups in 8. pacificun is so marked that it is probably a genctic
variation. No corresponding variation has been observed in female
specimens.

Specimens of S, pacificuni are readily recovered when sand samples are
extracted by a variant of Seinhorst’s { (936, 1962) eluiriation technigue.
However, when a series of sand samples, which would been expected 1o
vield several hundred specimens by clutriation, were extracted ‘using
Baermann funnels only a single specimen of 8. pacificum was recoverad,

The tntestines of some specimens of 8, pecificin from each locality
tgochaete chaetae, but the contents of the

were found to contain oft
intestine were frequently obscured by the dark eells of the intestinal wall.

Family Desmooormag: Steiner, (927
Sublamily DEsMopORINAE Micoletzky, 1924
Genus Ruamawhitia n; gen, , ,
Cuticle smooth, without bristles, punctuations, annulations or lateral
fields. Distinet cephalic helmet present, Head with inner ring of six labial
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papillae and outer ring of six ¢ephalic setae, Amphid aperture unispire
Stoma with three similar teeth, oesophagus cylindrical. Male with single,
outstretched testis and single median tubular supplement. Female gonads
paired, oppased, reflexed.

Type species: Ruwmowhitia orae . sp.

Ihscussion: Wieser (1954) regards Chitwood (1936) as an adéguate
treatment ol the Desmodoridae, and using this classification Rugmowhitia
u, gen. mway be placed in the Desmodoripae. In the diagnosis of the
()ldm Desmodorida de C pinck. 1965, however, st is placed on the
presence of three ris : ' b 4’).,0r m.rely
two, prndu\.ed b\f,
whitia n, ¢
distinet o
absence o 3¢
helmet, hovxwm {Ld\\. htrg dmmt as to the svsrun.xm p()sltlun u] 1hh
“GI'IU\

The ;.cmrw nam'* is derived from the Maori rwa ( two) and mowhiti
ring), and refers to the presence of two rings ol cephalic sensory

(=

0rQans.

Ruamswhitia orae n. sp.
Fig, 44-G

- i : 200 mm: a e 308 b s 5007 ¢ =
‘ﬂ (), spicules == 41 1 mbc,nmculmn =19 e
atype males: Lo 0-992: 1 97, 1-110 mm a4 ;_
! :’2-2, 306, 56-4, ¢ 74% 342, 337 ¢
471, 53:9; spicul‘cs :
Allotype female: 1
‘V:»: L5354 87, ’
Paratype luna}C' :
Vo #4537 %5 :

MaLe: Body straight when relaxed by gentle heat, Cuticle smooth. Head
with helmet, inner ring of six papillac and outer ring of six se ‘
4c, ), Amphid aperture unispire. Stoma with three similar lec.(h, thc"
dorsal tooth slightly larger than the ventro-laterals (Fig. 40). Oesophagus
eylindrical, slightly constricted at broad nerve ring (Fig. 48). Oesophago-
intestinal valve short, conoid. Intestine broad, lumen distinet.

cstis single, outstr tched. Dorsally, at about middle of testis, lies a
median group of six to nine large cells: laterally, near tail, He paired,
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200p A B

50uD-G

Fii. 3 AcGo-Rugmowhitia oree n. gen, et sp. A, Eptire Temale, B, Entire male, C. 2a
Jave vigw of head, 1, ‘Hoad vegion E. Female til F Lateral view of
male tail region. G, Ventral view of distal end of spicules and guber-
naculim.,
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lateral gland (?) cells (Fig, 4g). Single. protrusile, median, tubular sup-
plement present (Fig. 4r). Spicules paired, similar, rather simple, blunt
tipped and arcuate (Fig. 48). Gubernaculum a simple rod proximally but
distally, complex dorso-lateral guiding pieces are present (Figs 4¥, G).
Tail concave conoid, veﬂtmlly Lurved with terminal adhesive organ
(Fig, 48).

Femare: Similar to male ing Lcm,ml morpho!ngy but taxl %{\mcwhdt longer
{Fig, 48). In paratype Iem&lu there is 4 suggestion of caudal gland body
lying adjacent to rectum, Rectum about one anal body width long. A
series of glandular bodies lie laterally, posterior to the gonads,

Gonads obscare, paired, opposed, reflexed. '

JUVENILE: Similar to female in general morphology. Lateral glandular
' bndies prcsent in posterior halt of body. -

Tyer SIIDE Holawpe, allotype and 3 male, } f’enmk and 12 ;nvemk,
paratypes are in the Nematode Collection, [(}(}Enu Dcpartmcm Yniver-
sity of Canterbury, 6 juvenile pmaivpes are in the Nummde Col lcmm‘:.'
‘ *tjmoiogv mem L) SR, Ndwon ' :

‘SU mner ‘Beauh B‘m%,:. Pen ms:uh N.ZMS. 1. 884,
A mm(;pfniu aresiaria {1..Y Link. on %mlv sloping beach
bQIQW kaimm h 1gh water spring tide, Collected 15 May, 196

Remarks: Paired ejaudau fi@'hiiv anterior to the spicules
have been described or ﬂlmtrmed tw various authors for pematodes of
smcmk mu:;xs MLmCL‘ H)"“}} found 1hun in ffX m!mlm crossotus Stemu

spp. H‘»’ﬁ 3
P, ,
It has been noted in the diagnosis of Rwamowhitia orae n. gen. et sp.
that luteral glandular bodics are present in the posteric 1t of 1he bodxe&
of females and juveniles, In m: ales no such extensive { |
bodies has been observed, hut it is considered that the. epmutawrv gldnjs,t
described and illustrated (Fig. 48), are homologous with them. In some
species these gjaculatory glands may well function in mpufatmn but in
R. pragno suggestion of a duct has been abserved. oo

The median, dorsal group of larze cells Iyving rmmudmtely anterior to.
the wide portion of the vas deferens apparently has a ditferent origin,
and may represent the posterior testis, : /

The specific epithet is dcrmd from thc Latin org (== coa:;tf).
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Family Comesomatinar de Coninek and Schuurmans Stekhoven, 1933
Subfamily Comesomarinae de Coninck, 1965
Arensoma n. gen.

Cuticle without lateral differentiation, Ten cephalic setae and six labial
papitlae present. Amphid vnispiral. Stoma elongate-conoid. Qesophagus
without termival bufb. Female gonads paired. opposed and reflexed.
Testis single. outstretehed ; spicules short with single joint; guhtrnaculum
without caudal apophysis: supplements absent.

TH“&. ."spp(/[cﬁ, Arenasong terrie (}/t.l n. sp.

Discussion: The form of the amphid distinguishes Arenasoma from all
deseribed gencra of the Comesomatidae, except Notosabatieria Allgen,
1959, The fatter genus was erected on the basis of a single female despite
the fact that in the Comesomatidae the male reproductive system is the
main basis for classification.

Schuurmans Stekhoven {1930) reported the prw,mc of both ccplm‘xc
and subcephalic setac in Comesoma punctata, Wieser {1934) described
Metacomesoma as having 10 cephalic setac in a single ring and speculated
on their derivation from cephalic papilfae, cephalic setae and subcephalic
setag. In a series of en foave prepaf;ﬂ:ians, as well as lateral views, of
Aredasoma the vartation in the apparent position of the four shorter
sctae it relation to the six ionger setae suggests that the former represent
a separate circle anterior to the latter, Thus the head bears six Jabial
{or cephalic) papillae, four cephalic setac and six subsephalic setae
(Fig: 5¢).

Arcnasoma tetricola n. sp.
Fig, Sa-r
MEASUREMENTS?
Himatangi specimens ,
Holotype male: L == 0-830 num; o o= 2760 bex 477 ¢ o 1075 ¢ = 49,
T == 52:1; spicules == 34 u.

Paratype males: T. = 0-693. 0-750, 0:-842, (:843 mum; a == 248, 227,
240,272; b =4544. 47. 45 ¢ = 98, §3, 11-2, 34, ¢/ = 44 50,

47,53, T == 51-9, 47-8, 3}-8, 33.9; .spu,ulc» = 34, 30, 34, 34 n.
AIIMypc fcm.\l(. L=C877Tmm: a= 225 b 44 cm= T4, ¢ =59,
Vo 72584 0

6 paratvpe tcmules: Lo~ O-838 am (-730-0:937) (5 = 0:069); 4 ==
(19-8-27-2); b==45 (39-48); ¢=71 {53-83); ¢
Voo TR (4 '.*-‘unu §5.9 (53.},,55.4) RSN QR R T

MaLr: Body gently curved ventrally when relaxed by gentle heat;
cylindrical, but tapering at extremities (Fig. 5g). Cuticle with very fine

236
62 (5:6-7-0):
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.. 100uAB
SOuEF

o

E——

Fici, 8 A —drenasema rerefeola n. gen et sp. AL Fotire female. B, BEntire male.
C. En face view of head. 1, Transverse section of oesophageal region,
€. Detail of spicule and gubornaculum, F. Qesophagea? region,
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transverse markings, lateral fields not differentiated. Lips fused, & labial
papillag present; 4 cephalic and 6 subcephalic setae present (Fig. 5¢).
Stoma conoid-clongate, without distinet teeth (Fig. 5r). Oecsophagus
basically cvlindrical although somewhat narrower in region of nerve-ring;
oesaphageal radii not cuticularised (Fig. 5p). Oesophago-intestinal valve
very small. Intestine thin-walled. broad; prerectum absent. Body narrows
abruptly in cleacal region and tail elongate conoid. Caudal glands absent.

Testis single, outstretched. Ejaculatory duct prominent (Fig. 5n).
Spicules short, straight and with a single joint (Fig. 38). Gubernaculum
parallel to spicules, with weak processes lateral to spicules, without
caudal apophysis. Supplements absent. ‘

FeMmarg: Similar 1o male. except in the following respeets. Posterior
tapering of body less abrupt so tail appears less offset (Fig. 54), Rectum
about one anal body width long.

Vulva small, obscure. Gonads short. paired. opposed and reflexed,

JUVERILE: Similar to female,

Tyre Supes: Holotype, aflotype and 4 male, 4 female and 10 juvenile
raratypes are in the Nematode Collection, Zoology Department, Univer-
sity of Canferbory. 1 male, 2 female and 3 juvenile paratypes are in the
Nematode Collection, Entomology Division, 1D.8,1L.R.. Nelson.

Tyer Locantry: Himatangi Beach, Manawatu, N.ZM.S. 1. Ni4§,
751323 in partly stabilised sand under Ammophila areneriv (1) Link.
Altitude 1-0 m, 0-5 km inland from high tide level, Collected 19 March,
20 April. 21 JTune, 20 August and 20 September 1966,

Orner Locanres: Castleclift Beach, Wanganvi, N.Z.M.S. 1. NI137,
SHIRST, in partly stabilised sand under 4. grengrio; altitude 6 m. 40 m
inland from high tide level. Taylors Mistake, Banks Peninsula, N.Z M.S. |,
884, 1274906, under Desimoschoenus spiralis Hook, £ altuude 115 m.
20 m infund from high tide level. '

Remargs; This species, the first of the Contesomatidae to be described
from a non-marine habitat, ‘was not abundant at any ol the {ocalitics
from which it has been collected.
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STUDIES ON NEMATODES FROM DUNE
SANDS

8 HEMICYLIOPHORA HA L()PH'[LA N. SP.
AND EREPTONEMA INFLATUM N. 8P,

By G. W. Yeams, Department of Zoology,
Untversity of Canterbury, Christchurch

(Received for publication. 20 April 1967)

Sumrary

ieveliophora halophite 1. sp. is distinguished from other species of the genys by
the ‘presence of delicate longitudinal markimgs along each edge of each annule.
Erepronesma inflarunt o, sp. s distinganished from £, fimbriatmn by having weak annala-
tions on the lateval cervical expansions.

Order Tvlenchida (Filipjev, 1934) Thorne. 1949
Superfamily TyLENCHOEA (Filipjev, 1934) Chitwood & Chitwood, 1937
Family CriconeManipak (Tavlor, 1936) Thorne, 1949
Subfamily CriconaMATINAE Tavlor, 1936
Genus Hewmicyeliophora de Man, 1921
¥lemicycliophora halephila n. sp.
Fig. 1a-F

MEASUREMENTS

Holotype female: L= B mm: a == 21°4 (outer cuticle): a == 22-2
{inner cuiicle); boes 58: Voo 8720 spear == 113 p; O == 6:2; m == 833,
12 paratype fervales: L == 113 mm (103-1:21) (5 == 0-033); a = 19:8
(17822 5: & =222 (198252, b= 546 (_5..4~,5'.9); Vo 870 (851
88-2yispear == 113 o (J05-12500 o 7-606 2-10-6) ym == 84-((82-4-91-2).

Femark: Two cuticles present, both with annules about 4 g apart (Fig. 1a).
Annules of outer cuticle with a row of delicate longitudinal markings
along each edge; lateral field represented by disjunctions in annules in
the form of oblique portions (Fig. 1¢). About 230 annules on body, the
spear occupying about 24, the excretory pore [ving about 44 from the
anterior and the vulva lying about 45 annules anterior to the terminus.
No hemizonid gbserved, In eén Jace view cuticularised structures {Frgs
fe. v) and amphids (Fig. 17) visible.

Spear slightly dorsally arcuate in specimens relaxed by gentle heat;
anterior surfaces of knobs slope posteriorly (Fig, 1a). Basal bulb of

N.Z. 2t Sei. 10; 802-807
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Fig. 1 A-F—Hemicyeliophora halophiia 1, sp. A, Oesophageal region of female.

: B. Lateral field of juvenile specimen. C. Lateral field of (omale specimen,
D, Posterior part off body of female. E, F., n Sage views at sticcessively
deep levels. o : .
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vesophagus distinct and the oesophago-intestinal valve seems fo be
represented hy a delicate cuticular structure (7 ring). Excretory pore
stightly posterior to base of oesophagus. Intestine broad, rather granular.
Anus nol abserved clearly, but posterior 1o vulva body tapers graduvally
and “tal’ is convex- umojd and slighdy atienuated (Fig. 1n).

Yulva o conspicaous fransverse slit froan which vagina slopes anteriorly

(Fig. 1n). Gooad detail obscure but ovary outstretched.

aMare: Unknown,

Juvesine: Similar to female, except as follows. A 0-67 mm juvenile had a
uniformly coneid “tail’ and cuticular markings as for a typical female
{Fig. 1), A 077 mim Juvenile had a typical female tail and markings on
iy outer cuticle a1 w‘stm » areelations (Fig. 18). ‘

el

Tyer Scioss: Holotype and 14 female and 3 juvenile paratypes are in the
Nematode Colleetion, Zoology Department, Univers i Canterbury.
4 female paratypes are 1 the Nematode C olleclmn Fnlumujosw Brvision,
D.S.1H., Nelson,

Tyee Locarrry: Taylers Mistake, Banks Peninsula, NJZMS. [, 584,
127496, in partly stabilised sand under Besmoschoenuy spivalis Hook, f.
Altitude 2 m, 20 moinland from high tide fevel. Collected 15 May, 1966,
Orarr Locanryy: Humatangi Beach, Manawaty, NZMS. 1, NI48,
731323, in partly siabilised sand under . spiralis and Ammopiila arenaria
(LYL nk Altitude l o, €05 km totand frone high tide level,

SPiaL,n;l(; DIFFER ENH;&’U(,}?M The form of the cutienlar srpamentation
readily distinguishes H. halophifa n. sp. Trom all other described species
ol the geius exeept M. aguatieum (Micoletzky, 1213) These two species
may be most readily distinguished by the absence of any sign of lateral
ficlds in #. aguaticum, and thedr presence in M, hdlophila,

in general morphology H. halophite is simBlar to H. gracilis E[ arne.
1955, H. ovale V'C?o bran, 1962, H. thorael Goodey, 1963 and M. repica
de Man, 1921,

Rumarks: The lopgitudinal markings on the cuticle of a juvenile (Fig. 1w)
are reminescent of those of 1. penetrans Tharne, 1955 and M. nrembranifer
Micoletzky, 1923, Dorsally and ventrally the longitudinal markings
weaken leaving the crenale patiern in these areas. The cuticular orna-
mentation of mature feroales seems to be derived from this element.

The representation of the Jateral field by oblique disjunctions in the
annules is similar to that described in H, vaccinium Reed and Jenkins, 1963,

H. hatophila is moderately abundant at the type locality (up to 30 per
kilogram of sand), but is rare in normal collections from Himatangi Beach.
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Order Aracolaimida
Family Prectmar Qerley, 1880
Subfamily WiLsowemaTiNak Chitwood, 1951
Genus Ereptonema Anderson, 1966
Ereptonema inflatwm n. sp.
Fig, 2a-D

MEASUREME

-Castleclift specnmm , : B

Holotype female: L== Q31T momza e 183 b o= 1o Tl me doddg
Vo 10D G701
Patatype female: 1. = 0-280 mm; a == 139 b = 36:¢= 98, ¢ = 3 3;
\1 = 130 4"’1 '{ A 1

: Hmnt.mu ~p:urwn
Paratype e,
Yows ThE 480800

= 258 mm; a s 152; b

Frsmavt: Small nematade, body w;ml\ curved ventralfy when re azu_d by
gentle heat (Fig. 2a). Body tapers markedly anteciorly in cervical region
and posterior to gondds. Annules |y owide in region of vulva, slightly
narrower 10 heck region and 102 g owide ou proximal pare of tail. Lateral
field, rather ohs;:,urc, with two incisares, extending well posterior to anus
and décupying about 129 of body width, Cervical setae obscure

Striated, bulbitorm dorsal and ventral cervical expansions present;
their annulations not visible in lateral view (Fig, 2¢) aond scarcely visible
in dorso-ventral view (Fig, 2r). Dorsal and ventral flabella rudimentary,
margins fimbriate. *Lameliate’ lateral extensions of infernal cuticle extend
antgrior to labia o meet mid-laterally: cdges smooth (Fig. 2a, c).

Stoma plectoid, 13--16 w tong. Amphid aperture, about middle of stoma,
appearing plectoid. ()VaUPlHS’Us about one- c,udlic,r hady w;dth wide,
stightly spindle-shaped, Isthmus indistinet. Nerve ring and excretory pore.
not ohserved, Oaﬁnp_l'lugeul bulb ovoid with well-developed, adentate,

valve plates. Oesophago-intesting] valve rounded coneid, continuous
with oesophageal huib (Fig. 2a). Intmnne ‘bread, lumen distiner. Rectum
about one andl body width long. o

Tail conoid, ventrally arcuaie with mu ventro- Ial;ml setae near middle
of tail and two dorso-fateral setag near fer mnus (Fig. 2v). Cuticle dis-
tinctly thickened dorsally, Adhesive organ with distinet cuticularised
terminal pore. Candal zlands not seen.

Gonads paired, opposed, reflexed (Fig. 24). An egg measnred 14 3 35

Mare: Unknown.

JuveNits: Unknown,
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Fig. 2 A-D-Erepromema inflattom 1. sp. A. Female in lateral view, B. Ven'irul view of
cervical expansion, C. Lateral view of head. D, Lateral view of female tajl,
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Tyer Subes: Holotype snd 2 female paraiypes sre in the Nematode
Collgetion, Zoology Department, University of i:}lmm‘blll‘}t
Tyee Locarrry: Castlechl Beach, Wanganuvi, N.Z.M.8. 1, N137, 511857,

T pdrt]‘v stabilised sand under Ammophua arenuria (1, ) Link., Altitude
&0-m, 40 m inland fr om high tide level. Collected 2 June 1966,

Omer Locapity: Himatangi Beach, Manawaty N.ZMS 1, Ni4g,
?51'523, in par?y stabilised sand under A. argnaris, Alitude 10 m,
3 km inland from high tide levet,

;Smszjsu'r-i" Dpenesnanion: K iaflatum on. sp. 15 essentially sinular to

. Jimbriguem Anderson. 1966, the type species, but may be readily
;dwmmu:,hgd from it by the weak mmuldimm on the hm,nl cervical
expansions (Fig. 28, o),

REMARKS: Erepronema is defined as having o circular dmphxd aperture,
and Maggentt (1961} has suggested that the pleetoid armphid nermally
has a round or oval aperture. Examination of farther material of £
infletiont may show it too has a circular amphid aperiure.
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II1.9 STUDIES ON NEMATODES FROM DUNE SANDS
10. FURTHER RHABDITIDA

By G.W. YEATES,
Department of Zoology, University of Canterbury,
Christchurch

Summary

Mononchoides potohikus n. sp. (Diplogasteridae) is
distinguished from other species of the genus by its short
tail (¢' 2 0.9 in mature specimens); the first stage
juveniles are rhabditoid, subsequent stages diplogasteroid;
prerectum present; tuboid supplements present in males,
Allometric growth coefficients are given for post-embryonic

development, based on a culture population. Mesorhabditis

littoralis n. sp. (Rhabditidae) females are morphelogically
similar to those of M. labiata (VBik, 1950) but may be

distinguished by the possession of oesophageal bulbs of

similar size; males have an apparently leptoderan bursa.

Panagrolaimus australe n. sp. (Panagrolaimidae) is closest

to P, rigidus (Schneider, 1866) but is readily distinguished

by the location of phasmids near the cloaca. The type
locality for the three species ‘is Himatangi Beach, Manawatu,

New Zealand, in dune sand under Ammophila arenaria (L.) Link.




TABLE 1. Dimensions

brackets,
Stage N

Culture
L1 12 0
L2 16 o
L3 16 0.
L4 12 0
9 12 1.
& 12 1.

Himatangi Beach

= 13

d 1
Culture

Q 12

& 12

Himatangi Beach
< 13

g 1

iy
.3

.8

of Mononchoides potohikus n, sp. from culture and field populations (Given as mean, with range in

.4

Standard deviations given for length}.

L (mm)
80 (0,432-0.506) 5.D. = 0.024 20.8
68 (0.288-0,492) S.D. = 0,057 16.4
592 (0.498-0.735) 5.D. = 0.057 17.3
16 (0.720-0.930) $.D. = 0.051 17.86
254 (0.720-1.461) S.D. = 0.269 17.1
090 (0.910-1.340 S.D. = 0.122 17.5
12 (1.003-1.908) S.D. = 0.328 19.0
248 24.4

- 22,1 (14.4-26.7) 5 g (56 450 4)17-7

74.1 % (58.6-85.8); spicules = 51.4

2.2 (17.5-24.7)55 ¢ (s4.7-61.0)}7-5

(18.1-22.3)
(12.4-19.8)
(15.5-20.5)
(15.5-19.1)
(15.9-18.6)
(16.3-18.9)

(17.5-20.9)

(10.9-23.4)

n (47-55);

(13.0-20.5)

62.2 %; spicules = 48 u; guberpaculum = 20 g

4.4 (3,9-5,2)
3.4 (3.1-4.0)
4.0 (3.6-4.7)
4.5 (4.1-5.1)
5.5 (3.9-6.4)
5.1 (4.4-5.9)

5.4 (4.4-6.8)
5.4

9.4 (7.6-11.2)
9.3 (7.4-12.3)
18.1 (13.7-21.2)
24,6 (21.5-28.8)
36.5 (24,0-45.2)
33.9 (27.5-36.7)

43,5 (34.4-53.2)
40.3

gubernaculum = 22 pn (18-26)

3.9
2.7
1.5
1.1
0.88
0.99

0.87
0.88

ch

(3.3 -4.8)
(2.4 =3.1)
(1.3 -1.9)
(1.0 -1,3)
(0.68-1.20)
(0.82-1.25)

(0.76~1.03)






FIG.

YMononchoides potohikus n. sp.

A, En face view of first stage
Juvenile, B. En face view‘of female,
C. En_face view of female showing
buccal armature. D. Oesophageal
region of female, K., Oesophageal
region of first stage juvenile,

F, Lateral view of male tail. G.
Ventral view of male tail.



Order RHABDITIDA
Suborder Rhabditina
Superfamily DIPLOGASTEROIDEA (Micoletzky, 1922) Goodey, 1963
Family Diplogasteridae (Micoletzky, 1922) Steiner, 1929
Subfamily Diplogasterinae Micoletzky,..1922.
Genus Mononchoides Rahm, 1928
Mononchoides_potehikus n. sp.
(Figs 1 A-G, 2 A-F)

MEASUREMENTS :

Holotype female: L = 1,480 mm; a = 18.1; b = 5,4; ¢ = 41,5;

¢t = 0.90; v = 22.355 319.7

Allotype male: L =1,248 mm; a = 24.4; b =5.4; c = 40.,3;

c! =0.88; T = 62,2%; spicules = 48 j; gubernaculum = 20 .

Measurements of samples of females, males and juveniles are

given in Table 1,

FEMALE: Body straight when relaxed by gently heat. Cuticle

essentially smooth, subcuticle with fine annulations, Lip

region continuous; twelve papillae visible in en face view
(Fig. 1B). Cheilostom divided into twelve individual ribs

each apparently bifid anteriorly (Fig. 1D), but only 22
'cuticular lips! seen in each of several en face preparations
(Fig. 1B). Prorhabdions small; mesorhabdions well developed,
particularly in subventral sectors., Dorsal metarhabdion bears

a large tooth; left subventral metarhabdion a two-notched
plate; right subventral metarhabdion a pyramidal tooth (Fig.
1¢, D). Telorhabdions well developed and form a definite

tube (Fig. 1D). Anterior bulb of ocesophagus with cuticularised
lumen and simple valve plates; anterior portion of cuticular-
isation heavy (Fig. 1D). Posterior ocesophageal bulb

glandular, with c¢onvoluted iumen; three gland nuclei distinct,
their position variable (Fig. 1D). Nerve ring encircles
anterior part of posterior bulb; hemizonid at one-third length

of posterior bulb; excretory pore at two-thirds length of






1G. 2, Mononchoides potohikus n. sp. A. First

stage juvenile. B. Second stage
juvenile. C. Third stage juvenile.
D. Fourth stage juvenile. E. Mature
female. F. Mature male.



posterior buib (Fig. 1D},

Intestine thin-walled. Distinct prerectum, about three
anal body widths long, present; .rectum about one anal body
width long (Fig. 2E). Tail short, conical; phasmid about
midway along tail (Fig. 2E).

Vulva simple, lips protuberant (Fig. 2E). Gonads paired,
opposed, reflexed., 'Germinal zone'! of ovaries without evidence
of cytokinesis; ovum adjacent to flexure well-developed but
without shell; between flexure and vulva shell glands present
but no spermatheca distinguished (Fig. 2E), Twenty eggs
measured 142 (S.D. = 13) X 72 (S.D. = 4) ju; the shell has

distinct, coarse mammillation.

MALE: General morphology similar to that of female. When
relaxed by gentle heat body slightly curved‘ventrally; curv-
ature more marked in supplement and caudal regiens. Cuticular
annulation moderately distinct, Testis single, outstretched;
germinal and growth zene distinct from vas deferens (Fig. 2F).
Ejaculatory duct and prerectum present (Figs 1F, 2F). Pre-
cloacal supplements and supplement glands present; the
supplements are slightly lateral to the mid-line and are paired,
although the members of each pair are not on the same transverse
line (Figs 1F, G). Six pairs of papillae posterior to cloaca,
the last four pairs near the base . of the rudimentary tail thread

(Fig. 1F, G), Bursa rudimentary, not observed in lateral view.

JUVENILES: The first stage juvenile has a rhabditeid
oesophagus, a filiform tail and the genital primordium is a
single ceil (Fig. 2A). No distinct structures were seen in
en face view (Fig. 1lA), Three lobes of glandular cells are
present adjacent to the posterior portion of the oesophagus
(Fig. 1E: only two illustrated). In newly hatched specimens

anus non=functional and posterior intestine poorly differentiated.



The second stage .juvenile has the hasic morphology of
the female but the genital primordium is two-celled and the

tail is elongate conoid (Fig. 2B).

Third stage juveniles have larger genital primordia and
the tail is blunt conoid (Fig. 2C).

In fourth stage juveniles sexual differentiation is
apparent and the tail is short conoid. In sub-females both
gonads are distinct, as is the site of the vulva (Fig. 2D).

In sub-males the extent of development is similar.

TYPE SLIDES: Holotype, allotype and female, male and
juvenile paratypes are in the Nematode Collection, Department
of Zoology, University of Canterbury. Further female, male
and juvenile paratypes are in the Nematode Collection,

Entomology Division, D.S.I.R., Nelson,

TYPE LOCALITY: Himatangi Beach, Manawatu, N.Z,M.S. 1, NI148,
751323, in partly stabilised sand under gmmoghila arenaria (L.)
Link, Altitude 1.0m, 0.5km inland from high tide level,
Coliected 20 July, 20 October and 20 December 1966, and 19
February and 20 April 1967.

OTHER SOURCE: Material collected from Himatangi Beach has been
supplemented with specimens (particularly juveniles and males)
from a laboratery culture,. The culture, initiated with a
single femalie from the type locality, was maintained at 20°c¢

on asparagine-mannitol agar at pH8, with the bacterium Bacillus
cereus var, mycoides. Apart from morphometry, no significant
differences were found between specimens from the two sources,

Studies on such cultures are discussed elsewhere (section V),

SPECIFIC DIFFERENTIATION: Mononchoides petohikus n. sp. is

readily distinguished from the previously described species of

&

the genus by the short tail in mature specimens (¢! % 0.9).



REMARKS : Mononchoides potohikus n, sp. has several noteworthy

features in its anatomy. The reduction of the tail filament
to a rudiment is unusual in the Diplogasteridae, although the

condition in Neodiplogaster Cobb, 1924 is similar, The

arrangement of caudal papillae, however, leave little doubt as

to the placement of this species.

M. potohikus n., sp. invariably hatches ‘in cultures

without diplogasteroid buccal armature and with a ‘rhabditoid’
oesophagus. In accounts of the development of Fictor

‘stercorarius and Prosodontus aphodii Bovien (1937) clearly

states that they hatched with diplogastercid buccal armature
and that they assumed the form of 'dauerlarvae’ in the third
stage (Bovien, 1937: 22, 31). Bovien also referred to a

species, closely related to P, aphodii, which has.no‘Qdauer-

larvae', Although the first stage juveniles of M, potohikus

appear similar in form to various 'dauerlarvae' described by
Hirschmann (1952) and Rtthm (1956) they apparently do not
represent the resistant juvenile stage, the !dauerlarva’,
which in the Rhabditida is always the third juvenile stage
(Osche, 1963).

Although a prerectum has been recorded in Rhabditis

sﬁrongqugdes by Chitwood and Chitwood (1950) there appear to

be few further records of this structure outside the Dorylaimida°
The presence of tuboid (cf. papilloid) supplements in M,potohikus
seems to be the first record in the Secernentea,

M., potohikus has been successfully cultured on B. cereus,

but mature individuals have also been found to be facultative
‘predators, Reproduction is normally parthenogenetic; the
role ‘of males will be discussed elsewhere,

The specific epithet is derived from the Maori poto
(= short) and hiku (= tail).



TABLE 2,

Stages
1 - 2
2 -3
3 4
4 -9
4 (e
1 -9
2 -9
1 )
2 d

Allometric growth coefficients for Mononchoides potohikus n.
cultured at 20°C,

indicated.

Body
body

++
++
++
++

++
++

++
++

width
length

- 0,00

0.84
0.93
1..07
1.07

1.19
0.94

1,22
0.93

Spo

The sign of each geometrical growth rate 1is

Oesophageal length
body 1length

++
++
++
++

++
++

++
++

0.12
0.71
0.62
0,54
0.66

0.76

0.62

0.84
0.67

Tail
body -

=+

0+

++
0+

-t

=t

length :
length

O O O O

.20
.39
.00
.09
.00

0.57

o

.12

.60
.17

Tail
anai

length :
body width

4,43
0. 44
0.00
0,12
0.00

0.38
0.14

0.51
0.20



ALLOMETRIC GROWTH IN MONONCHOIDES POTOHIKUS N, SP.: The relation-

ship between two dimensions (X, Y) of an animal may be given

by the equation Y = bXa, the allometric equation, The allometric
growth coefficient (a) is the ratio of the geometric growth rates
of the two dimensions, and the constant (b) is of obscure
biological significance, It is related in some way to the basic
size difference between the two dimensions (Simpson, Roe and
Lewontin, 1960). Thus:-

Key

a = Kegx where Kgy = logeYt2 - logeYtl etc.
= logeYz = logeYl
log Xy - log Xy
When a = 1 the two dimensions have the same growth rate, and
when a = 0 Y has zero growth rate,

Table 2 contains allometric growth coefficients for

M. potohikus calculated from data for 12 individuals of each

stage. The individual measurements were also used in calcul-
ations for table 1, A representative of each stage is
illustrated in fig. 2. Due to negative growth.in some
dimensions and the change from rhabditoid to diplogasteroid
morphology between first and second juvenile stages, the sign
of each geometrical growth rate are given, Also, overall
coefficients from both first and second stages to maturity are

given, The following points are apparent:-

1, The rate of increase of body width is comparable with
increase in body length (i.e. growth is isometric rather
than allometric).

2, After assumption of the diplogasteroid form the
coefficient for oescphageal growth is relatively stable
and comparable with the 0.65 recorded for Panagrellus

silusiae by Gysels (1962) and Gysels and van den Haegen
(1962).



From the third stage growth in tail length is slight.

The negative growth in body length between L1 and L2,

and in tail length between L1 and L2, and L2 and L3 is
reflected in the distribution of signs of the geometrical
growth rates, .

The change in the ratio of growth rates of tail length
and anal body width is similar to that found for tail
length and body léngtho This reflects the approximate
equality of growth rates of body length and body width

(L),



100p A 50p B,E-G




FiGg. 3. Mesorhabditis littoralis n. sp.

A, Lateral view of entire female.
B. Oesophageal region of female.
C. En face view of 1lip region of
female, D. En face view at level
of base of buccal cavity. E,
Lateral view of female tail,

F. Ventral view of male tail.

G, Lateral view of male tail.



10

Superfamily RHABDITOIDEA (Oerley, 1880) Travassos, 1920
Family Rhabditidae Oerley, 1880
Subfamily Rhabditinae (Oerley, 1880) Micoletzky, 1922
Genus Mesorhabditis (Osche, 1952) Dougherty, 1953
Mesorhabditis littoralis mn. sp.
(Fig. 3 A-G)

MEASUREMENTS :
Holotype female: L = 0.664 mm; a = 18.2; b =5,7; c = 7.8;
et =6.1; v =336 9,
12 paratype females: L
0.043); a=16.,5 (15,3
c =7.8(7.4-28,7); <«
42.1)73.9 (72,3 - 82.3).

0.678 mm (0,596 = 0,720) (S.D. =
18.3); b = 5.7 (5.2 -~ 6.0);
5.4 (4.5 - 6,4); v = 38.2(28.2 -

t

Allotype male: L = 0.426 mm; a = 17.1; b = 3.8; c =7.1;

c' =4,0; T = 37.9%; spicules = 26 mu; gubernaculum = 16 j,
7 paratype males: L = 0.403 mm (0.334 - 0.440) (S.D. = 0.028);
a=18.6 (17,0 = 19,7); b = 3.9 (3.6 - 4.2); c = 6.9 (6.6 -
7.1); ¢t =4,1 (3.3 - 4,9); T = 36.2% (32.8 - 42.3);

spicules = 24 u (19 = 27); gubernaculum =15 u (13 - 16).

FEMALE: Small nematodes. Body gently curved ventrally when
relaxed by gentle heat (Fig. 3A). The six lips distinct, each
bearing one ‘prominent papilla and the subventral and subdorsal
lips two smaller papillae; no small papillae seen on lateral
Lips  (Figs 3B, C). Stoma long and narrow. Metarhabdions
each bear two tiny teeth (Figs 3B, D). No oesophageal collar.
Anterior part of oesophagus marked with transverse ridges;
median oesophageal bulb slightly smaller than posterior

(Fig. 3B). Excretory pore at level of ﬁosterior oesophageal
bulb, Cuticle smooth; subcuticle annulate, Prodelphic;
ovary reflexed about three-quarters of its ‘length; vulva
posterior, lips not protuberant (Fig. 34). Tail filiform;

phasmid at level of anus (Fig. 3E). Twenty eggs measured
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49,6 (S.D. = 2,9) X 26,9 (S.D, = 2,2) J; shell thin, smooth.

MALE: Similar to female in general morphology. Testis
single,vanterior tip reflexed; germinal arid growth zones
distinct., Spicules knobbed proximally, fused distally
(Figs 3F, G). Gubernaculum simple. Bursa leptoaeran° Two
pairs of papillae precloacal, three pairs postcloacal (Figs
3F, G). Tail filiform.,

JUVENILES: | Similar to female in general morphology.

TYPE SLIDES: Holotype, allotype and female, male and juvenile.
paratypes are -in the Nematode Collection, Department 6f Zoology,
University of Canterbufy, Further female, male .and juvenile
paratypes are in the Nematode Collection, Entomology Division,
D.S.I.R., Nelson.

TYPE LOCALITY: Himatangi Beach, Manawatu, N.Z.M.S. 1, N148,
751323, in partly stabilised sand under Ammophila arenaria

(L.) Link. Altitude 1.0 m, 0.5 km inland from high tide level,
Collected 19 November 1966 (Holotype and juveniles only).

OTHER SOURCE: Material collected from Himatangi Beach has
been supplemented with specimens from laboratory cultures.
The cultures were maintained under conditions similar to those

given for Mononchoides potohikus n. sp. Males are rare in

such cultures of M, littoralis.

SYSTEMATIC POSITION: The fdrm of the bursa of M, littoralis

n. sp. is not in accordance with the diagnosis of Mesorhabditis

given in Goodey (1963). However, the form of the lips, stoma,
dentition of the metarhabdions, absence of oesophageal collar,
fusion of spicules and distribution of papillae leave little
doubt as to the systematic position of the species. Females
of M, littoralis, however, fit the generic diagnosis and, of
the described species, M, labiata (V8lk, 1950) Dougherty, 1955

is closest to them. Apart from the presence of only four
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lips in M. labiata, collected from several species of earth-

worms, the two species may be most readily distinguished by
the similarity of the size of the two oesophageal:bulbs in
M. littoralis. In M. labiata the posterior oesophageal bulb

is almost twice as large as the median bulb.

REMARKS:  The paucity of specimens from the field reflects

a bias in the elutriation process (see IV.1),

Reproduction in cultures has been found to be partheno-
genetic, Males are rare in cultures, their occurrence
probably being determined largely by environmental factors

rather than on a simple genetic basis.






FIG. 4, Panagrolaimus australe n. sp.

A, Lateral view of entire female,
B, Lateral view of entire male.

C. Oesophageal region., D, En face
view, E, Lateral view of female
tail., F. Lateral view of male
tail. G, Ventral view of male
tail,
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Family Panagrolaimidae (Thorne, 1937) Paramonov, 1956
Subfamily Panagrolaiminae Thorne, 1937
Genus Panagrolaimus Fuchs, 1930
Panagrolaimus australe n. .sp.
(Fig. 4A-=G)

MEASUREMENTS :
Holotype female: L = 0,888 mm; a = 29.,7; b =5,7; c = 15.6;
et =3.2,. v =73743g5¢,
12 paratype females: L = 0.820 mm (0.670 - 1.000) (S.D. =
0.083); a = 26.4 (24.6 - 29.7); b = 5.2 (4.4 - 5.9);

- , T = , . _ 35.3 (29.0 -
c = 15,9 (13.7 - 18.9); c' =2.8 (2.6 - 3,2); V =
45.3)59.7 (58.0 - 61.7).

Allotype male: L = 0.690 mm; a = 28.8; b = 5.0; ¢ = 16.8;

c! =2,3; T = 51.4%; spicules = 28 ju; gubernaculum = 14 .

12 paratype males: L = 0.702 mm (0.595 = 0.795) (S.D. = 0.032);
a = 28.7 (25.5 - 32.8); b =5.0 (4.4 - 5.4); c = 16.9 (14.7 -

18.2); c' = 2,1 (1.8 = 2.3); T = 51.7% (47.8 - 58.8);

spicules = 28 1 (26 - 30); gubernaculum = 14 n (13 - 15),

FEMALE: ‘Body‘gently curved ventrally when relaxed by gentle
heat, Cuticle faintly annulate. Lip region continuous, but
body narrows markedly anteriorly; six lips and ten papillae
visible in en face view (Figs 4C, D). Elements of stoma
obscure but three distinct teeth present near base (Fig. 4C).
Oesophageal collar present (Fig. 4C). Oesophagus panagrolaimoid;
excretory pore at level of posterior bulb (Fig. 4C), Nerve
ring encircles isthmus; hemizonid not seen, Intestine thin-
walled; rectum slightly longer than anal body width; rectal
glands present; phasmid slightly anterior to anus (Fig. 4E).
Tail conoid with slight dorsal flexure distally; two tiny

papillae on each side, distally (Fig. 4E).

Vulval lips protuberant; vulva a transverse slit,

Prodelphic; gonad singly reflexed with germinal zone lying
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posterior to vulva;. post-vulval sac less than a body width long
(Fig. 44), Twenty eggs measured 55.5 (S.D. = 4.0) X 33,1
(s.D. = 1,3) p; shell thin, without apparent mammillation.

MALE: ‘Similar to female in general morphology. Posterior
half of body distinctly curved ventrally when relaxed by

gentle heat (Fig. 4B). Testis single, with tip reflexed

either dorsally (Fig. 4B) or, more typically, ventrally.
Spicules and gubernaculum simple (Fig. 4F). The following
pairs of papillae are present in the caudal region (Figs 4F,
G): subventral, anterior to head of spicules; ventro-lateral,
at level of cloaca; subventral and subdorsal, about midway
along tail; ventro-lateral and dorso-lateral at three-quarters
tail length; two subventral near tail tip. Phasmid slightly

posterior to cloaca.
JUVENILES: ‘Similar to female in general morphology.

TYPE SLIDES: Holotype, allotype and female, male and juvenile
paratypes are in the Nematode Collection, Department of Zoology,
University of Canterbury. Further female, male and juvenile
paratypes are -in the Nematode Collection, Entomology Division,
D.5.1.R., Nelson.

TYPE LOCALITY: Himatangi Beach, Manawatu, N.Z.M.S. 1, N148,
751323, in partly stabilised sand under Ammophila arenaria (L.)
Link. Altitude 1.0 m, 0.5 km inland from high tide level.

Sand collected 6 June 1967 was extracted using Baermann funnels

and P, australe recovered used to establish monoxenic cultures

on asparagine-mannitol agar with Bacillus cereus var. mycoides,

The type material was removed from one such culture on 8
November 1967,

SPECIFIC DIFFERENTIATION: Of the described species of

Panagrolaimus, P, rigidus (Schneider, 1886) Thorne, 1937 is

closest.to P, australe n. sp. Apart from morphometry these
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two species may most readily be distinguished by the location
of the phasmids near the cloaca in P, australe but more
posteriorly in P. rigidus. The distribution of caudal

papillae in P, rigidus has been variously figured (cf. Goodey,
1951; K8rner, 1954; Thorne, 1937). The relative lengths

of the corpus and isthmus as well as the apparent presence of

12 cephalic papillae in P. rigidus serve to further distinguish

the species,

REMARKS : In culture P, australe has been found to be strictly

amphimictic,
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Reprinted from the Now ZeALAND JOURNAL OF Science, Fol. 10, No. 3
September 1967

OBSERVATIONS ON PHYLOGENY AND
EVOLUTION IN THE DORYLAIMINA
(NEMATODA)

By G. W, Yeares, Department of Zoology,
University of Canterbury, Chrisichurch

{Reveived for publication, 1 May 1957}

Summary

Torumanawa wohapuensis Yeates, 1967, indicates that the Aporcelaimidac Heyns,
1965 can be derived from the Ny olaimidae M eyl, 1960, relationships of the nygeolaimoid
and mononchid lines with the Bathyodonticlae are d;sws%ed on the basis of buccal
armature and the form of the cesophago-intestinal junction, It 18 suggested tmt
Campydora Cobb, 1920 warrants a distinct f’amz!yau the erection of the Auvlolair i
Satrajpuri, 1964 for drloleimoides Micol.. 1915 does not séem justified. Ob 5
of Doryiaimellus :w‘zarzém ¥ eates, 3064 .md L\d’mrwtmn nf Ilmzatum Teave lx iiv doutt
the (\%,m,,}hdsrea )
1939 and the Ny
synonyms of Dor 3?}1@54‘_
tionary history of ttﬁz ?39
Hon of the

;p uri, l‘lr4 is a fixn w amf*wt and the famz}u,s ul‘C
Man, 1576 and Nygolaimidae Meyl, 1960, The evolu-
ided scoms to be concerned, primarily, with modifica-
I tooth and there ts evidence of a convergence towards
the tylmplnd form bi 'sj‘t. d vesophagus. | duction of the number of og sophageal
gland nuclel seems comay wr' dorylains but can be of little use in higher
taxanomy uith the number ,md p«mtioﬂ of these nuclei are determined ericically tor
MADY: SPEcies,

INFRODUCTION

Owing o the ahsence of 4 useful palacontological record, speculation
an nematode inferrelationshins is based on knowledge of neontology,
The extensive areas of the world’s surface which have pot been examined
by nematologists severely limit our knowledge of neontology.

The present paper 1§ fargely the outcome of the study of Torumanawe
wakapuensis Yeates, 1967 which appears to represent a link between the
Aporcelaimidae Heyns, 1965 and the Nygolaimidae (Thorne, 1935) Meyl,
1966, This genus could well form the basis for a new family or subfamily,
but if all such phylogenetically interesting taxa were treated in this manner
an obscure, top-heavy classification would result; in place of this a
svathesis of the relationships of the Dorylaimoidea is offered.

The phyletic relationships suggested for the Dorylaimina are outlined
w Fig. 1. The Bathyedontidae appear to be related to the Nygolaimidae,
on the one kand, and the tuberculate Mononchidae, on the other, by the
possession of three oesophago-intestinal glands. The bathyodontid stock
has a weakly sclerotised stoma with three similar tecth and while the

N 2 Seil ) 6R1-700
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mononchids possess a strongly sclerotised stoma which retains traces of
these three teeth, the dorylaims possess only a single tooth, the stomatal
sclerotisation being slight. In the dorylaims the tooth develops in a
subventral sector of the oesophagus and migrates to its functional position,
but in the monenchids the stoma dcvehﬁps in situ.
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The observations of Thorne (1930, 1935) on the derivation of the axial
; ;u_mmd spear fram a suh entral ‘moth seeny to have been overlooked
bs many ers, us does Lobb’s (192?' statement t‘h.«u“\, 'ygolaimus
“may possi card *d s Q lmnwtmncti form™ iu the evolutipn of the.
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dorviaimoid spear. Thorne suggested that the development of a ventral
grogve ina mural tooth such as that of Nygolaimus brachyuris or Sectonema
ventrale tesults in a hollow axial cylinder through which food passes.
This concept is supported, it was claimed, by the dorsally oblique spear
aperture and the apen crack in the developing axial spears of Dorylaimus
cand Aetinolabrus, The posiion n which the spears develop makes the
acegptance of an ancestral form with a subventral tooth almost imperative.

In thelr redescription of Barhyedontus cylindricus Fielding, 1950 and
B. mirus {Andeassy, 1936), s'Jacob and Loof (1962) show clearly. three
components arranged longitudinally in the stoma. Although not normally

_described, there are also three sections in many Dorylaiminae; the spear,
the spear extensions and a section apparenily exactly comparable with
what &' Jacob and Lool described as a “long tubular part which is slightly
wider than the lumen of the gesophagus proper, {rom whxch it is dns~
tinguished by its walls bes ¢ more refractive”,

Coormans (1963 has drawn attention to simil autmc between the
stomatal musculatore of the Dorylaimoidea and Mononchoidea, and to
spear and siomatal develepment ifself.

The presence of oewp]-a*ro-mtestilnl glands, which are stated to oceur
only in the N ygoidmuduz, and Drepanodories Altherr, 1954 (Dor ylaimidae}
amongst the D()ﬂiammuiea, and in Torumanawa which otherwise scems
to be a good member of the Aporcelaimidac suggests its close relationship
to the Nygolaimidae, Clark (1960) distinguished between tubereulate and
non~tubcruu]am oesophago-intestinal junctions in the Mononehidae and
later (Clark, 1962a) contended that the elaboration of these structures
was strietly a mononchid development. The presence of oesophago-
fatestinal glands in th 'L‘"N’\'galaimida., is well documented, but in the
rather poorly knows Bmhydnntldm. they aré appa[ontly present i
Qionehus Cobb, 1913 and Mononchulus Cobb, 1918, Clark (1961) has also
noted a relationship between the Bathyodontidae and Nvaolatmldcm

Clark (1962a) suggested, on morphologu,al grounds, that the immediate
ancestral form of the fononchidae resembled the modern Bat] hyodontidae
more than any ether group. The ancestral mononchid pmbabis differed,
he stated, from the present da} Rathvodonttdae in possessing a tooth oo
gach of the three stomatal sclerities, reduction in the number of teeth
appearing to be the derived rather than the primitive condition in the

- Enoplida,

bt

Twe BATHY()'D{}NT}DAE A% REPRESENTATIVE OF THE
; ANCESTRAL FOoRM oF 1 DORYLAIMINRA
The family Bathyodontidae Clark, 1961 was diagnosed as “Monon-
choldea. Wo setge. Stoma ¢ylindrical, narrow, composed of anterior and
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posterior sets of three abutiing plates. the anterior ones more heavily
selerotised than the posterior ones. The posterior elements, or the posterior
limit of the anterior ones bearing a single tooth. Tooth left subventral in
Mirolaimus and Bathyodontus, and repuotedly dorsal in Qionchus. Amphids
cupeshaped, small. Ovariés single or paired, reflexed; tadl short, rounded;
caudal glands and terminal duct present. Only females kpown, Free- h\m“
in soil. Type genus: Bathvodonus Fielding, 19507,

Sinee the erection of the family several genera, including some in which
males are known, have been transferred to i1, their previous diverse
taxonomic positions supporting the idea that the family represents a
primitive stock. The generd now included are (Jairajpuri and Loof, 1966;
de Coninck 1965):

Bathyodontus Fielding, 1930 (== Mirolaimuy Andrassy, 1936)

Isclaimium Cobb, 1920

Monenchulus Cobb, 1918

Oionchus Cobh, 1913

Stephanivm Rabm., 1938,

In addition to the ¢haracters of the family the following features appear
of importance in ¢ensidering these genera, allowances. being made for
some older descriptions:

Fxcretory pore prucnt or absent.

Oesophagus eylindroid.

RFCI I

-Oesophago-intestinal junction with three ;il:mds or a valve
Prevectum absent,

Adhesive organ present in all but fsofuiniium,
0. Testes paired, opposed, oulstretched.

o

7. A row aof midsyveniral supplements plcsem in the males, a distinet
gap being puﬂsum between the cloaca and the most posterior supple-
ment. (i.c. 7o adanal pair of supplements),

8, Gubernaculum present (fsolaimium, Monone 7nmrs ) or abwnt([imkwp-
doritus, Stephcnium), ‘

9, Lateral guiding picees absent in Barhmrz’omm and Isol(ifmm:r»
apparently absent i Mononchulus and Stephanium.

The candition in marine Enoploides suggests that the sclérotisation of
“the stoma in the modera Bathydontidae and Ménc’mciﬁdae is not o
primitive character and although reduction in the number of teeth is
probably a derived rather than a primitive characler it is perhaps sig-
nificant that it is normallv a subventral tooth which persists. [In the
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Dorylaimoidea the feft subventral tooth pormally persists but in New
Zealand- specimens of Nygoluimus (Nvgolaimusy divectus Fleyns the tooth
has been found to be right subventral: from Jairajpuri and Lool™s (1966)
work there is a possibidity of variaiion in the side on which the mural
tooth of Moenonchulus nodicaudatus ocewrs, and they Tound the tooth of
()wm‘huv obtusiyy to be righr subventral not dorsal as claimed by Cobb

9]3).] 1t is possible, therefore, that a pre-hathvodontid with oesophago-
mtwuu«ll glands. three teeth and nen-sclerotised stoma gave tise to what
we now know as the Nygolamidae and that a line in which the stoma
hecame heavily sclerotised gave nise o the Mononchidae as sugeested by
Clark (19624) except that there is now more evidence for regarding the
tuberenlate form as the more primitive.

The oesophagus in modern members of the Bathvodontidae 15 basically
cyhindrical, although in some cases there is some widening towards the
posterior. Whilst the Mononchidae vetain the cvlindrotd form, in the
Dorylaimidae the posterior pordon of the  oesophagus is typically,
distinetly wider than the anterior portion. The nygolaimoid cesophagus
represents an intermediate condition.

The sclerotised tuberculate oesophago-intestinal junction of some
- menenchids (Clark, 1960} and the ogsophago-intestinal glands of the
nygolaimids and Torumanawa may be readily derived from the oesophage-
intestinal glands of the pre-bathyodontid. The “ransparent zone” in the
noen-ubereulate mononchidy (Clark, 1960) and the pesephago-intestinal
dise of certain aporeglaimids (Heyns. 1965) may represent a fusion of
these glands, The mononchids and nygolaimids are predatory, and
Ficlding (1930) has suggested that Bathyedontus cylindricus is also preda-
tory. Among the aporcelaimids the predatory habit is somewhat less
pronouneed and Torwmanawa wahapuensis is believed to leed on algae.

The possibility exists thm the presence of oesophago-intestinal ¥ lands is
associated with a primitiv ;prcclalom ‘Tabit,

An excretory pore has been recorded in three species of bathyvodontids
and not in the other six, but the descriptions of some are meagre. The
occurrence of an exeretory pore in the Dorylaimoidea and Mononchoides
is spasmodic (see Yeates, 1967a) and it is best developed in Campydora
Cohb, 1920, a genus of uacertain positiun.

According to Clark (1962b) the adanal (strict] y ‘adeloacal’) supplements
of the Dotrylaimoidea are paired and those of the Menonchoidea single.
The distribution of supplements in the Mononchoidea, gnd more par-
ticularly in the Bathyodontidae, suggests that jn these groups the adanal
supplements may, in faci, be absent. The ventro-median series of snpple-
ments in the Dorviaimoidea seems 1o be homologous with these and the
paired adanal supplements may be derived from a structure comparable
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with the hilobed pre-cloacal Tap of some Trichodorus species (Allen; 1937,
Yeates, 196703 This is not intended to point to any close relationship
between the IDhiphtherophoridae and Dorylaiminae, but suggests parallel
evolution ar convergence (see Clark, 1962b). In Vanderlindia duplopapiliata
Hevis, 1204b, an interesting genus placed in the Tylencholaminge by
Hevns, the adanal supplements are paired. and the more anterior series
is composed of two, aiternating, rows.

The divergence of (he nygolaimid and mononchid stocks, with the
principle changes involved, 1s illustrated in Fig. 2, and in Fig. ] this can
be rélated to subsequent evolutionary trends.

MODERN
EATHY UDONTIDAE

Loss of variousy
characters, vary-

i N N madar )
PRE-NYGOLALMID LOR L?;:izﬂﬂT°“e‘“ PRE-MONONCHID

Oezopbagus tendlng Sglerotvization of
to doryvlaimoid sgoma

Development of
paired adanal
supplements

Loss of adhesive-
grgan - \

PRE-RATHYODONTID

Stome unsoleravised, with three testh
Three cesophagu-intastinal zlands
Uegophagus oylindpical

Excrutory pore pregent

Gonads. palred, oppused

Ventro-median series of supplements
Gubeyxnaculum present

¥ Latveral guiding pieces present
Adheszive organ present

F16. 2 - Hypothetieal stages in the origin of the Dorylamina

SURSEQUENT BYOLUTION IN fHE MONONCHOIDEA

The evolution of the Mononchidag has been discussed hy Clark (1962a).
The divergence of the mononchids with a tuberculate oesophago-intestinal
junction from the non-tubercidate forms appears to be {undamental
although there have beer several suggestions as to the stage at which the

separation oceurred (see p. 687, also Clark 1960, 1962a).
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Little can be said of development of the Bathyodontidae themselves.
The main precess seems 1o have been one of loss, whether it be the
oesophago-intestinal glands, the gubernacuium, or the adhesive organ,

THE STATUS OF THE FAMILIES BELONDIRIDAE Tror~g, 1939
ANP NYGELLIDAE JAaRarpurl, 1964

The Belondiridae are characterised by “bast al enlargement of oeso-
phagus . . . always surrcunded by d.sheath of spiral m usules {Thorpe
1939: 117). In discussing this family Thorne (1939: 117) stated that
“Belondiridae consist ‘of six geners which 'rk,pl’t;sesxt widely divergent
types” but they are linked b} the possession of a “spiral musculae sheath”
around the posterior pertion of the nm:rphnﬂus , Lndmcc from a variety
ol sources suggests that the “spiral muscular sheaily’ is an artifact and the
families diagnosed by it are thus uwitenable. The known gencra of the
Belondiridae and Nygeflidae can readity be placed iy other families.

1n discussing the marphology of the nematode oespphagus, Allen
(1960a) notes that externally it is covered by a membrane that scparates
the oesophagus from the pseudocoele, and Crofron (1966) refers o the
pmsit}e rode of the “fibrous connective covering of the outer wall” of the
oesophagus. Owing o s having a cuticular lining the oesophagus is
generally regarded as ectodermal, but Hyman (1951) pointed out that in
all detailed embryvological studies the ccsophagus (7 ectodermal), the
midgut cpithelium endodermal), the body-wall musculature and the cells
of the pseudocoele (mesodermal) have all been found to have a common
origin. However. the presence of a true stomodaevm in Acanthocephala,
Entoprocta, Rotifera and Gastrotricha coupled with the cuticular oeso-
phageal lining in nematodes points to the nunamde pesophagus being
ectodermal in nature, if not in origin. This seems inherent in regarding
numwdcs as pseudocoelomate, According to Allen (1960a) the sheath
is an inherent part of the oesophagus and is thus ectodermal in nature.

The loﬂnmng zenera have bwn said to possess a spirally marked ocso-
phageal sheath:

Belondirg Thorne. 1939

Axonchium Cobb, 1920

Oxydirus Thorne, 1939

Swangerio Thorne, 1939
Duorylaimeling Cobb, 1213
Falcibaste Clark, 1964
Paraxonchinm Krall, (458 (7 spiral
Nygellus Thome, 1939
Nygolaimellus Loos. 1949,
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Thorne’s comment on the ‘widely divergent types” in the Belondiridae has
already been noted. Axenchium has many features in common with
Discolaimivin Thorne, 1939, one of the few genera tn which a simple
sheath-like membrane has been described as occurring around the base
of the vesophagus. Andrassy (1939) has noted that Thornenema Andrassy,
1959 is very reminescent of Oxvdirus. CGoodey (1963) synonymised
Paraxonchium with- Drepanedorus Altherr, 1934 and recently Jairajpuri
(1966) has reported the occurrence of oesophago-intestinal glands in the
genus and twisting of the body of D. rabmphionus Jairajpuri, 1966 on
fixation. The diagnoses of the Belondiridae and Nygolaimidae were
stightly modified by Clark (1961} so that Nyge/fus could be placed with
Nygolgimus Cobb, 1913; these two genera are very similar except for the
presence of a ‘spiral gesophageal sheath’ in Nygellus; Nygolaimellus is
also simifar to them but has a bibulbar oesophagus and was placed in
its own subfamily,

When maore than half of the known genera of a family, with such a
characteristic feature, can be readily related to other genera in various
families some doubt must arise as to the validity of the family, Of all the
genera said to possess a ‘spiral oesophageal sheath’ the anatomical details
are best known for Dorpvlaimellus, and one cannot but be struck by the
variation recorded in several characters, e.g. the cuticle may bear pro-
minent striae, weak striae. or be smooth: the vulva may be longitudinal
or transverse; perhaps of greater significance is the presence or absence
of so-called lateral guiding pieces which sgem to be merely sculpturing
on the cloacal wall and possibly rather artifactual. More fundamental are
the observations of Thorne (1939), and Heyns (1964a) which cast doubt
on the presence of what has been regarded (viz. Jairajpuri, 1964b; Goodey,
1963) as a “spirally marked muscular oesophagenl sheath’. Both Thorne
and Heyns remarked on the ‘characterigtic twisting of the body in
Dorylaimellus spp’. When a character (the spiraf sheath) which may be
rather obscure, is spiral in nature and is imposed on another character
{the sheath), which itself, when fixed, seems to be in a different condition
to that in vive some doubt must be expressed when it is claimed to be
taxonomically significant. A similar situation appears to prevail in
Drepanodorus.

It has been pointed out recently (Geraert, 1966) that there is doubt as
to whether Dorylaimus rennicaudarus Bastian, 1865 belongs to Meso-
dorylaimus Andrassy, 1939 or is a synonym of Oxydirus oxycephalus
(de Man, 1885) Thorne, 1939. The synonymy with O, oxyeephalus is
supported by body length, value of b and the tail shape. Geraert points
out that the recorded position of the vulva is 30-55% for D. fenuicandatus

but 36--39 % for the two deseribed species of Oxvdirys.
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If the presence of a ‘spiral muscular sheath’ is so taxonomically sig-
nificant as to warrant the crection of a separate family it is remarkable
that Thorne, who erected the family, should illustrate Axonchium am-
plicolle without indicating the sheath (Thorne, 1961: 484) and cven more
remarkable is the omission ol any reference to the occurrence of both
dextro- and laevo-spiral: sheaths. Heyns, (1964a) ill ustrated species of
Dorylaimellus with each type of spiral and Goodey (1963 : 462-4) provides
a ready comparison of (h‘,’ dirus oxyee, fliulmdm with Swangeria fragilis.

OBSERVATIONS ON I}nrylmfmellu.v tahatikus YE;\TES, 1967

After this species had. been described further material was collected
from the type locality and examined, both alive and dead.

At 320 x magnification the oesophageal gland ducts were visible in
live specimens and at 500 > magnification, a simple outling to the
ocsophagus was visible and the oesophageal gland nuclei appeared as
darker areas. During a half hour period of observation, at 1,250 < mag-
nification, on live material the cuticular lining of the oesophageal hnncn
- was found to be extremely rigid and at no time did it bend to an extent
greater than that illustrited in the original description (Yeates, 1967a
Fig. 10a). On several occasions when the oesophageal region was strongly
bent ventrally, distinet ‘ereases™ appeared in the more ventral portion of
the ownphawx These ‘creases’ hegan about the level of one or other of
the oesophageal gland duet orifices and ran ventro-posteriorly from such
points. In all cases as soon as the body was straightened all visible sign
of such ‘creases” disappeared. In addition to the appearance of these
so-called ‘creases’ there did seem to be some degree of rotation of the
oesophagus relative 1o the body wall during some of the movements of
the ocsophageal region, -

In a juvenile specimen examined a clear, ovoid vesicular region was
present adjacent to the %buonda,ry spear {7 in opposite subventral sector)
and of similar length to it,

After the mount containing thc spcumcns was gently heated, until
‘heat pdmlysxs had been observed, the following changes were recorded:

1. The vesicular region was no longer visible.
The perioral cuticularisations which had not been seen previously
became visible. This may well be a result of the unmohxhtv of the
lip region allowing more detailed observation.
A spiral oesophageal sheath” was readily distinguished even at lower
magnifications.

Well-fixed specimens of D. fuhatikus were sectioned, after being em-

hedded by the double-embedding method (Wigglesworth, 1959) and then
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stained with Ehrlich’s Acid Huaematoxylin and eosin. When these [0p
sections were examined no evidence 1o support the presence of a ‘sheath
of spiral muscles’ around the posterior portion of the cesophagus was
found,

CONCLUSIONS

Qbservations on live material support the idea that what Thorne (1939)
termed a ‘“‘sheath of spiral muscles™ is related 1o the *characteristic
twisting of the body in Derviaimelluy spp.” It may be suggested that the
twisting is in ttself of taxouomic importance ‘but the relative rotation of
the oesophagus and body recorded for D, raharikus has heen observed
in live nematades of several orders. [n none of these orders does a ‘spiral
sheath® appear to be present. No sign of a “spiral sheath’” was seen in
sections. The character upon which the diagnoses of both the Belondiridae
and Nygellidae are based thus scems to be an unsuitable basis Tor such
high taxa.
The follpwing disposition of generu is proposed:
Belondira Thorne, 1239 to Dorylaimidae; Docylaiminae.
Axonchion Cobb, 1920 to Dorylaimidac: Dorylaiminge, near’ Dis-
coluiminm Thorne, 1939,

Oxpdirus Thorne, 1939 to Dorv]anmdm Dorylaiminae, near Thor
nedema Andrassy, 1939,

Swangeria Thorne, 1939 to Dorylaimidae: Actinolaiminae, possibly
near Trachyplewrosum Andrassy, 1959,

Dorylaimelfyy Cobb, 1913 returns 1o Dorvlamidae: Tylencholaiminae

where Thorne (1935) placed it '

Falcihasta Clark, 1964 to Dorviaimidae: D(H’}’Llln'lllhlc. near ()\’Pr[u s

and Thorrenema.,

Paraxonchivm Krall, 1958 previously synonymised with - Drepanodoris

Altherr. 1934 by Goodey, 1963,
Nygellus Thorne, 1939 returns to Wygolaimidae: Nygolaiminae,
Nygolaimellus 1.oos, 1949 returns to Nygolaimidae: Nygolaimellinae.

Belondiridae Thorne. 1939 is thus a synonym of Darylaimidae de Man,
1876 and Nygellidae Jairajpuri, 1964 a synonym of Nygolaimidae (Thorne,
1935) Meyl, 1960,

Tur PosttioN oF Campydera Cosg, 1920

The position of Campydora Cobb, 1920 has been regarded by many
workers as uncertain, Although the oecurrence of a dorsal tooth in certain
bathyodontids has now been discounted, records by Cobb (1920), Thorne
(1939 and Jairajpuri (1964a) for C. demonsirans and Andrassy (1954) for
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¢, badatonicus leave little doubt as to the dorsal position of the tooth in
this genus. The presence of an excretory pore is not of particular sig-
nificance and the apparént volvular nature of the short oemphagual bulb
is also seen in Celofaimas Timm, 1964 (Leptonchinae).

It has already been poted that in both ?\\go/aum(.v 'md the. Bathyo-
dontidae the mural tooth may ocour o thie left or on the right subventral
side of the stoma, Thare is little doubt that dorsal pmmomng of the tooth
is basically different from subventral on either side, and this suggests that -
Camp pdora yepresents an independent dc\miapm&,nt of the pre- -bathyodont

stock. The absense of a presrectum also isofates ampydora from the
nygolaim stock and it wppmc,d derivatives, ,

The two described species of’ G ampydora are distinctive ;md cannot
reasonably be included i the nmc ﬂum!v as thme of any other genus and
Yairajpuri’s (19(344),1 ctien of restricting the Campydoridae to these two
species sgems justified. The taxonomic position.of ﬂu, family is. however,
uncertain,

THE P(‘?Sl’“l‘mt\’ OF Aulblur‘n'midev Micor., 1915

»w]nimaawzde.s elegans lel"vk\ l‘?l\ was placed in the Campy
doridae by Clark (1961} who regar cd thc family, gs then constituted. as
a-“taxonomie expediency”. Jairajpuri U%—’lb) propomf tfmt A. elegans
hmlld be the e type, and only, species of the Aulblaimoididae Jairajpuri,
1964; he also translerred Tyleptus Thorue, 1939, which Clark had’ placed
in the Campydoridae, to the Leptonchidae Thorne, 1935, The following -
characters, Joirajpuri claimed, separate nwin{asmortfev fromy all the
Leptonchidae; spear, ucst)phds.,u\ spicules, presence of a gubernaculum
and the minute ribs supporting the plmrynvedﬁ wall, {rt late w {he
spear of 4. elegans, s illusirated by Thorne (1939), is typically daryl&inm{d ,
and it is pmmble ihat ths., duriai vigw {*I lht antulor part, of the body

ive Ag: car cmnpcmnd

phaoml bulh w]mh Tmr ipuri. !;ic%f'lbgd as ~.hort mquetmm basal
“sucking hu}h has fum;larm, s with that of Telepeus in particular and other
leptonchids in ga Mhe spicules of A, elegary are distinctive in some
respects, but tw Lupwnvhldne tend to have rather longer spicules than
other Dorviaimoides, The presence of a gubernaculum is not of particular
significance, gubernacula having been recorded in the following diverse

Selence 7



694 NEW ZEALAND JOURNAL OF SCIENCE [SEPTEMBER

Dorylaimoiden--Nygolaimus spp.. Nygolaimoides horborophilus (de Man,
1876) and Amphidorylainus congonensls Andrassy, 1960, The ribs in the
pharyngeal wafl are remingscant of those found in the Actinolaiminae,
but as a high degree of development of the spear is coramon in the
Leptonchidae cuticularisation of Lthe surrcunding stoma is not out of the
question,

There scarcely seem adequate grounds for placing Awlolaimoeides in a
separate family when it has such distinet affinities with the Leptonchidae
and possible affinities with the Actinolaiminge and Tylencholaiminae,

Evorornion Wirrs 1 DORYLAIMOIDEA

Before the interrelationships of the Dorylaimoides are discussed
further seversl points require clarification, The guiding ring has been
showri to be of essentially the same structure throughout the Dorylai-
moidea, including the Nygodaimidae (Goodey, 1961). Yeates (19674) has
discussed the oceurrence of the excretory pore as a primitive character
which appears as if at random throughout the Dorylaimoidea. The
gubernaculum seems to have a similar type of distributioa (sec p. 693).

No attempt has been made to place the Opailaimidae Kirjanova, 1931,
Clark (1961} cast doubt on'the validivy of the tamily and Jairajpuri {1964b)
omitted it and both of its genera from his “Qutline of the Superlamily
Dorvlaimoidea”.

The relationship of the Aporcelaimidae has already bx.en discussed,
and the Dorylaimidae seeny to be linked to the aporcelaim stock by
Takamangal Yeates, 1967,

The evolutionary history of the Derylaimoidea [s apparently concerned,
primarily. with the modification of the primitive mural tooth of the
nygolaimoid stock, The transition 1o the simple axial spear of the
Dorylaiminae has already been discussed and, apart from the apparent
retirn to the mural tooth in Sectonenma Thorne, 1930 which has heen
suggested by Heyns (196%), subsequent evolution has involved further
dwelnpmt.m of* the axiul spear and its extensions. The everall tendency
in development of the spear is one of convergence with the Tylenchida
and this is supported by the shortening of the vesophageal bulb.

The Dorylaimidae show this tendency clearly, the BDorylaiminae
representing the basal form and the Longidorinae the advanced type.
Jairaipuri (1964b) repards the Longidotinag as having family tank,
apparently largely on the basis of the short oesophageal bulb., However
in the Leptonchidae some species of Doryluimerndes have an oesophageal
bulb whose leagth is similar o that of more typical Dorylaimidae, The
Leptonchidae are a rather heterogeneous family, especially in the develop-
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ment of the spear, but the form of the vesophugus and the small number
of preanal supplements serve (o unite them. The occurrence of a small
number of supplements in some Tylencholaiminse combined with the
variatjon in the length of the oesophageal bulb shows that higher taxa
cannot always be ‘pigeon-holey’ and they must reflect, to some degree,
the gradual process of evolution and the fagt that not alf organs or organ
systems evolve at the same rate. -

Lower taxa erected smee Clark’s revision of the higher taxonomy. of
the Dorylaimina are intesesting in that they show there is, besides the
reduction in the size of the ogsophageal bulb of *higher” fornis an apparent
tendency Lo reduce the sumber of oesophageal land nuclei. This will be
discussed in greater detail in the next section. In the"fy'lnnclﬁdu, however,
three oesophageal gland nuctei are usually present. although two very
senal]l ad il nueled are visible in-some specimens (Thorne, 1961 : 80),
When it is found that the *highet” dorylaims with spears of narrow aper-
ture and short posterior oesophazeal bulbs also tend 10 baye three such

nux.lfn the degree of convergence is warthy of comment. The betier known
a of ‘higher’ dorylsivs include Xiphinema and Longidorella which

Py

2ENer;
have a similar mode of {ife to fhe Tvlenchida ju that they are vegarded
as plant-parasitic. Waliage (1963) made no distinetion between the general
migthod of feeding of the two groups and this retlects the similarity oi the
struciures itvol xed

CTaBLy A--Anatomical Features of the Spear and Oesophagus in

vienchids® and *Higher Dorylaims

’ 'Higher dm'y‘l:‘tims’

Spear slender with parvow aperiure

Speny consists af metcnduum .md
telenchiuny L

Spear usially \,\»‘i[l‘\; basal knohs

Spear derived Trom walls of tnceal
wavity amd (viradiate in nagure

Anterior pottion of vesophag
Three ovsophageal gland apeler .
All vesophageal gland ducts open in

median bulb (Aphelenchoiden) or
dorsally in procorpus (Tylenchoidea)

Median ‘sucking” ogsophageal bulb
distinet from posterior bulb and
oesophago-intesting

Oesophagenl glands form distingt
postaiior ogsophageal yulh

slender..

Spear slender with narrow aperture

“Spear” copsisis of spear and spear
eRtensionsg

Spear with basal kiwbs. in Xiphirema

Spear arjses from subventral sector
of vesophagas

Anterier portion of vesophagus slender
Three ossophageal gland nucha

All o
posterior buth (see Hooper.

fucts open in
96D

sophageal gland ¢

’l’mrcnm aesophageal bulb associated

with oesophagd sitestinal valve”

(,)a.:ﬁuphﬂ,‘.w@il slands contained within
nosterior gesophageal bulh
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Fram Table | the degree of convergence in members of twe apparerntly
distinet orders can be readily seen. The location of the oesophageal glands
is the most significant difference although the reduction to three, if it is
indeed a reduction in the tvlenchs. possibly fas the same origin in that
in a short, compact bulb there may be little room: for oasophageal glands
{they seem o have been Anally-excluded from the bulb in the Aphelen-
choidea) and the reduction to a single gland in each sector (one dorsal,
two subventral) is a logical consegquence.

Tre NUMBER AND POSITION OF QESOPHAGEAL GLAND NUOLES
IN THY [JORYLAIMING

A survey of the available liserature on the Leptenchidae and ‘highet
Dorviaimidag suggests there is a tendeney to seduee the number of
ocsophageal gland nueled, According to Clark (1962h) in the Alaiming the
ocsophageal gland cefls are uninucleate and five to seven in pumber but
in the Dorvigiming usually five, rarely three, in nwnber. Occurring, as
it does, in the higher” Dosvlaimeidea, the presence of three oesophageal
gland neclei may form the basis of some higher taxa. Because of the
present confused situation. and since both the number of nuclet and their
position {1.¢. which of-the five are represented) must be considered, any
such taxa will be the outcome of considerable crivical work,

Published duutpmns suggest the Leptonchidae typically have three
oesophageal gland nuclel. The presence of three such nuclei was said to
be diagnostic of Lepronchus Cobb, 1820 when the genus was erected;
although this character is amitted from the amended diagnoesis-given by
Loof, (1963} no species has been stated to have any number other than
three, and it is probable that where only two nuclel are portrayed three
are in fact present. Although Jairajpuri {(1964c) omitied any reference to
vesophageal gland nuclei in his studies on Prolepionchus Lordello, 1955
the apparent close re ,Iau\mshlp ol this geaus o Leptonchus and the
available information on 2. aestivys Lordello, 1955 and £, clarus Thnm,
1964 sugpests three nuclei are present in this genus; the situation in
P, saceams (Clark, 96’7') will be discussed later. Little information is
available on Dorylaimoides Thorne and Swanger, 1936 (syn. Turjania
Brzeski and Szezygiel, 1961) but only two ocsophageal gland nuclei were
iltustrated in both D, parareres Siddigi, 1963 and D, pakistanensiy "stddl,ql,
1963, In both Fvlepeus projectus Thorne, 193§ and 77 striaius Hevns, |
only three oesaphageal gland nudel have been reported. The mwmmn,
tn Basireryleprus Jairajpurt, 1964 (syn, Trichonchium Siddiqi and Khan,
[964) i« probably similar to that in Tlepiuy, ong or two nuclel being
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lustrated in - the various species. The number of oesophageal gland
nuclei in Fylencholaimetlos N. A, Cobb in M. V. Cobb, 1915 is uncertain,
Thorne (1939) apparently illustrating many (?six) in 7, affinis (Brakenhoft,
1914) whereas four are said to be present in both 7. viridis Jairajpuri, 1965
and T. simidis Jairajpurt, 1965 and only one bas been reported for 7
obseunrus Jairajpurl, 1965, The situation s similar in Doryifium Cobb,
1920; Thorne (1939) portrayud many i D, wniforme Cobb, 1920,
Grandison (1964) two in. D. australe and none were indicated in D, minor
Yairajpuri, 1963. Nothing is known’ concerning the occurrence of peso-
phageal gland nuclei in Calolaimus Timm, 1964 or Botalium Heyns, 1963
but only a dorsal nucleus was 1]1u%rdted in Xiphinemella ormatum (Loos,
1949), Leptonema thornei Jairajpuri, 1964 and Dorella mira Jairajpuri,
1964, the type species of their respective genera were both dcqcrlbcd as
having five ogsophageal gland nuclei
Several genera not included in the Leptonchldcm by Gc)ndcy ([96‘%} or
by Jairajpuri (1964b) appear to have fewer than five oesophageal gland
nuclei. Vanderiindia Heyns, 1964 (? !Vlumho}mmmae) has only three
gland nuclei in an ogsophagus which is almost cylindroid, Lordeflonema
bauruensis (Lordello, 1957) was illustrated as having only twu oesophageal
gland nuclei and in L. poresum (Heyns, 1963), which was originally
described as the type of a new leptonchid genus, three nuulel are present,
Despite intensive work on Lowgidorus (waietik) 1922) data on Qes0-
phageal gland nuclel are poor, although in 7. afzali Khan, 1964 five
nuelei are said to be present. In Xiphinema Cobb, 1913, both X. basiri
Siddigi, 1959 and X, aroum Khdm 1264 have been described as possessing
five oesophageal gland nuclei. However after sectioning aesophagi of
Xiphinema spp. both Allen (1960b) (working on X, index Thorne and
Allen, 1930) and Coomans (1965) (wmlung, on X, basilgpodeyi Coomans,
1965) found only three nuclel and Allen amgwtcd that the two most
Dml nor nuclei illustrated in X, /ndex were either marginal or radial
muclei. Three oesophageal gland nuclel were illustrated in- X, orbum,
hgmts of Nordia thernei Jairajpuri, 1964, N. okhlaensis Jairajpuri, 1964,
N. penetrans (Thorne and Swanger, 1936) and Longidorella parva Thorne,
1939 suggest that both genera represented by these species have three
oesophageal gland nuclei. The same may be the case in Paralongidorus
Siddigi, Hooper and Khan, 1963, '
The number of taxa in which three oesophageal gland puclel are present
seems nruch  greater than is realised. and (.ldll\fa (1962h) inclusion of
“opsophageal glands nninucleate, ally five, varely three” has become
dated. Unfortunately, aconrate i&rt‘aremtum on the number and location
of these nuclei is scarce. Two impaortant fagtors should be considered in
observations on these nuclel, Firstly, Allen (1960b) has drawn attention
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to the possibility of mistaking marginal or radial nuclei for the posterior
subventral pair of eesophageal gland nuclei; in his deseriptions of both
Longidorys afzali and Xipiimema groum Khan (1964) drew atiention 1o
the extreme posterior Joeation of what he termed the sccond pair of
subventral vesophageal gland nuclei. Secondly, the basic dorylaimoid
pattern of ogsophageal gland nuclei is a single dorsal nucleus followed
by two subventral pairs; three ducts open into the oesophageal Tumen,
one from the dorsal gland and one from each of the subventral pairs
(see Clark, 1961 It the full complement of nuclel is not present an
attempt should be made to determine which are absent; according to
Jairajpuri {1965Y in both Tylencholoimus vidws and 7. similis Tour nuclei
are present. there being a dorsal nucleus, a subventral paic and a single
subventral; three ducts are illustrated in Vanderlindic duplopapilluta
Heyns, 1964 and Proleptonchus succatns (Clark, 1962) but in Leptonchis
only two ducts appear to be present. Until sueh time as the number and
position. of the ijcsop’!‘lagea] gland nuclei has been determined critically
for many species no taxonomie significance can be given to these characters,
It is likely that reduction of the basic number has occurred, independently,
in several lines,
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STUDIES ON NEMATODES FROM
DUNE SANDS

9. QUANTITATIVE COMPARISON OF THE
NEMATODE FAUNAS OF SIX LOCALITIES

By G W, Yeares, Departunent of Zoology,
U

Sniversity of Canterbury, Christchurch

(Received for publivetion, 22 Juwie 19673

Swrnmary

Muthods employved are adtlined. Using a vanant of Scirhorst’s elutriation extraction
luhmqm a bias ag nst fhe recovery 01 smd[l nenitodes was fouud The material
renutining on the fical sicve was used as @ measure of available organic maserial. This
residue has g “*loss on ignition’™ of 3035 %, Physical and chemical characteristics {or
six sites gtudied are given. The ncnmlodc faunas frony under adjacent clumps of
Anvmophiia grenaria (L.} Link. and Desmoschoerus spiraiis Hook. f. were found to be
essentially similar, the main difference was in the proporiion of bacterial feeders and
was apparently related {o ¢ aitable organic material The faunas from under adjacont
cumps of 4. grencria differed v size. but were specifically siilar. The fullowmg
feeding groups are recognised: plant feeding, pmda(.mus bacteriai feeding and niicro-
herbive QLS.

Yertiea! distribution of nenmtodes can largely be explained in terms of vertical
distitbuticn ol maisture, food sources and 'Ll‘\cldll) stable conditions. especially of
temperiiyure. Where pant cuver s insufficient to buffer envirommsatal changes the
nmmmde population maximum would be expected to be slightly below the s urfaw,
otherwise better aeration at the surface would result in muxdmuom density at the surface:
Using dati fron six localities these general ideas are supported and ve ertical disty ibution
of food sources for each feeding group is found (o be important. Filty-ning “speci
were recorded, but ouly Hafiplects opepui Yeates, 1967 and Symoncivem pacificum
Yeates, 1967 ov¢urced at every locality, Moisture and tood SOUrces seeiit rnportant in
determining distribution of spacies. Most species were terresteial”, the faunas baing
less diverse in localities with bigher salintties.

INTRODUC 110N

The previous papers in this series, which aims to be primarily ecological,
have been largely taxonomic (Yeates, 1967 a-h); this cannot be regarded
as unusual as Wieser (193943 made an ecological survey of five intertidal
localities in Puget Sound and of 106 nematode species found 76 were
new, In the present studies 56 species have been found of which 5 had
been described previously, 38 have been described as new, and 13 have
not been identified to species level.

To eliminate any effects of seasonal variation, which were initially

N.Zo 3 Sl 10: 927-48
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described by Micoletzky (1922) and Seidenschwarz (1923). and have
been supported by the findings of Thorne (1927) and many recent workers
(see Cohn, 1966; Koen, 1966: Szezygiel, 1966; Yuen. 1966). although
Jargely discounted by Overgaard Nizlsen (1949), all samples used for
comparison of ocalities were collected between 15 Muy 1966 and
2 June 1966. '

At Tour of the six localitles investigated the samples were collected
from under marram grass {Amatophila arenaria (1.) Link.), Supplementary
samples have been taken which show similarity in faunas yecovered from
wnder different plant species in the same locality and in faunas of parallel
series of samples from under a given plant species in ane Jocality.

Recent work by Magshall (1965), and Hope-Simpson and Jefferies
{1966) has sugpested that shiftimg sand is esseotial for normal growth of
marram grass. The locality at Himatangi Beach has been visited monthly
for more than a vear and although some sand movement is apparent no
major change has occurred in the gross morpbology of the area. The
sapd at this locality, where plant cover is insuflicient to prevent wind
erosion. has been classified by Cowie and Smith (1938} and Cowig,
Fitzgerald and Owers (1967) as “unstabilised sand™. :

-In Table | a complete list of the nematode species found during this
work is given and the feeding group to which cach specjes has been
assigned is indicated. The planr feeding (so-called “plamt parasites™) and
preducious groups require no further comment, being those used by
Banage (1963). The third group has been termed hacterial feeding and
corrgsponds to the “microbial feeders” of Banage, the change of name
removing any doubt that species feeding predominantly on slgae may
be fentiopally ingluded; Bapage regarded Ins “microbial feeders” as
hacterial feeders, Many bacteriul feeding species were regarded by carly
workers as “deposit feedors™, but Overgaard Nislsen - (1949) has drawn
attention to the dubious value of this concept. Banage (1963) regarded
all Dorylaimoidea as “miscellancous feeders”, but some of them are
acknowledged  predators  { Discolaimus,  Discolaimium,  Aporcelaimus.
Nygolaimus, cte} and 1t s considered advantageous to exclude these
forms {rom the group which is here termed microfierbivorous. This group
includes species with vegelable mujerial in their intestine and although
algae have heen observed in some of the speeies (Yeates, 19671), in many
the truc food source is uncertain; some may be fungal feeders. Stephenson
(1930) stated that “terrestrial and littoral enchytraeids live largely on
decaving vegetable maticr”™ and Overgaard Nielsen (1961) considered
enchytracids feed on detritus and bacteria, in unknown proportions;
thus enchytraeids may complement nematodes, rather than compete with
them,



TazLs - Mean Population of Fach Species at Each Locslivy. {Figures in roman ype gre aumbers of nemwtodes per LD g sand; Bgures
in aalics, the perceniaze of total nematode fauns i B c%\ locality) F eixlmg aroups A, plist Teeding; B, bacterial tcadmg,
C, microberbivarons: Dy, predacious.)

Spestes Patea ( :w: echff  Himatangt :n.mnc: Tastors Feeding

Beach Be;; ch Beach Beach Stistake Gioap
Haliplectus onepui tes, 19670 384 434 ‘1083 320 7002 1 i 5 I8 3 43 1
Synonchivm pacificwin Yeates, 1967g & 23 239 §2.% 54 94 W g6 i 84 T 43 5]
Mexerhobdiris sp. 7 16 3 04 6 [0 o 14 EI /551 I 13 B
Criticonema 50 . AN ¢ 13 o6 2z 43 29 -6 4 ¥ AN SF ] B
Tyilenchid SEp- 1 82 22 i 3 5 8 43 § Iy 6 0 A
Acrobeloides syrifsus Yeaes, 19{11:3 e 3-8 W 4 2 w3 1d 77 27 55 - - B
Nygoloinmes (Mvgolaimusy direcrus Heyns, in press 5 12 2 ! HoOoH-g W g8 o2 - - I3
Pamsdnringsma mowhitie Yzates, 19675 P32 9t 44 8 I3 - i-2 E I A 1 H
Leptonchps dicephains Yeates, 19677 17 40 37 B8 15 25 24 113 - - - - ?
Pakira orae Yeates, 1967b 293 20 10 13 22 - - 2 04 - - B
Crassolabinm qustrole Yeates, 1967F 34 g4 320 2.5 157 IF4 44 &3 - - C
BDorviaimellns raholilkus Yeates, 19671 1 a2 it 05 12 20 -~ i 23 - - 2
Acrobeles macwceneiss Y watles, 1867¢ 2 4y &8 22 W2 145 hi $37 - - B
Acrobeles taraus Yeztes, 1967¢ i 62 5 2 - - s -3 M 29 - B
Mylonchuluy siviotus {Th“} e, 1924) I R 6 93 - - 34 i-9 2 23 - - i3}
Alaimus prinitiyus de Wan, 1880 e 12 08 3 -5 I3 [4 5 06 - B

Forummawa wa!m; 2 Yeales, 1967 i3 10 43 22 - s 164 91 - - & 9 E
Avenaseoma yervicola Yeaies, 1567g - 3 SN AV 1 LY R/ . RN Rt L I 1 B
FPlectis sp. - - - - 5 o8 3 43 3 2.7 2 30 B
Aporeotaimelluy mnine Yeuies, 19671 5 iz 45 I-9 EO % 1 - - - - - C

Lebonema rikie Yealss, wr)’r’f i1 ¢ 1 63 13 22 S - - ¢
Discolaimimy sabuli e 708 362 3t &3 - - D
Mivonchus reffexus thn 3‘4{: 14 3z 23 14 o~ - 22 12 - - D
Myvlanchudns psammophilns Yeates, 1987¢ 2 03 - 2 3 - 23 - D
Stegelleta ikeraia Yeates, 1% i a2 - - 65 36 I x5 - B
Lervidetins sp. G g 11 w3 - o P43 B
Plectid sp. ) 2 -5 & H-2 - - - i -3 B
Trissonchlus guinguepapillates Yeares, 1967¢ 3 57 2% 12 - - 3 43 3
Acrobeles kotingorinpus Yeates, 1967 - 5t 23 22 27 - - - - 2 34 B

fLo61
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TaBig t—continmed

Species Patea Castlechff HEH‘-}'(XIIL‘,& Sumner Taylors Birdlings Feading
Heach Beach Beach r:a\.h Mistake Flat Groap

28 468 - 129 20-6 - - . - - A

A[am.m !z:mat:.'r’;rwrm:v Yeés,es l%,’} 6 02 3 b3 - - B
Dorylaimidae jav. 4 2 EETE £ e ?
Dolichoderus arenariny Clark, 1963 2 3 - - 78 i6-2 A
En.zpr()nema inﬂa!zu‘riu Yeah,s i967h - 1 =+ - — - I o2 B
; ' ' - - - 200 42 1 92 - B
- ~ - - - - ME 170 6 A2 - ?

t o2 - - - - 3

LF

lotanchuy basidontis Clark, 1961 - - - -
Amphidelus sp. - - ~ - - -

]fi(fmlw:. depressuy Yeates, 1967a - - - - 4§
|
]

b by Sn by
n 35 L Ly

Chiromodornid sp. i g2 ~ - - - - - - . 9
Enoploides sp 5 49 - - - - . ®
i 3007 - - - - - . - . i 7

Discolains aresice
Trichodarus olarki ¥

. a-7 -~ - . ;
‘s Yeates, 15671 ~ 3 i3 S - - - D
967d - - s 2E

oy

(i}

Zeldia punia Yeates, 1967¢ - - 5 8 - - - B
Longibultbophora ammophilae Yeates, 1967d - - 2 0.3 - . . A
Rugmowhitia-arge Yeates, 1967 - - - — - 157 &7 ~ . . _ B
Takapumngal waengs Yeates, 1967F - - - - - - 14 29 . - C
iepetiophory halophila ‘1 eates, 1967h - - P 2 46 - - A
aeng whangae Yeates, 1967¢ - - - - - iz 59 - D
Aporcilatmellus taylori Yeates, 19671 - - - - - 42 &7 - C
Longiderella sp. . - - - 1 o2 _ . 2
Acvobeloides elfesmerensis Yeates, 19672 - - e - - S - - 8 f2-0 B
Apercelaimelius sp, - - - - . - . o 3 45 e
Crasselabiun sp - — - 5 7.3 'S
Mivonchus Kirikiei Yeates, 1967¢ - - - - - - - - 3 4.5 D

Total 427 2082 597 1811 482 67
“Specics” present k1 32 24 20 3z 22
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METHODS
Sampling

Al each locality a vertical face was exposed with its top adjacent to
the vegetation and this level was taken as datum. Using a soil corer,
witly & core 5 cm? in section, samples were taken at datum and at 10 cm
intervals below datuim, the corer being pushed horizontally into the face.
Temperature at cach level was measured by inserting a thermometer
horizontally into the sand. Each sample was put in a previously unused
plastic bag and the bag closed with a rubber band. As soon as practicable
samples were placed in storage at approximately +447°c (Goodey, 1963).

Physical and Chenmtical Factors

In the laboratory three portions were weighed out from each sample.
One of these was used in the determination of grain size (see below).
A 1:2-5 mixture of sand in distilled water was stood overnight and used
to determine the pH of the sample (Metson, [956).

A sample of 100 g was dried to constant weight in an oven at approxi-
mately 707 1o determine the moisture content of the sample. From this
dried sand at least 20 g was used to determine “loss on ignition”, which
may he used as an index of organic coment. lenition of the ironsand
samples from Palea Beach resulted in an increase in weight, owing to
further oxidation of the iron, and no valid results were obtained.

A further 20 g of the dried sand was shaken with 100 ml of distilled
water and the total halide concentration of the suspeasion found by
titrating aliquets with silver nitrate, usiag potassium chromate as an
indicator {Metson, [9536). From the known moisture content of the
sumple the “salinity™ of the soil water was calculated.

Characterisation of Sand Samples

Approximately 1 kg of dried sand was introduced at the top of a bank
of sieves with the following apertures 3.350, 1,680, 600, 300, 150, 75. 45 u.
and shaken manually for 10 minutes. The weight of each fraction in
-each sample was determined and used to calculate the mediun diamerer
{I rumbein and Petlijohn, 1938). Porosity was determined for one sample
from cuch locality, as were capilfarity, density and the amount of water
required to saturate the sample. The results are given in Table 2. Using
the amount of water required 1o saturate a sample from a given focality
the values for percentage water content were transformed into per-
centage pore space occupied by walter.
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TapLg 2---Physical Properties of a Typiual Sand Sample from Fach Locality

Diewsity -~ Porosiiy Saturation Capillarity

glem? % % waler am
Patea Beach 3-39 37-2 i4-6 19-0
Castlechiff Beach 2-47 39 -4 270
Himatangi Beach 2-38 a4q-7 200 397
Suminer Beach 2-87 43-9 205 3i-2
Tavlors Mistake 2-59 411 218 283
Birdlings Flat 2-51 368 I18-% R}

Exiegetion Technigque

Nematode extraction was carried oul using a Seinhorst’s elutriator
{Seinhorst, 1956, 1962; Gopdey, 1963) in which fow from the constam
head was 50 ml/min., corresponding to water speeds of 380 em/hr in the
upper tube and 1,000 ¢m hy in the lower tube.

A 250 g (“wet weight”, as taken from field) sample of sand was passed
through a hemispherical domestic sieve (approximately 16 mesh) and
fannelied into the 2-Hire conical flask which was then flled with water.
The funnel, connected to the f by & ground glass jonl, was then
fitted and closed. Inversion agitation, aided by presence of an air bubble
which resulted from not filling the funnel with water, was used to disperse
the sample before the flask and funnel were fitted to the full column.

The cork retaining the contents of the vonical flask was removed as
soon as practical and after seven minutes the internal bung was closed.
Al the contents of the column ahove s bung were then collected in a
vessel which also contained the outflow from ihe column.

The collecied contents of the column were passed twice through a
bank of four 330 mesh sieves (two of each of 44 4 and 45 1 aperture).
These sieves were rinsed. after the passage of each sample, the residues
concentrated and traosferred to a 68 » nylon gauze sieve standing in a
petri dish, The petri dish was then sufficiently filled with water so as to
fust wet the gauze. After standing for 24 hours the sieves were removed
from the dishes, the lower surface of the gauzes rinsed gently into their
respective dishes and the contents of the petri dishes transferved 1o boiling
tahes, After settling, the volume of samples was reduced by suction (sce
Seinhorst, 1956, mz 3, and each transterred to a sold wailch glags,

“The »tnctlv limited perind for which the samples werpe axposed Lo
possible heavy metal poisoning and th extraction in temperatures
similar 10 those recorded at the various sites probably minimised the
effact of various influences discussed by Kerr and Vythitingam (1967).

A total of 1,000 g of sand from each depth was processed, wsing four
replicates cach of 250 g (1,000 g of sand had a volume of about 800 em*).
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Subsequent Processing

The nematodes, and other organisms, contained in the solid watch
ghass were relaxed by gentle heat and fixed by addition of an equal volume
of double strength TAF (Goodey, 1963). Each sample was then transferred
to ¢ gridded 33 em plastic petri dish and nematodes and gnchytraeids
counted under ‘1 stereoscopic microscope at 50 x magntfication. Counted
samples were stored in TAF.

Specific Counting

The nematodes recovered from 250 ¢ sand were gxamined under a
stereoscopic  microscope and such forms as Sywonchium  pacificum,
Hemicyclioplora halophile and Huliplectus. onepid removed. Specimens
not 30 readily identified were temporarily mounted-in TA¥ and identified
ustng & compound. microscope. When numbers permitted at least 100
nematodes were identified in each sample, and the proportions obtained
used to calculate the total composition of the nematode fauna.

Fuor a series of samplas collected from Himatangi Beach in August 1966,
the percentage composition of the total fauna at each depth was eaumaud
using each of the four replicates, indeendently, Patterns of distribution
of each species and the s‘.pe:t:iﬁc C()l‘np()alﬁﬂn at each of nine depths were
found to be so highly signilicant (£ < 01) that it was considered adequate
to eount only one replicate from ca;h depth to species lTevel ta abtain «
satisfactory picture of specific composition. At times this consideration
was overridden by the need to idcnﬁfy an adeguate number of specimens.

Elficiency of Extraction

ing completely standard extraction techoiques recoveries were made
from inocula in Himatangi sand as in Table 3; these results illustrate
two points. Firstly, for a given species, récovery is reasonably constant.
Secondly, it appears that larger species are more efficiently recovered
than smaller species, apparently because the latter are more likely to be
lost through the bank of 330 mesh (44 and 44 ) sieves, Examination of
extracts made using Bacrmann funnels shows a- “disproportionate
abundance”™ of small rhabditids and tykdndx t has previously been
nofed that alihough Synonchium pacificum may be rccnvc'fed by elutriation
it is rarely recovered from Bagrmanp funnels (Yeates, 1967g). T ownshend
(1962) reported some bias in recoveries made by the Cobb sieving and-
decanting technigue. -
After a 250 g sand sample from lilmatanu Bc‘u,h had been elutriated,

the “waste™ sand was collected and processed again. The first extraction




234 NEW ZEALAND JOURNAL OF SCIENCE [Dec

TasLg 3--Taocula and Recoveries nide using Standard xtraction Technique

Species Inoculum  Recovered  “, Recovery
BSvnronchiwm pucificim 17 I6 59
Svuonichiwm pucificunt @ 8 8
Seurelloneimy magna A 46 52
Scureflonea magna 19 17 90
Nygolaimus (Nvgolainus) direcins 12 1 97
Nygolaimus (Nvgolalmusy divevtuy 20 16 8G
Mesorhabditis sp. 244 27 11
Mesorhabditls sp. 120 6 ]
Mesorhubdizis sp. 258 27 11
Mesorhabditis sp. 323 29 9

of this sample vielded B35 nematodes and 3 enchytracids; the second
3 nemarodes only (2 Synonchivm pacificuntand | Seuteflonema magna).

Measwrement of Qreanic Contenr

The values for “loss on ignition’ are necessarily based on rather small
samples and, in most cases, hitte significance should be placed on the
differences obtained.

In prelimiinary sampling a difference was noted in the appearance of
the contents of the conical flask used on the clutriator, In some cases,
after the agitated sand had settied, the supernatant water was abmost
clear but in other cases it was dark and humic in appearance. Such
differences have long been used as a bags of classifying freshwaters,
Since few nematode species encountercd 1y this work are regarded as
plant feeding and arc apparently microbivorous,-in the broadest sense,
of, in few cases (e, Symimchivm pacificum, Nygolaimus (Nygolaimus)
direerys), predatory, and itis probable that the more humic the appearance
of the supernatant water the greater the microbial population which is
available 1o the nematodes. Clearly an index of available organic material
13 more useful than an index of total erganic material,

The simplest way to evaluate this available organic material was to
collect the “residue™ on the 68 . sieves. dry and weigh it. By combining
residues from each of four replicates this available organic material
was measted for 1000 g samples: the results obtained are given in
Table 4 under the heading residue, Several samples of such restdue from
Himatangi Beach samples have been ignited, and the “loss on 1gnition™
found to be 30.359 '
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THE LDCALITIES

Paten Beach, Taranaki, NZ M.S. I, NI36, 046060, in partly stabilised

ironsand ymier A arenaria. Ahiinde 10 m, 50 m inlowd from high tide level.
This site iy distinguished from the others by the presence of ironsand.
The driltwood covered beach slopes gently Tor 20 m back from high tide
level and then rises steeply some 6 m to moderately well stabilised, rather
rofling sand dunes. Only a single dune ridge was present at the site;
dunes extend for less than a mile along the coast, near the Patea River
mouth.
Castlechiff Beach, Wanganui, N.Z.M.S. 1. N137. 511857, in partly
stahilised sand under A. arenaria. AHitude 6 m, 48 m inland from high tide
level. The beach slopes gently from the water's edge back to what is
basically a single, extremely dissected, dune ridge. The site was on the
coastal side of a hollow in which marram grass was very dense.

Himatangi Beach, Mongwery, NZ. M5 1. NI48, 751323, in partdy
srabilised sand ynder AL arenavia. Afsitude 10 m, 03 km inland from high
tide level, This site Is well inland, nader a sparse growth of marram grass
on a north-facing slope on the side of a “blowout”. The first dune rulge
is some 20 m from high water level and behind it successive dune ridges
become less marked and “blowonts™ leaving ridzes at right angles to the
shore-line are common. In winter these “blowouts™ may be flooded, and
further inland, at the margin of the duns zone, peat swamps ageur,

Sumner Beach, Banks Peningulo, NZM.S. 1, 584, 022511, jn partly
stabilised sand under A, arenaria. Befow extreme high water spring tide.
Sumner Beach is a narrow, gently sloping stretch of estuaring sand which
lacks any true dupes and dense vegetation. Voleanic rock of Banks
Peninsuls forms its natural landward margin,

Taylors Mistake, Banks Peninsula, N2 .M.5. 1, S84, 127496, in sand
unider T3gsmoschoenus spicalis Mook, f. Aftitude 1-3 m, 20 m inland from
hiwh tide level, This beach of basaltic sand is bounded on either side by
rocky clitfy and is rather flat, there being a single, poorly developed dune
ridge with little vegetation,

Birdlings Flat, Lake Fllesmere, N.Z.M.5. 1. 504, U1320¢, in coarse,
stable sand wnder 1. spivalis, Aliirude 4 m, 30 m infand from high tide
level, This site is on the inland margin of the coastal dunes which ace
sparsely clothed with vegetation. Ellesmere Spit {Kaftorete) is basically
alluvial in origin and the mean particle diameter is much greater than
in the other localities (Table 4). fn transit movement of these larger
particles somewhat damaged larger nematodes and many could not be
fully identified; it is not known whether such damage affected the per-
centage recovery of nematodes,




Taste 4--Fhysical and Chemical Characteristics and Total Enchyiraeid and Nematode Faunas for Each Sample from Fach Lucality

Depth Temperatare Y, pore Halides piH Residue  Loss on ignition Median Eochytracids Nematodes
{emn) 1°¢) Space /.0 ig} (e Diameter {1009 2) {/1600 g)
Hydrated ) -
Patea Beach
0 R 137 36 T8 2073 234 30 82
14 50 19-2 24 77 0100 see . 931 226 66 613
20 943 19-2 19 77 G118 - 260 29 455
3 AR 21-3 i-4 73 123 - 268 33 333
Castlechift Beach
0 100 10- & 37 &4 69 242 227 3584
1 -0 12-3 2-3 §-2 P-4 242 203 2458
24 10-0 i6-7 i-3 B-2 Q-83 224 hiddl 435
20 100 156 6 83 497 240 55 823
Himatangl Beach
0 179 2850 1-2 Re6 117 212 83 196
10 14-0 262 &9 5.5 §-23 244 168 &30
26 1 ¢ 3I8-1 1% R-4 308 216 199 691
0 13-8 9-3 2-4 8-5 {10 247 116 660
Bummer Beach
9 §-0 12-2 366 7-5 #5673 1-44 22 40 15381
0 80 2i-3 425 7-3 0-308 188 226 199 1846
28 9-5 74-9 34-1 73 8-593 368 217 147 ERAR)
30 130 t8-3 327 72 4-747 82 219 4B4 2449
Taylors Mistake
0 &4 211 24 83 {-541 2-7G 248 46 470
10 B-5 £33 3-2 83 1251 3-21 233 39 767
24 Q-3 12-4 37 8- 0756 3067 235 63 389
kKt -3 9-2 4-4 87 446 2-9% 246 43 283
Birdlings Flat
4] 110 518 06 68 4045 i-64 451 34 146
10 160 175 2-2 68 O-55R i-63 433 140 S8
20 165 17-5 2-4 6-9 D444 .27 329 9 18
30 -0 13-2 2-8 71 {-456 1228 358 7 16

9¢6
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HORIZONTAL DIFFERENCES 1N NEMATODE FAUNas
N GIVEN LOCALITIES

A. Under two plant species in a given localify-—

Parallel series of samples were collected from under 4. arenariv and
. spivaliy at Himatang Beach and their nematode faunas found by
standard methods.

OF 21 species found upder 4. arenaric only six were not recavered
from under D. spiralis; they were, with their mean pereeatage of the
total fauna in a 0-30 em series-—

Zeldia punia 00",
Plecius sp. 035
Pakirg orae 4-7°%
Arenasomq terricofu 0-3%
Miconchus reflexus 249

Afwiniuy ftimatangiensis 9%
Of 21 species found under D, spiralis only six were vot recovered from
under A, arengric--
Hemicycliophora halophila 037,

Criconempides (juv.) {04
“Other Tvlenchida™ 20
Aporcelaimetfus maitai b4,
Dorydaimellus wahatikus 407,
Mylonchulus siriapy 100

The differences are not great, and when it is known that the “residues”™
from under A. arenaria were Tour or five times as great as those from
under D. spiralis the reduction in bacierial feeders is apparently more
than random variation. It is apparent that the endemic [3 spiralis has
more plant feeding nemaiodes associated with it thun the introduced
A, arenaria, when the toregoing extraction technigues are nsed.

In addition to the Jower number of bacteriat feeders in the fauna
associated with D, spirafis the chiel differences in the abundance of
species common to both series of samples are-—

A, arenaria  D. spiralis

Pandurineme nwowhitic 0-5% 407
Discolaimiem sabuli 520 Q5
Crassolahivm australe 25354, 169

B. Two sites under Hhe same plant species in a given locality
In addition to the samples from Patea Beach analysed in Table 3, a

o

further series was collected from a site 3 m away, also from under
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TapLe S—8pecific Composition of Samples from Under A. arenaria at Patea Beach.
{In this and succecding tables, unless noted otherwise, figures in Ronuin
type are numbers of nematodes per 1,000 g sand, and figures in italics are
percentage of total number of nematodes at each depth.)

Depth below datum (cm) { 10 20 30
Seurellonerna mugna B 98 52 65 0 b6 T2
Deolichodoriey arenarivs - - 8 /-8
Other Tylenchida 4 14 - - -
Mesorhabditis sp. 8 J3 — 17 57
Curiconemaq sp- 9 3/ - -
Acrobelaides syriisus - 19 3/ W 68 14 4.2
Cervidellis sp. - 14 223
Stegelleta inarua 3 10 2 03 - :
Acrabeles magneenelss 6 89 19 31 23 50 7 5-1
Avrobeles targus - . . 300
Palira orae - 7241
Pandurinene mowhitia 4 14 - - - - -
Haliplectus onepui 123 420 275 #4-9% 168 37-1 169 30-2
Other Plectidac - - 8 I8 -
Svronchium pacificum 9 6.3 19 3/ It 24 14 42
Other Chromodaorida 4 14 - - -
Enoploides sp, - 33 54 - .
Lurystomina sp. - - » 4 09 = -
Trissonchulns quinguepapillatis 4 4 8§ I3 - -
Other ronidae - o 30
Nygelaimus (Nygolaimys) divecius - - 15 33 30y
Torumanawa wabgpuensis 4 14 19 37 19 422 [ 31 S
Aporcelahmellus maitat 4 Q-4 9 5 s I8 e
Labropeme rikia 9 3] 4 23 6 57 17 51
Discolgiminm sahuli - - - LI A1 21 6-2
Crassolabivm australe i 65 42 58 53 17 2 62
Darylaimellus rahatikus 4 i4 - - -
Lepionchus dicephalus 24 &2 28 46 s 33 -
Miconchus reflexts 4 14 3 80 15 33 -
Mytoachuliy siriatus 4 23 & I8 72
Mytonchulus psammophilus - - § [& -
Total {31 “species™) 292 613 455 17

A, arenaria. In this second series the fauna was considerably more
abundant than that detailed 10 Table 3 (564, 616, 592 and 422 per 1,000 g
sand at the @, 10, 20, and 30 cm levels), but specifically similar to it
(P =~ 05 for total nematode fauna of replicates). Species absent were:
Acrobeles laraus, Pakire orae, *Other Chromodorida®™, “Other Iron-
idae” and Nygoluintus (Nygolaints) directus. None of these species are
numerically significant in Table 5. The percentage composition of the
second series was similar to that shown in Table 3, and no additional
species were present.
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TasLe 6--Specific Composition of Samples from under A. arengria at
Castlecliff Beach

Depth below datum (om) 0 10 20 30
Fylenchida spp. 60 17 A2 09 - - - -
Mesarhatiditis sp. o 08 -
Curiconema sp. a8 - 13 0-¢ 709
Acrobeloldes svriisis 0 717 53 37 7 09
Cervidellus sp. - 13 0y 29 35
Acroheles koringotingns 08 8y 1.6 40 -8 43 52
Acrobeles maengeneus e 31 89 36 40 28 22 27
Aerobeles taraus - . 43 {8 709
Other Rhabditida - - I3 a9 - -
Pakira orae w08 - . 12 09 37 4.5
Pandurinems mowhitia 178 50 188 63 - 0 B )
Ereptoaema inflatum - 2 01 - -
Haliplectus onepui 2328 653! 1357 S55-f 426 297 2T 2064
Other Plectidae —~ - 14 17
Swronchinm pacificurs 2y gy 144 590 41z 287 151 183
Averrsoma reriicole o & i6 27 I8 36 44
Trissorchuloy quinguepeapillatus 6 77 44 /8 - = - -
Nyvgolgimms {Nygolainus) diveciuy - - 2 0 709
Tor f,rmfmm wahapiensis 60 7-7 44 ]-8 4() 2-5 36 44

laimellus maital 0 08 49 36 27 g 14 17
luhmm’mu ikt J b 44 I8 E -
Diseolaimus arenicolus 0 08 a4 I-¥ 40 2-8 -
Discofaiming. sabndi - - 13 0-9 709

Jabivm qustrale 119 32 22 0-9 40 28 29 35
cvinimellng iahatikus - 22 0y - 22 27
Lepronehuy dicephalus 30 0-8 44 I8 5137 22 2.7
Other Doryviaimidae (juv.) - - - 14 47
30 3-8 87 27 13 09 7T 09
; - 2 ¢ y .
4l'um'irs PRIV i - - - 27 -9 2227
Alatimus hivatang iensis - 22 e -
Trichadprus clarks M 8 44 i& 119 8% 44 5-2
Total (32 “species”™) 3584 2458 1435 823

TRIBUTION OF NEMATODE FALNAS

Tur Verrnical Ihs

Soil nematodes, although considered part of the soil fauna, are essen-
tially aquatic animals, and many factors affecting them are factors which
act through the soil water. The main factors which appear to be signi-
fieant in the ecology of soil nematodes are temperature, aeration, the
amount of soil water, the chemistry of the soil water as indicated by its
pH, ssmotic pressure and salinity, the soil type and structure, the amount
and state of organic material, the plant cover and its root exudates, the
plants and animals preying on the nematodes, and the food sources of
the nematodes themselves. For economic reasons most studies on nema-
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Tapre 7--Spegitic Compesition of Samples from under 4. gresaria at
Himatangi Beach

D;,pth bcim% duiumt {em) 0 10 20 ’ k]
Scusellonema magne S99 250 U6 186 157 227 143 20-4
Criher Tylenciiida 6 I3 6 I3 . -
Mesarhahditix sp. - [ 1< I8 24 .
Cuticonerna sp. 6 PR -
Acrobeloides Syrtisus - - 6 10 - -
Zeldla o - 9 43 12 1K
Acrobeles kotingolingus a6 ]-5 ty 20 6 81 12 i&
Plectus spr. - 1w 30 - - -
Pukira orue 573 25 &0 9 [-3 12 /-8
Pandurinenur mowhitia 12 in g i3 12 18
Hafiplectus onepul 12 30 13 l~(} v 13 -
Synonchinm pacificum 35 88 25 4-p 83 12:0 o7
Arenasoma 1erricol 7 I8 [ Y/ - iz &
Nygolainius (,\’ 'qr.immw) divecrus 58 14- I6& fra sS4 §-f 43 143
Aporcelaimellns moital - 25 #£0 - -

rikiu &

st & By I3 443 72
18t 2w-0 138 200 201 In-0

1 mbm’f’

7
i) 19 30 28 4}
&
!

Doryluis it : . 340 RO T A Y
Lt*ptonc!zm .i:(m" s 2 30 19 3.4 18 - 24 12 18
Mylouchuluy psammophilis ‘ ~ & 16 ~ - -
Algipues primitivis . - 2 78
Alnimius Himafargionsis - - - 12 /-8
Longibidbughorg mmz:}ph:h:! g /-3 >

Total (24 * spcux.&) 196 630 Y 666

tode biology have concerned plant feeding or plant parasitic species, and
a comprehensive survey of the subject has been given by Wallace (1963):
free living nematodes were included in a review by Winslow (1960),
Deubert (1960) discussed effects of soil type and management on the
nematode Fauna and, for the situation he was considering, found that
whereas plant parasitic nematodes depended on the amount and vigour
of plant roots, other nematodes were influenced largely by the natore
and numbers of micro-organisms present.

Many ecological factors appear to be suboptimal at or near the surface
of soil at sites sparsely covered with vepetation. Next fo water, air is
probably the most important factor in the ecology of typical free-living
nematodes. Tt appears that the requireroents of such a form would best
be wet slightly below the surfuce of a site which has sparse vegetation
and moderately open seoil structure. Above this level fluctuations, parti-
cularly in moisture content, would seem to be detrimeatal and, with
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TaBLE 8-—-§pecific Composition of Samples from under A. erermria at
Sumner Beach

]‘)cpih heldw datum (cm')' o 10 ' 20 30
Tylenchida spp. 200 13 94 50 - . 208 &5
Mesorhahditis sp. 20 -3 57 31 2 19 -
Culivonema sp. - 19 /-0 26 19 62 2-8

NS 10" 65 38 2-7 93 f9 326 f3-3
Stegelleia ietaia 84 53 57 3] 26 19 92 3-8
Stegelleta tuarua 38 21 - 46 19
Aerobeiey mueneencuy 1 (13 106 307 A6 "91 206 280 114
Acrobeles tarans 455 28-8 325 IT6 6 19 12 05
Pleciuy sp. - - 1 bo
Haliplectus orepul - - - I 01
Synfoncitium pacificim - - 9 2.9 -
Rramowhitio erge 44 28 229 124 193 143 163 66
Trissonchulus littoralis oy 65 170 %2 28F 28 719 29-4
Nypolaimus {Nygolaimus) divecins - s 2 - -
Torumanawy waliapucnsis 343 21-7 95 - 5.7 181 13-4 5 /4
Leptonchas dicephalus 126 7-¢ 170 9.2 103 76 418 70
Other Borylaimidae {juv) 22 4 28 20 9 a6 1-9

Mylsnchuiny stricrus 20 3 14 a2 - ~

Mruulr‘hm reflexns 2y I3 3 27 W 19 - -
Alainus primitiviey ) 55 335 - 13 -9 i3 14
Total (20 “species™ IS8l 1846 1353 2449

mereasing depth decreasing aeration would probably result in limitation,
The shghtly subsurface maximum should be more pronounced in autumn
and spring when considerable changes occur in the physical and chemical
regimes. When plant cover is sufficiently dense to buffer environmental
changes the surface fluctuations in phystcal and chemical factors may be
sufliciently reduced so that the ()ptim um ts at, or near, the surface where
aeration is better.

Cultivation clearly disturbs any pdtt{,rn of vertical distribution but,
given time, some distinct pattern will again emerge, Whether this comes
about by vertical drift of the population m:ldlug, to concentration at a
given level or by differential reproduction is another problem in itself,
but there can be little doubr that, under reamnablv stable conditions,
higher nematede populations will occur at those depths at which conditions.
are more favourable for the species. ‘

Tn Table 4 the total number of nematodes per 1,060 g sand are given
for four depths at each of six localities investigated; physical and chemical
data is also given. At both Patea Beach and Taylors Mistake vegetation
was sparsé and vertical distribution fitted the basic paitern, At Castleclif!
Beach, however, vegetation was very dense and the maximum number of

Scieace §
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TapLE 9-8pecific Composition of Samples from under 0. spiraflis at
Taylors Miztake

Depih below datom (em) [\ 1 20 k4
Dolichodorus urenarius 67 443 1L 143 80 20-6 55 t¢-2
Helicotyienchus depressus - - 8 10 - - 9 32
Criconemoldes (juv.) - - - - - 4 14
Hemicyelfophora halophila 4 57 22 30 382 9 32
Other Tylenchida 4 -8 . - 4 -0 18 63
Cuticonema sp. - ~ g8 2:0 9 32
Acrobeloides svriisus 8 &7 45 5% 2 20 8 62
Sregelleta iketaia 19 40 23 10 - - 5 {7
Stegellera fuarua - - 4 10 -
Acrobeles muenecnens 108 23-0 8l 106 35 90 19 47
Acrobeles taraus 19 40 3 1l 24 6.2 4  [-4
Mesorfahditis sp. - - 8§ 10 - - 4 14
Pakira orae - 8§ 10 . - - .
Plecrus sp. - - 23 10 12 31 6 56
Pandurinema mowhitia 4 08 8 1 12 i1 - -
Ereproncima inflatan - - . - Ioa-3 E -
Halipleeius onepul - 15 20 4 [0
Syronchivm pacificam 29 62 81 6 23 72 1w &7
Arenasoma terricola 14 30 - 4 I o
Eurvstoming whangae 09 14-7 S8 76 : - 1 /4
Frissorchutuy lirtoralis 8 10 - 16 - 56
Nuygaloimus { Nvgolaimus) divectus - - - - - - 4 -4
Apareclaimetiug tayviorf 32 6.8 &6 80 oo 92 32 -2
Takwnangal waengn 4 30 2y 30 R 20 9 3.2
Crassolabinim australe DIV AY. { 88 /15 A5 110 19 67
Doryiuimellus 1ahatikus 14 3¢ 23 30 4 10 1 14
Longidoretla sp. - - - 2 63 - -
{pionehus basidointus - . - i 03 -
Mylonchulus strigtus - o 47 8 20 4 14
Mydoachulus psammanhilis - 15 2.0 24 a2 4 14
Alaims primitivis - g 10 4 10 -
Amphidefus sp- : T 03
Total (32 “species™) 470 767 a8y 283

pematodes was recovered from datum level. The situation at Birdlings
Flat appears superficially similar to that at Castlecliff Beach, but the
median particle diameter is much greater and it appears that here the
rools and organic matter associated with the sparse grass cover retained
moisture, but that with increasing depth diffusion of water vapour
resulted in decreasing moisture content which apparently limited the
nematode fauna. At Sumner Beach, where vegetation was also sparse,
there was a faunal peak 10 em below datum but a sceond, higher peak
oceurred at 30 cm. Two Tactors appeir to explain this situation. In
Tahle 4 it can be scen (hat the residue was at its maximum here and the
percentage of bacterial {geders did not decline with depth as markedly
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TapLe 10--Specitic Composition of Samples from under D. spiralis at
Birdlings. Flat

Diepth below datum (em)y 0 10 20 30
Helicoryleachus depressus 12 &2 2 35 -
Criconemoides juv. 2 3 - 1 &3
Other Tylenchida 73 4 22:2 g 50-0
Cuticonema sp. . 5 34 2 335
Acropeloides ellesmerensiv 30 2006 - 1 55 -
Acrobeles kotingotingns 5 34 - L 58 -
Moesorhabditis sp. 5 14 - - - -
Cervidetlus sp. 1T -7 - - -
Plecius sp. 7 48 2 25 - -
Pundurivema mowhitia 2 33 - -
Haliplectus oneput 7 48 4 69 2 40
Other Plectidae 5 4 - - = -
Synonchivm pacificim 2 I3 4 6-9 - - -
Aversrsorna terricoly 3 52 - -
Eurystomima sp- 2 15 - - - -
Trissonchislus qringuepapiliatis 2 13 9 /35 - - 1 61
Torumanawa walapuensts 2 13 - = 4 22-2 -
Aparcelaimellus sp. 2 13 L. ¥ T 56 3 ]8-9
Cragsolabiom sp. 14 948 4 6@ (58 2 126
Toronching hasidontus 32702 14 247 N
Miconchus kirikii § &6 4 222 1 &2
Amphidelus sp. 3020 -
Total (22 “species™) 146 58 18 16

as at other focalities (Table 11). The large population of Trissonchulus
Hirtoralis at the 30 em Jevel iy not upexpected when its marine affinities
are recognised, but the large population of Leptonchus dicephalus cannot
be explained, at this stage. The maximum number of nematodes in the
Himatangt Beach samples was recorded 20 cm helow datum; this corres-
ponds to the highest percentage of b.nturm[ f'«.edm*T nematodes (Table 11)
and the greatest residue,

It can scarcely be coincidence that in all six localities the greatest
number of enchytracids occurred at the same level as the maximum
number of nematodes.



944 NEW ZEALAND JOURNAL OF SCIENCE [DEC

EVI ~Vertical Distribution of Fach of Four deuu, Groups of Nenutodes,

uprt.sscd as Percentage of Toial Nematode Fauna. (Figores in fialics dre nmaxima)
0 ¢m 10 cm 20 em o 30 em
Plant feeders

Patea Beach 110 85 LA 21
Castlechit Beach 2-5 27 8- 342
Himatangi Beach 26-5 19-0 24-0 20-4
“mmnu Beach 1-3 51 83
aylors Mistake 212 185 29-8 334
Birdiings Flat 17-0 35 222 36-3

Bacterial feedeis

Patea Beach 572 552 506 676
Castlectill Beach 782 68-7 433 502
Himatangt Beach 12} 13-0 i5-0 9.0
Sumner Beach 533 500 54-4 40-3
Taylors Mistake 30-9 285 277 26-3
Birdlings Flat 44-5 226 22-3
Microherbivores .
Patea Beuch 11-0 149:6 2t 17-5
Castlecliff Beach {8 34 -9 17
Himatangi Beach "‘9 1 470 241 30-0
Sumper Beuch -
Taviors Mistake H & 234 22-8 211
Birdlings Flat 0-9 i3-5 112 I3
Predators
Patea Beach 7:5 -4 13-4 132
‘Castlechitl Beach 108 (13 333 20-1
Himatangl Beach AT R 250 32 322
Sumner Beach 2-8 {04 4-8
Taylors Miste 209 249 is-7 13-3
Birdlings Flat 22-3 #ea 22-2 6-3

Vertical Distribution of the Fowr Componets of the Nematode Faurnas
at the Laocalities Investigated

Vertica] cl'i%tt*ihuthm m" pfam feeding ﬂemamdec i\' indicmed in Tabie 'f |
mncentratmn ni ymuw umts

Vertieal distribution of bacterial feeders could be c,:xpect{.d to parallel
distribution of suitable bagterial subsu'au,x e, organic detrifus. In the
relatively simple situations sampled the maximum amount of detritus
could be expected to be at the surface and from Table 4 this is seen to
he the case at Taylors Mistake and Birdlings Flat, taking “residues”
the most suitable measure of this factor. At both these sites the ;pe‘x'c;emzage
of bacterial feeding nemaptodes was greatest at that level with the largest
residue. At Himatangi Beach the “residue™ was greatest 20 ¢m below
datum and so was the percentage of bacterial feeding nematodes, At
Patea Beach the two maxima coincided 30 cm below datum. At both
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Castleclift Beach and Sumner Beach the greatest percentage of bacterial
feeding nematodes occurred at the same level as maximum total nematode
fauna (ignoring the 30 cm figure for Sumner) and the maximum number
_of enchytraeids, 78-2% of nematodes recovered from datum level samples
from Castlechit were bacterial feeders: this is the highest propostion of
bagterial feeders recovered from any sample (Table 1) but the *residue”
was about half of that recorded at 10 cm. There is a possibility that
material egested by enchytraeids is suitable as a bacterial substrate but,
perhaps, oo fine to be included in the “residue’™ as estimated in this
waork. It is not known whether plant cover plays any role other than
direet contribution of detritus, but its effect on microclimate could be
expected to affect bacterial numbcla.

The concept of micraherbivores is one of convenience and as specics
included in this group undoubtedly utilise a variety of food sources,
which themselves have a variety of optimal conditions, there seems to
be no definite pattern in their distribution. However, at no [ocwl*tv did
the maximum occur at datum, and possibly the advérse effect of the
greater salinity on the various food sources exeluded all microherbivores
from Sumner Beach.

Vertical distribution of preducious nemtodes is also complivated by
variation in distribution of their respective prey, and their habit is possibly
more exacting in agration and moistore requirements. Individual con-
sideration of the population of cach species does not yield any further
information and it is perhaps the variation in moisture content at higher
levels that is largely responsible for none of the overall maxima oceurring
at datum,

Vertical Distribuiion of o R?prc’ sentative of Each F wdm(f Group
at Himarangi Beach

I urther samples from mealdng,: Beach have been taken from up to
90 em below datum, at monthly intervals, In Fig. 1 the maximum popula-
tion recorded at each depth for each of four spegies during the vear is
plotted. The pattern of vertical distribution of each species is consistent
with the foregoing disenssion. '

£S AT THE VARIOUS LOCALITIES

OCCURRENCE OF THE SPEC

Table 1 is arranged with those species oceurring at afl | ocahtm at the
top and those oceurring ar a single locality at the bottom,

Hdliplecius  ongpui and  Synonchium pacificurn are the oaly two
described species recorded from every locality and it is perhaps
significant that some other species of these genera are marine.
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NEMATODES PER 1000 G SAND

Fri. L—Maximm population of sach of four species found at ten depihs over a
{2-month period at Himatangi Beach,

Jt is probable that the moisture regime is primarily responsible for the
absence of Acrpbeloides syrtisus and Nygolaimus (Nygolaimus) directus
from Birdhings Flat, Pandurinema filiformis Timm, 1957 was described
from soil around the roots of orange trees in East Pakistan and thus it
is likely that P. mowhitia, the ouly other species in the genus, is excluded
from Summner Beach by high salinity, If Crassolabium sp. is regarded as
C. australe (see Yeates, 1967) this species is absent only from Sumner
Beach where Table 11 shows no microherbivores were recorded; this, it
is suggested, resulis from the high salinity restricting food sources.

Nine species may be regarded as occurring at each of four localities,
and seven of these were not found at Birdlings Flat, The distribution of
Torumanawa wahapuengiy has previously been discussed (Yeates, 1967f)
and apart from the apparent effect of salinity on the compaosition of the
fauna at Summner Beach absences from Patea and Himatangi HBeaches are
significant. Both Alaimus primitivus and Arenasoma terricola are regarded
as bagterial feeders; the organic residue wag much Jower at Patea Beach
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than at any of the other localities sgmpled. Acrobeles taraus, 4. maeneeneys
and A ylonchulus strigrus have all been recovered from other series of
samples from Himatangi Beach and their occurrence will be discussed
elsewhere,

At present 1o satisfactory discussion can be given of the distribution
of those species which were recorded at three ar fewer localities. However,
two observations may be made. Firstly, there is a suggestion of a north-
south differentiation of the nematode faunn; Aporcelaimellus maitai,
}ahrmzmnu rikin Dis'cv/aimr’mn sabz;li. S *uf(’/lwu’ma mngna and Hafmus

Nmth I.;|dlld whlk Slegul!em mamt,z: ; ‘,r,)m,/mlm mmla/m, He,/,fc nly-
fenchus depressus, ete., are known only from South Island localities.
This distribution would be readily explained if these species had been
distributed by sea. Secondly, however, the nematode fauna found in the
dune sands investigated is overwhelmingly “terrestrial™ in nature and at
the most “marine” site it igated, Sumner Beach, the salinity of the
sotl water at some depths greater than that of seawater and the fauna
shows evidence of hmitation. The one species known only from this
locality appears to have marked marie affinities,

It has been pointed out by Wieser (19598) that since nematodes
normally move in the intersticies ‘of the substrate the texture of the
substrate, within certain limiis, does not have a profound influence on
nematode distribution by limiting [ocomation. Such limitation is said
to occur in many other groups. He found, however, that the limits of
some species corresponded with the intertidal levels which had median
diameters of 100 and 200 p. At five of the localities investigated in the
present study the median diameter of the substrate lay within the rabge
212-260 u; this cannot be considered to represent a significant ecological
difference between them. At Birdlings Flai, however, the range was
490-358u; the effects of this on the physico-chemical conditions have
already been discussed.
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IV.2 AN ANALYSIS OF ANNUAL VARIATION OF THE NEMATODE
FAUNA IN DUNE SAND, AT HIMATANGI BEACH,
NEW ZEALAND*

Summary

Nematode faunas of samples collected monthly from ten

depths under marram grass (Ammophila arenaria (L.) Link.) are

enumerated to species level and measurements of abiotic factors

(temperature, moisture, salinity, pH, ‘residue'’, ‘'loss on
ignition') and enchytraeids given. Enchytraeids~arejincluded
as an environmental factor as some are nematode predators and,
also, certain nematodes are predacious on them.  'Residue’',

a measure of organic content, is based on the:méterial V
recovered from 68 p sieves used in the elutriation process,
These data are anafysed to show significance of variation with
depth and time, and the variation of each of the 32 nematode
species and enchytfaeids is correlated with variation in
environmental factbrs, Exceptions to the general negative
correlations with moisture, tempefature and salinity are
discussed; the sign of the»dorreLation with I’re'sri.dtkl%‘e' is
largely dependehf‘én the feedingrhabit‘of ﬁﬁe sﬁecieéj '
enchytraeids may bé‘highl§ correlated with plant and bacterial
feeders and themselves reflect a gamut of‘factors, Temporal
variation in bacterial feeders; plant feeders and predators is
discussed. The correlation between monthly<numbers of

Nygolaimus (N.,) directus Heyns and enchytraeids, on which this

= :
Text of a paper submitted to Pedobiologia in December 1967

and which is to appear in 8 (2) 1968.
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nematode preys, is 0.9335. Without information on the delays
in response to environmental changes, methods for quantitative
sampling of the soil biota and a conspectus of interactions ‘in

the soil biota further analysis is difficult.
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1. INTRODUCTION

Annual variation in nematode populations was first
recognised by Micoletzky (1922) who showed marked differences
in patterns of variation. Unfortunately, his data do not
cover a full year and are based on small samples. Seidenschwarz
(1923) studied annual variation in 27 nematode species in an
alpine pasture in the Tyrol and suggested that the annual cycles
were due to different species being mere abundant at certain
moisture levels, Burkhalter (1928) reached similar conclusions,
Thorne (1927) correlated variation of mononchid populations with
variation in soil moisture content, More recent work by Ferris
and Bernard (1961), Zuckermann, Khera and Pierce (1964) and
Yuen (1966) illustrated differences in the annual cycles of
"plant parasitic'! species, while Graham (1951) and Winslow
(1964) have shown the effect of cultivated plants on patterns
of annual variation. Hijinck and Kuiper (1966) presented
data on variation with depth and time of several ‘'plant
parasitic' nematodes, Bassus (1962), Lelladkova-DusSkova (1964)
and Szczygiel (1966) all considered variation of nematode
populations in relation to environmental factors but did not
present comprehensive data on the variation with depth and

time of each species at a given site.

Studies on 'plant parasitic' nematodes, particularly
population studies, have ‘produced few critical analyses of the
causes of the observed annual variation, Several workers (e.g.
Wehunt (1957) with Pratylenchus and Tylenchorhynchus; Peters
(1953) with Heterodera rostochiensis; and Goheen and Williams

(1955) with Pratylenchus) have correlated increases in nematode

populations with periods of plant growth. In some instances
the results are inconclusive, but in many other studies various
combinations of temperature and moisture have been invoked to

explain the observed annual variation (see Thorne, 1927; Norton



1963; Toung, 1963; Griffin and Darling, 1964; Yuen, 1966).

Without detailed analysis the factors:apparently under=
lying the observed variation cannot be put into perspective.
The differing degrees of .seasonal climatic variation at the
sites studied by . various workers and. the.realisation that. the
same season may differ markedly in. successive years .make .such
analyses imperative, if our understanding of the soil biota
is to advance. Larsen (1949), for example, discussed the
deleterious effect of three successive severe winters on the
soil fauna of Tipperne, a Danish peninsula (nematodes were
not studied). Szczygiel (1966) found similar patterns of
variation in the nematodes associated with strawberries in two
successive years; the environmental conditions were also
similar to the two years., For these reasons 'annual vafiation'
is considered, in this work, to refer to the variation recorded
in a given year. Extension'gf the sampling into further years
introduces the problem of possible succession in the nematode
fauna. By sampling monthly at ten depths, it is thought that
the samples considered in this paper represent the populations
present during a period in which the environmental factors
varied through most of their typical range. As some authors
(e.g. Klnnelt, 1961) have suggested, or found, vertical
migration of soil fauna, it is necessary to sample over a wide

range of depths in order to characterise the fauna,

Since the Nematoda are ecologically diversified analysis
of any variation must be made for populations of individual
species, Throughout this paper 'population' refers to a
single species, 'fauna' being used for the total of specific

populations,



2, THE SITE

Himatangi Beach, Manawatu, New Zealand, N.Z.,M.S. 1,
N148, 751323, in partly stabilised sand under Ammophila -
arenaria (L.) Link. (marram grass). Altitude 1.0m., 0.5km.
inland from high tide level.

The site is well inland, under a sparse growth of marram
grass on the north-facing slope of a 'blowout!’. 'Blowouts'
are due to wind erosion of unstabilised dune areas, usually
down to the level of moist sand, and in this case they ‘leave
ridges at right angles to the shore-line. The first dune
ridge is some 20m inland from high water level and behind
it successive dune ridges become less marked and"blowouts'
are common, In winter these 'blowouts' may be flooded, and
further inland, at the margin of the dune zone, peat swamps
occur, Pedology of the area is discussed by Cowie, Fitzgerald
and Owers (1967).

The substrate was similar at all the depths sampled, but
about 110 cm below datum molluscan shells (Amphidesma subtriang-

ulatum, Mactra discors and particularly Spisula aequilateralis)
were common at what is apparently an old shore-line. According
to Cowie (1963) the beaches in this region have been built out
at an average rate of about 2 ft (60 cm) per year in recent
times; this would give the site an age of about 800 years.,
The 'median diameter' of sand grains (Krumbein and Pettijohn,
1938) was, for samples collected.at datum and at vertical
intervals of 10cm, 212, 214, 216, 217, 216, 222, 218, 217, 224,
219 p; and for a typical sand sample the density was 2.58
g/ml, the porosity 40.7%, percentage (by weight) of water
required to saturate the sand 21,0, and capillarity 39.7 cm.

The height of the water-table was determined on eight

22
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occasions: in May 1966 the water-table was 120cm below datum;
in July 47cm; in August 54cm; in September 80cm; in October
112c¢m; in November 130cm; in January 1967.145cm; and in
April 130cm. The salinity (= ‘chlorinity', see Harvey, 1957)
of the floodwaters which resulted from the higher water-table
in the winter months, was for July 4,630/00, August 4,13%/00
and September 5.13%/00.

Animals, other than nematodes, collected during this
work are listed in Appendix 1. Uncommon nematodes are listed
in Appendix II and included as ‘other nematodes' in Tables 1-13.



3. METHODS

3.1 Sampling

Each month a vertical face was exposed and, unless the
water-table prevented it, samples were collected from depths
of 0, 10, 20, 30, 40, 50, 60, 70, 80, and 90cm below datum.
The sampling technique is described by Yeates (1967a):. The
top of the vertical face was taken as datum. The samples were
collected from within 15cm of those of the previous month so
that the final set of samples was collected less than 2m-away
from the first set. The similarity between sets of samples
collected, at the same time, 3m apart has been illustrated in
Yeates (1967a).

Unless otherwise noted, nematode populations and faunas
discussed have been calculated for 1000g sand collected within
2.5cm of the indicated depth; a factor of 260 may be used to
convert these figures to a volume of O,1m3 (i.e. the volume of
sand over an area of lm2 and to a depth of 10cm, the depth
between successive samples), Overall numbers are based on

total counts of nematodes recovered from 1000g sand; specific

numbers are based on the proportions present in a representative

sample.

3.2 Extraction

A modification of Seinhorst's elutriation technique was
used for the recovery of nematodes. Details and estimates of

efficiency are given in Yeates (1967a).

24
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3.3 Miscellaneous Techniques

Details of specific counting, determination of environ-
mental factors, characterisation of sand -samples and the
measurement of organic content are given in-Yeates (1967a),
"Residue'’, the measure of organic content used, is defined
in that paper as that.material recovered from the 68 u sieves
used in the final portion of the elutriation process and dried

to constant weight.

3.4 Analysis of data

Statistical analysis of the data presented in tables 1-12

has been carried out in two main ways.

Firstly, analyses of variance were carried out for each

species and environmental factor, to see how each varied with
depth and time; this was done using the‘data for all ten
depths sampled and then using the data for the upper five
depths, The upper five depths were not subject to flooding,
and also it is possible that seasonal variation is more marked
nearer the surface, For these analyses a log transformation
was applied to figures for species abundance as the distrib- -
ution of variance in the original data was not normal (see
Snedecor, 1956). ' The results are given in the first section
of table 13, | |

Secondly, each depth of each monthly sample was considered
as a single sample (i.e. 12 x 10 samples) and a stepwise

multiple regression program used to compute the effect of the

various environmental factors on the various populations. The
program computed a number of intermediate steps, and at each
step only that environmental factor which gave the greatest
increase in goodness of fit of the regression (i,e. greatest

increase in correlation) was added. Environmental factors



with negligible effects were dropped, partial regression and
multiple correlation coefficients being computed only for
factors with significant (p ¢0.05) effects. The series of
multiple correlation cocefficients for each species is given
in the second section of table 13, The first coefficient
indicates the maximum amount of variation in the abundance
of each species whiech can be ascribed to a single, determined,
environmental factor, This factor appears at the extreme
left of the third section of table 13, together with the
sign of the partial correlation coefficient. The second
correlation coefficient in each row indicates the maximum
amount of variation which can be ascribed to two environ=
mental factors, the first and second in the third section of
the table. The third correlation coefficient similarly
accommodates three environmental facters, and so on. ‘Where
less than gix correlation coefficients and environmental
factors are given the omitted environmental factors were
dropped from the computation because they had no significant
effect, In the case of enchytraeids, however, only five
environmental factors were available.  Multiple correlation
coefficients (R) significant at the 5% or’l% level are

indicated,

The correlations found may be to some degree artifacts
and certainly not all represent causal correlations. Fer
example; in table 13 it is apparent that the abundance of the

tylenchid Scutellonema magna is highly correlated with the

abundance of enchytraeids. Ag far as is known, however,
these two groups do not interact directly and it is thus
possible that their ecological requirements are similar. The

high correlation of Nygolaimus (N.,) directus and enchytraeids

is, on the other hand, apparently largely causal (see 7.2).
In the environmental factours moisture, temperature, salinity
and pH are interdependent and co-correlations may arise. The

same is the case with residue and enchytraeids.,
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Allowance must alsce be made for the different numbers of
the varicus species recovered; this has an effect on
probability levels, Further, if the probability values for
variation with time and/or depth are low, much of the
variation is regarded in the computations, as being attribut-
able te c¢hance and the multiple correlation coefficients
remain low. Results with a similar degree of significance
cannct be expected from, for example, S. magna where the

total number reccrded from 120 samples was 7482, N, directus

(6537), Discolaimium sabuli (2443) and Dorylaimellus
tahatikus (824), Mononchoides sp. (160), Ereptconema inflatum
(76).

4.  RESULTS

The composition of the samples and the environmental
factors for each sample are given in tables 1=12, The
main results of the analyses of these data are given in
table 13.



TARLE 1, Namatode and enchytraeid populations ‘per 1000 g sand and environmental factors for the samples collected
from each depth in APRIL 1966,

Depth {cm) G 10 20 30 40 50 60 70 80 a0
Moisture (% pore space) 15.0 20.0 22,9 23.8 27.6 27.1 26,6 29.0 41,9 34,3
Temperature {OC) 16.40 172.0 17.0 17.0 17.0 17.G 17,3 17.3 17.5 17,8
Salinity (/oo 2.8 2.2 1.9 1.3 1.1 1.0 1,2 1.0 1.0 1.0
pi B.4 8.3 8.4 8.4 8.5 8.6 8.6 8.4 8.4 B4
"Residue" (g/ke) 0,957 4,553 0.570  0.700  0.453  0.593  0.317 0,333 G,388 0,362
Loss on ignition (%) 2,1 5,0 1.3 1.7 1,2 1.4 1.3 1.3 1.3 1,1
Scutellonema magna 84 312 155 79 152 45 45 36 79 )
Hemicycliophora halophila - - - - - - - - - .
Monenchoides sp. - - - - - w - - -
Mesorhabditis sp. 13 - - - - - 2 - -
ICutigopema sp. - - 7 - - - - - - -
Acrobeloides syrtisus 37 - 41 - 8 - - 5 - 3
Zeldia punaa 7 12 15 20 - - ] 3 4 "
Gervidellus sp. 23 6 - 8 - 2 - - - 3
Acrobeles kotinzotineus 10 47 - 8 12 4 13 3 N
Acrobzles maeneeneus 30 8 15 - . - - - -
EBlectus sp. 3 - - - - - z - - -
Pakira orae ¢ 29 77 - 8 - 41 19 1 -
Pandurinema mowhitia 27 - 29 - - - 22 3 3 2
Ereptonema inflatun - - - - “ - 2 - - -
Haliplectus onepui 10 47 15 20 - - 4 8 - 14
Takakia waipukes - - - - - - - - - -
Syponchius pacificun 17 116 62 91 64 41 52 53 15 28
Arsnasoma terricola 7 23 13 20 -~ - 4 3 = -
Ensploide - - - - - - - - - -
Nypolaimus (Nygolaimas) directus 97 58 91 87 56 1t 41 17 5 20
Aporcelaimsllus maitai 7 23 15 15 4 2 9 i 8 3
Labronama rikia - - - - - hd - - -
Discolaimiun sabuli 7 47 85 24 24 32 32 16 5
Grassolabium aystrale 94 99 70 16 97. 44 73 31 15 17
Dogylaimellus tahatikus - - - 4 - - - 5 - -
Leptonshus dicephalus - 81 15 - - - 9 - 3 3
Mylonchnlus stristus - - - - - - - 3 = 3
Mylonchulus psasmophilus - 29 15 23 18 4 32 19 16 17
Miconchug reflexus - - - - - - - - - -
Alajmus primitivus 20 - - - - 9 4 - - -
Alaimus himatangiensis - - - - 8 11 6 5 -
Lonsibulbophors ammophilae - iz - - - 2 2 5 4 3
"Orher nematodes” 46 6 - 4 4 - 2 3 - 3
TOTAL NEMATODES 549 853 722 425 461 207 408 245 111 146

Enchytraeidae 133 i92 105 117 146 57 69 32 5 15



TABLE 2, Nematode and enchytraeid populations per 1000 g sand and environmental factors for the samples collected
from each depth in MAY 1966,

Depth {em) Q 10 20 30 40 50 60 70 BO 20
Moisture (% pore space) 28.0 26,2 38.1 19.5 30.9 34.8 34,8 41,9 64,8 77.2
Temperature (°C) 17.0 14,0 13.0 13.0 13,0 13.5 14.0 14,0 14,5 14.5
Satinity {“/oo) 1.2 1.0 1.8 2.4 1.6 1.3 1.6 1,7 i1 1.0
pH 8.6 8.5 8.4 8.5 8.5 8.5 8.6 8.4 8.5 8.4
"Residue® (g/kg) 0.751 1,032 1,207 0,855 0,649 0.350 0.368 0,474 0,234 0.383
Loss on ignition (%) 1.2 1.2 3,1 1.1 1.4 1.2 1.4 1.2 1.5 2.3
Scutellonema magna 99 116 157 143 83 75 79 - 5 2
Hemicyeliopghora halophila - - - - - i - 4 3 -
Monenchoides sp. - - - - - - - - - -

- 6 18 - - - - - - -

6 - - - 4 - - - 3 -
Acrobeloides syrtisus - 6 - - 2 22 - " - -
Zeldia pupua - - 9 12 48 28 - - - -
Cervidellus sp. - - - - - - - - - 2
Acrobeles kotingotingus 6 13 56 12 9 - - 4 - 9
Acrobeles maegneeneus - - - - - - - - - -
Plectus sp. - 19 - - - . - - - -
Pakira orae 3 25 9 12 22 - 39 11 3 2
Pandurinema mowii 12 - g 12 9 - 11 - 5 -
Ereptenegma inflatun - - - - - - - - - -
Haliplectus onepui 12 & 9 - 9 13 & 11 - -
Takakia waipukea - - - - - - - - - -
Synonchium pagificum 35 25 83 71 78 39 a1 80 26 2
Arenasoma terricola 7 - 12 - g - - - -
Enopioides sp. - - - - - - - - - -
o L Smras
“"ﬁi_;ﬁgm“"“m“’ 58 76 56 35 30 35 19 4 3 -
Aporcelaimellus maitai - 25 - - 22 31 3 8 - -

6 19 28 - - 4 - - - -

sCo ium sabuli 23 51 83 48 78 33 11 8 8 -

Crassolabjua australe 109 181 138 201 99 78 22 19 22 4
Dorylaimellus tahabikug - 25 E 12 - 18 3 « - 4
Leptonchus dicephalus 12 1% 18 12 17 9 6 - - -
Mylonchulus striatus - - - - 4 - - - 3 -
Mylonchulus psammophilug - & - - - g 22 - 15 12
Miconchus reflexus ~ - - - 9 - - - - -
Alaimus primitivas - - - 12 - - - - #3 2
Alaimas himatangiensis - - - 1z - 4 6 4 3 -
Lengibulbophora ammophilde - - 9 - - - 11 ~ - -
"Other nematodes" 6 & - - - - - - & -
TOTAL NEMATODES 396 630 691 866 530 434 279 153 108 39

e

Enchytrasidae 85 160 199 116 159 30 12 27 13



TABLE 3, Wemavode and enchyiraeid populations per 1000 g sand and envirvenmental factops for the samples colliected
from each depth in JUNE 1966,

Depth {om) a in 20 30 4 50 60 70 80 90
Molsturs (% pore space) 27.6 26,6 27.1 24,3 30,6 27.1 25.2 25,2 30.9 34,3
Temperatuce %) 6.0 5.0 0.9 10,0 16,5 12,0 10.5 11,0 12.0 11.5
Satinity (%/oo} 1.1 1o 1.6 1.7 1.9 1.2 1.4 1.6 1.0 0.8
pH a1 8.0 8.1 7.9 7.9 7.9 8.1 8.1 8.1 8.2
"Residue’ (gike) 0,796 0.926 1,051 1.379 1,349 0,684 0,939 0,435 0.271 0.304
Loss on Ignition (%) 1.2 1.4 1.3 1.1 1.3 1.2 1.3 i.3 1.8 1.5
Scutellonems pagna 337 158 43 33 10 49 27 B4 6 9
Hemicvcliophora halophila - - - - - - - - - -
HMonencholides sp. - - - - - - - - - -
Mesorhabditis sp, - Y - - - - - - - .
ICuticonems sp. - 17 - - 15 - - - - -
Acrpobeloides syrtiszus 69 1t 29 - 26 - - - -
Zeldia punga 17 - 15 22 - 35 - 31 10 -
Gervidellus sp. - - 15 - - - ~ - 2 -
Acrobeles kotipgotingus 78 23 36 - 10 15 9 20 - H
Acrobeles maeneeneus 9 28 - 17 26 45 41 7 - 2
EFlectus sp. - - - & 5 = 5 - -
Pakirs orae . 11 58 28 10 20 22 14 12 16
Pa ineme mownltia 87 28 - - - 10 - 2 16
Erepropena infiatun - - - - - - - - - -
Haliplectus opepul &1 102 - 11 - 55 18 . 14 7
Jakakiz waipuked - - - - - - - - - -
Synonchium pacificun - - 108 11 36 25 9 . 33 107
Arenasona tecricola 35 57 £0 30 36 i5 - 7 - 2
Eneploides sp. - - - - - - - - - -
Rypolaimus (Meeolaimus?
directus 208 213 138 100 51 20 27 20 14 5
Aporcelaimellys maital . - 15 & - 10 18 3 5 14
Labronema rikia - - - - - - 5 - - -
Discolaimium sabuli 17 23 36 28 61 84 8% 142 33 4%
Crassolabium australe 173 220 252 404 281 212 222 64 349 14
Dozylaimellys tahatikus 35 1t 15 & 31 45 18 3 a -
Lepronchus dicephalus 17 17 36 11 36 - 1 3 - -
- - - - - - - - - 5
17 ~ 29 33 - 29 14 14 2 17
_reflexus - - - - - 15 - - - -
aimus primitivis - - ~ 17 10 - - 10 - 14
Alaimus himatangiensis 61 40 - - - - - - 4 5
Longibulbophora ammophilae 35 28 15 11 5 - - - - 3
"Other nematodes” g 6 7 1t 5 10 2 3 2 g
TOTAL NEMATODES 1265 1010 927 805 654 685 535 428 183 295
Enshytraeidag 153 169 141 224 258 141 212 608 51 35



TABLE 4. Nematode and enchytraeid populations per 1000 g sand and environmental

factors for the samples collected from each depth in JULY 1966, (Site

partially flooded: water level at 47 cm),
Depth (cm) 0 10 20 30 40 50
Moisture (% pore space) 45,3 42,4 47.2 60.0 100.0 100.0
Temperature (°¢) 7.0 6.5 6.5 7.0 8.0 8,0
Salinity (°/oo) 0.5 0.8 0.7 0.6 0.4 0,5
pH 7.5 7.5 7.6 7.9 7.7 7.6
"Residue" (g/kg) 0,837 0.978 1,073 1.396 1,287 0,717
Loss on ignition (%) 1,1 1.2 1.2 1,0 1.3 1.3
SBcutellonema magna 205 147 221 108 49 59
Hemieycliophora halophila - - - - - -
Mononcheoides sp, - - - - - -
Mesorhabditis sp. - 7 - 18 - -
TCuticonena sp. 18 - - - -
Acrobeloides syrtisus - - - - - -
Zeldia punua - - - 8 - -
Cervidellus sp. - - - - - 6
Acrobeles kotingotingus 101 76 16 30 27 53
Acrobeles maeneensus 63 70 110 44 35 78
Plectus sp. 81 - 32 72 50 6
Pakira orae - 14 23 26 5 47
Pandurinema mowhitia 208 105 126 62 35 -
Ereptopema inflarum - - - - - -
Haliplectus onepui 63 70 39 54 9 59
Lakakia waipukea - - 6 36 9 -
Synonchium pacificum 35 63 16 99 14 83
Arenasoma terricola 35 90 23 108 75 36
Enoploides sp. - - - - - -
Nygolaimus {Nygolaimas) directus 170 179 188 172 44 118
Aporcelaimellus maitai - 21 - 18 - -
Labronema rikia - 14 - 8 - 6
Discolaimium sabuli - 14 - 44 36 53
Crasgolabium australe 206 246 149 226 141 65
Dorylaimellus tahatikus - - - 8 14 -
Leptonchus dicephalus 45 27 16 - - 12
Mylonchulus striatus 36 27 - - - -
Mylonchulus psammophilus - - 7 - - 6
Miconchus reflexus - - - 54 - -
Alaimus primitivus - 14 47 90 6 18
Alajmus himatangiensis - - 7 - - -
Longibulbophora ammophilae 9 - - 18 14 24
"Other nematodes" 9 - 16 26 a3 18
TOTAL NEMATODES 1282 1184 1059 1389 595 747
Enchytraeidae 292 249 214 226 90 20



TABLE 5., Nematode and enchytraeid populations per 1000 g sand and environmental

factors for the samples collected from each depth inm AUGUST 1866, {Sirte
partially flooded: water level at 54 cm).
Depth (cm) 0 10 20 30 40 50
Moisture (% pore space) 34,8 41,9 47,7 9.0 98,5 99,4
Temperature {°C) 5.0 7.0 8.0 9.0 9.0 10.9
Satinity (%/oo) 1.2 1.1 1.1 0.6 0,5 0.5
pH 7.8 7.8 7.8 7.9 7.6 7.6
"Residue" (g/kg) 0,765 1,220 1.123 0.576 0,605 0,517
Lozs on ignition (%) 1.4 1.1 1.5 1,0 1.0 1.2
Scutellonema magna 185 160 13 56 57 42
Hemicycliophora halephila - ~ - - 8 -
Hononcholdes sp. - - - - - -
Mesorhabditis sp. - - 8 - - -
tCuticonens sp. 5 - 4 4 - -
Acrobeloides syrcisus - - 13 8 - -
Zeldia punua - - - - 8 5
CGervidellus sp. - 11 - - - -
Acrobeles koringotingus 52 45 53 - - 5
Acrobeles maeneeneus 66 63 a5 - 12 -
Plectus sp. 14 11 4 16 4 -
Pakira orae 9 34 8 28 16 5
Pandurinema mowhitia 42 63 61 24 20 3
Ereptonema inf latum - - - ~ - -
Haliplectus onepui 204 69 a1 68 37 10
lakakia waipukes - 4 - - -
Synonchjium pacificun 24 23 35 52 24 5
Arenasoma terricols 19 28 85 24 33 -
Enoploides sp. - - - - - -
Nysolaimus [Nypolaimus) directus 94 108 B8l 48 g 10
Aporcelaimellus maitai 9 - - 4 - -
5 - 4 %4 - -
Discolaimium sabulil 9 34 - 8 16 15
Cr labium australe 146 138 61 24 50 26
Dorylaimellus tahatikus 14 11 4 - 28 5
Leproachus dicephalus - 23 - 12 8 10
HMylonchulus striatus 5 - 4 - - -
Mylonchulus psammophilus 18 69 8 16 4 5
Miconchus refliexus - 23 8 12 - -
Alaimus primltivas 38 74 39 16 45 10
Alaimus himatangiensis - - 8 - - -
Longibulbophora ammophilae 14 - 8 - - 5
"Other nematodes’ 62 23 26 12 ~ 15
TOTAL NEMATODES 1034 1010 705 436 374 178
Enchytraeidae 200 255 225 47 27 18



TABLE 6,  Rematode and enchytraeid populations per 1000 g sand and environmental factors for the samples collected
from each depth ln SEPTEMBER 1966, (Site partially flooded: water leval at 80 ©m.),

Depth {em) o 1¢ 20 30 40 50 60 70 80
Moisture (% pore space) 30.0 10.5 27.6 30,5 37.2 49,1 70.3 73,8 an,9
Temperature (°C) 14,0 13.5 13.0 13.0 13.0 12,5 13,0 17,5 12.0
salinity {%/00) 0.7 0.4 1.2 1.2 0,9 0,7 0.4 0.5 0.4
pH 7.5 7.8 8.0 8,2 5.2 8.2 #.1 A1 8,2
UResidue” {g/kg) 1,021 0.870  1.230  1.400 0,891 0,801 0,494 0,606 0,288
Loss on ignition (% 1.2 0.8 1.3 1.6 1.7 1,2 1.2 1.2 1.2
Scurellonema magna 176 208 171 121 46 30 8 1 2
Hemicyeliophora halophila - - - - - - 1
Monongholdey ap. - - - - - - - - -
Hesorhabditis sp. & 5 - - - 3 - 1 H
7Cuticom Sp. I8 ] 7 5 - Z 5 -
Acrobelpides syrtisus 56 9 & 3 2 1 1 3 -
Zeldis punua 23 31 31 5 9 5 - . .
Cervidellus sp. F3 - i z - - - - -
Acrobeles kotingotingus a3 11 16 - 3 19 5 1 -
Acrobeles Maenseneus 121 29 16 24 2 15 9 ~ -
Plactus sp. - 3 5 2 - - - -
Pakipre orae - z 11 8 2 22 2 - -
Pandurinena mowhitia 114 76 74 38 17 17 15 3 [}
Ereptonena_inflatum 12 8 3 1 6 - 3 - -
Baliplectus onepui 227 106 45 63 25 8 - 4 2
Jakakia waipukea - - - 6 18 13 - - 5
Synonchium pacifieun 33 30 50 10 86 70 1 14 6
Areoasoma terricola a7 31 18 13 12 5 2 - B
Enoploides sp, - - - - - - 1 3 1
Nygalaimus (Nyeolaimus)

directus 8?2 46 45 5% 34 6 jig} 1 -
Aporcelaimeliys maitai 8 iz 1 1 - - - - -
Labronems rikias - - - - - - - -
Discelaimiun gabuli 27 5 20 59 a5 12 2 3
Crassolablum asustrale 190 69 73 41 56 42 17 5 4
Dorylaimellus tahatikus 18 3 5 16 8 5 7 5 4
Leptopchus dicephslus 17 & £ - 7 2 - - -
Mylonghulus strigtus - 5 - - - 1 - - -
Mylonchulus psammophilnus - - 1 7 - 5 & 3 z
Miconchus reflexus 7 - 3 6 g - 2 - -
Alaimus primitivus 29 6 3 16 4 5 2 1 3
Alaimus himatangiensis 3 - - - - - -
Longibulbophora ammophilae 7 - 1 12 10 1 1 1
HOther nematodes" 19 7 4 G 1z 2 2 - -
TOTAL NEMATODES 116l 723 706 524 428 324 116 54 41
Enchytracidae 156 125 113 100 5% 78 17 5 g



TABLE 7, Nematods and enchytraeid populations per 1000 g sand and environmental factors for

from each depth in OCTOBER 1966,
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TABLE R. Nematode and enchyiraeid populations per {000 g of sand apd environmental factors for
the samples collected from esch depth in NOVEMAER 1966.

Bepth {om) 0 10 20 30 40 50 60 70 80 90
Moisture {% pore space} 26.2 26.6 28.6 15,7 13.3 14.3 20,0 14,3 22.4 7
Temperature &3] 20.0 15.0 15.0 15,0 15.5 16.0 16,0 15,0 15.5 15,5
Salinity {%/oe} 1.6 1.7 1.8 2.4 3.2 4.1 2,9 3,1 2.5 1.2
pH 8.4 8.4 8.4 8.5 8.5 8.4 8.5 8.5 &.% 8.4
"Residus® {g/kg} 1,161 0,684 0.77% 0.721 Q. 547 0,527 0, 887 9, 408 1,368 0,386
Loes on ignition (%) 1.0 1.1 1.2 1.1 1.2 1.2 1.3 1.2 1.1 1.2
Scutellonema_mafing 155 50 41 59 34 30 33 5 13 5
Hewmiecyeliophora halophila - - - - - - - - - 2
- - - - - - - - 22 5
- - - - - - - - - 2
rigonema sp. - 32 12 & 1 3 - 9 18 z
Acrebeloides syrtisus 8 8 - - - - & 4 2
Zeldia panus - Z4 & - 19 14 2 - % K
Cervidellus sp. & 8 - - - . 7 . 5 B
Agrobeles korineotinzus 15 8 & - 3 3 3 4 -
Acrobeles masneensus - - 24 12 - 5 12 - -
Plactus sg, - - # - 5 - - - - -
Fawira orae - B - 4 14 3 7 3 13 R
Pandurinema mowh - 8 46 4 - 3 2 - - -
Ereptoneme inflabum - - - - - . - - % -
Haliplectus onepui a7 105 46 12 10 - - 3 # -
Iakakia waivukes - - - - - - - . "
Syne m pacificun 31 16 30 12 10 - - 3 £ -
Arenasoma berricola - 40 6 - - - - - - -
Encploides sp. - - - - - - - - R N
Nygolaimus (Nygoleimus)directus 15 6 [ 59 24 1 9 4 -
Aporcelaimellys maitai 31 & ) & 14 3 S 3 4 2
Labronema cikia - - - - 5 - - - - el
Discolaimiun gabuli 8 16 12 17 ig 3 G 12 4 1%
Cragsclabium gustrale 8 16 1B 12 14 10 i g - -
DaryLaimeLL‘us tahatikus 23 B 12 - - - 5 - 13 -
Leptonchus dicephalus - - - 4 Lo - . 3 - #
Mylonchulus striatus - - - - - - - - - -
Mylonchulus psammophilus - 8 - 4 5 3 - Ed 3 Ia
Miconchus reflexus - - - - - - - - - -
Alaimus primitivus 8 - & - - - 2 3 - -
Alaimus himatapsiensis - - & 4 - - - - -
Longibulbophora amnophilae - 16 - - - - - k3 - 2
“Other nematodas’ 8 - & - - g 2 8 8
TOTAL KEMATODES 415 417 377 219 164 116 118 122 33 g8
Enchytraeidae 1047 56 73 48 39 36 46 38 " 13



TABLE 9. Hematode and enchytraeid populations per 1000 g sand and environmental factors for the
samples collected from each depth in DECEMBER 1966.

Depth [eom} g 10 20 30 40 50 60 70 80 20
Moisture {% pore space) 20.0 21,9 24.3 25.7 23.3 26,2 26.2 22,9 35,7  42.8
Temperature {°C) 20,0 0.0 20,0 20,0 20.0 19.3 19.5 18,5 18,0 18,0
Saiinity (%/on) 2.9 2.4 2.2 2.1 2.2 2,2 3.5 3.7 2.4 2.3
pH 8.1 8.4 8.4 8.2 8.3 8.4 5.3 8.1 8.0 7.9
"Residue’ {g/kg) 0,893 8.730 2,805 2.923 0.612 0.€10 $.839 .345 3.410 0,344
Loss on igpition (%) 1.0 0.5 1.2 1.2 1.4 1.4 1.3 1.2 1.3 1.1
Scutellonens magpa 75 &3 87 9 51 50 4% 54 74 11
Hemigycliophora halophila - - - - - - - - - -
Mononchoidas sp. - 6 B g - - - 6 - 30
Mesarhabditls ep. - - & - - - 3 - N
¢Cuticonema sp. 17 18 16 18 25 - 2 & 4 3
Acrobeloides syroisus & - 3 - - - - & 20 -
Zeldie punua 1z 37 53 32 25 42 12 a7 18 43
Lervidellus sp. [ - 5 - - - 8 & - -
Acrobetes kotinpotingus 35 18 - - - - - 3 - &
Acrobeles maeneeneus &4 2 16 13 33 44 24 41 13 -
Plectug sp. - - - - - - - - - -
Pakiys oras - 6 5 4 - 3 z - - 3
?andur;nama mowhitis 38 30 32 22 4 S 10 & 4 [3
Erepronema inflatum B - - - - - - - - -
Haliplectus onepui 215 116 75 57 21 23 14 8 21 -
Yakakla waipukesg - - - - - - . - . .
Synenchium. pachficun 35 18 11 - 8 i1 20 31 31 83
Arenasoms terricola 12 24 27 13 - - 12 . _
Enoploides sp. - - - - - . " 4 R B
Hygolaimus (Hygolaimus) directus 70 68 70 72 S0 - 24 2 -
Aporcelaimzllus wmaltat 12 PLy 11 13 & 17 14 & 13 -
6 - - 4 - - - - . ~
Discolaimium sabuli 17 & k3 4 25 16 i1 4 11
Crassalabium gustratle 75 a3 102 54 25 &2 50 25 33 57
Dorylsimellus trahatikys - & 11 - 4 - 1z 3 4 &
Leptonchus dicephalus - 18 16 - 8 3 « 17 -
Mylonchulus striatue - - - - - - - - - -
Hylonchulus psammophilus - 6 5 4 a - 6 23 5 6
Miconchus reflexus 17 - - - - - - 3 6
Alaimus primitivus 29 18 16 28 - 3 2 & - -
Alainus himatangiensis & 12 - - - - - - - -
Longibulbophors ammophilae - - - 4 4 6 - - - -
"Other nematodes® 17 & 11 22 12 17 & 23 4 N
TOTAL NEMATODES 790 580 379 388 307 275 278 EX3) 258 276
Enchytraseidag 212 93 9¢ 43 42 106 96 i21 72 139



TABLE 10, Nematode and enchytraeid populations per 1800 g sand and envirommental factors for the
samples collected from each depth in JARUARY 1967,

Bepth {cm} [+ 10 20 30 403 50 60 70 &0 a
Moisture (% pore space) 17.6 21.4 28,6 22.8 15,7 19,5 25,7 21.9 23.3 39,5
Temperature (OC) 18.5 20,0 20.5 20.5 20.5 20,5 19.5 19.5 19.5 18,5
Salinity {%/foo) 3.9 2.4 2,1 2.5 3.3 2.7 2,4 2.5 2.4 1.7
pH 8.0 7.8 7.8 7.8 7.8 7.9 8.0 7.7 7.8 7.9
"“Residue" {g/kg} Q4,864 1,109 1,495 1.118 0,822 0.577 0,571 . 448 0.417 6.313
Loss on ignition (%) 1.2 1.1 1.2 1.3 1.2 1.4 1.1 1.0 1.1 1.0
Scutellonems magna 57 72 48 44 58 69 47 76 30
Hemicycliophora halophila - - - - - - - - -
Mononchoides sp, - - - ~ - - - - -
Mesorhabditis sp. - - - - - B 2 - -
2Cuticonema sp, 14 - 11 7 3 - - - 2
Acrobeloides gsyrtisus & 10 - - - - 4 - 4 -
Zeldia punua - i 38 22 7o 13 38 20 i3 6
Cervidellus sp. - - - - - - 2 - -
Acrobeles kotingobingus 34 15 - 12 9 3 i 8 - -
Acrobeles maepesneus 86 72 32 14 - 10 25 3 2 2
Plectus =p. - 5 - - - - - - - 2
Pakigra orae - 10 - - 3 B 5 9 12
Pandurinema mowhitia 29 43 - 12 17 - 13 3 9 8
Ereptonema inflatum 11 - - - - - - - -
Haliplectus onspul 339 136 76 26 3 B & 5 4 2
Takakia waipukea - - - - - - - - -
Synwnchium pacificum 11 a4 16 26 66 23 21 28 24
Avenascna terricola 29 179 131 54 58 13 15 10 -
Epoploides sp. - - - - hd - - - -
Bygolaimus {Nyzolailmus) directus 57 73 76 a8 66 48 44 48 21
Aporcelaimellus maitai - 14 21 17 14 13 2 4
Labronemna rikia - 10 16 5 - 3 10 5 I
DPiscolaimium sabuli 6 - 11 14 9 5 13 18 9
Crassolabium australe 181 72 43 24 . 34 33 56 40 i9
Dorylaimellus tahatikus 34 10 21 - 11 5 - 8 -
Leptenchus dicephalus 29 19 5 - - - - - 2
Hylonchulus striatus - - 21 - e - - - - -
Mylonchulus psammophilus - 39 59 24 26 - i3 10 6 3
Miconchus rpeflexus - 1 - 2 - - “ - - 2
Alaimus primitivus 14 10 21 7 - & 6 8 - -
Alaimys himatangiensis - - - - - - - - -
Longibulbophors amnophilae - - - - - - - - - 2
"Other nematedes" 14 14 16 7 11 8 [ - -
TOTAL NEHATODES 951 355 662 415 464 273 333 298 166

Enchytraeidae 268 255 281 133 212 104 160 65 6{



TARLE 11. Nemstode and enchytraeid populations per 1000 2 sand and envirommental factors for the samples
sollected from each depth in FEBRUARY 1947,

Depth {em) o} 13 20 30 40 50 50 70 80 90
Moisvure (% pore space) 18.6 23,8 20,0 18,6 18,1 17.6 21.0 24.3 32.9 47
Temperature (DC) 21,5 21,0 20,0 20,0 20.0 0.0 0.0 20,0 18.5 19,
Salinity (O,/oo') 7.0 3.7 5.0 5.6 5.9 5.2 5.1 4.2 3.5 2.
oH 7.8 7.9 7.8 7.8 7.9 8.0 8.0 8.1 8.0 8.1
YResidue® (g/kg) 1,267 1.004 1.674 0,998 1.124 0,589 2.759 0.459 0,340
Loss en ignition (%) 1.0 1.1 1.2 1.5 1.8 2.0 1.1 1.2 1,1
Scutellonems magna 36 47 26 28 &0 59 45 16 7 2
Hemigycliophors halophila - - - - - - - - - -
Hs oides sp, - ~ - - - - 3 - - -
Hesorhabditis sp. 14 - 3 - - - - - - -
Cuticonsma sp, 10 7 3 - - 7 2 2 3 -
Acrobeloldes syrtisus - - - - - 1z - - - -
Zeldis punua 29 10 28 67 64 5z 45 33 15 2
Cervidellus sp, - - - - ” - - - - -
Acrobeles kotlngotingus i3 27 15 10 41 24 9 12 3 -
Acrobeles maenceneus 36 20 5 7 - 38 - 2 - -
Plectus sp, 5 - - - 2 - - 2 - -
Pakira orae 7 7 2 - 5 21 2 2 7 18
Pandurinema_mowhitia 45 61 13 38 7 7 11 - - -
Ereptonema inflaty - - - - - 3 - - - -
Haliplectus arepui &1 25 17 10 - 7 7 3 -
Takakia waipukea - - - - - - - - - -
Sy 6 22 15 21 10 - 40 43 40 44

ma rerriccla 41 iz i3 7 5 - - - 10 -
Enoplioides sp. - - - - - - - - - 7
Hypolaimus (Nysolaimus) direcrtus 31 66 52 38 46 111 190 a0 50 -
Avorcelaimellius maical 26 5 16 17 7 a 4 1 7 7
Labronema rikia 17 2 - - - - - 7 2
Discolaimiwm sabuli 17 C - - 7 12 31 7 5 7 -
Crassolabium aystrale 126 32 35 #9 43 24 76 43 57 23
Dorylaimellus tahatikus 17 5 15 3 7 7 5 7 -
Leptonchys dicephalus 12 - - - 2 - &4 2 3 -
Mylonchulus striatus 2 - - 3 - 3 - - - -
Mylonehulus psammophilug 14 10 - 14 31 14 - 3 28 15
Miconchus reflexus 2 - - - = 7 - - 7 2

i 19 7 10 3 17 1q 9 - 3 -

Lopgibulbophora ammophilae - - - - - - - - . -
*ther pematodes’ 36 22 5 17 15 24 i1 - 3 3
TOIAL WEMATODES 656 428 311 ki) 382 455 385 218 287 119

Enchytrasidae 234 126 273 2492 212 224 126 143 i98 355



TABLE 12, Nematode and enchytraeid populations per ID00 g sand and envirommental fecturs for the sanples
collected from each depth in MARUH 1967.

Depth {cm) Q 10 28 30 40 50 343 70 80 90
Moisture (% pore space) 15.4 20,4 18.9 21.2 18,8 15,9 30,3 14,2 21.1 17.5
Temperature (°C) 18,5 12,5 19.5 20,0 20,0 20.0 20,0 19.0 20,0 19.0
Salinity (®/oo) 4.8 3.7 4,1 3.2 4.5 4.4 2.7 5,9 3.9 5.0
pH 7.7 7.7 7.8 7.8 7.8 7.8 7.9 8.0 B.1 8.1
"Residua' {g/kg) 0,629 0.72% 0, 605 @, 883 [ 0,934 1.020  0.784 0,485 0.633
Loss on ignition (%) 1.4 2.4 1.2 1.3 1.3 1.2 2.9 0.% 0.9 1.0
Scutellonems magna 51 186 83 43 35 33 9 8 24 &
Hemircycliophora helophils - - - - - - - - - .
Mononchoides sp. - - - - - - 2 - - .
Hesorhabditis sp. - - & - - - - - - -
2Cuticonema sp. 4 23 23 - - - 2 4 5 -
Acrobeioides syrtisus 12 - - - 19 - 4 - 2
Zeldia punua 18 8 4 &7 35 49 43 9 2
Gervidellus sp. - - - - - - - . i )
Acrobeles kotingotingus 67 161 & 103 23 10 41 - -
Acrobelss mesnsensus 12 23 17 47 - 36 - 9 g
Plectus sp. & - - 4 - - - - - -
Pakira orae & - 29 4 4 - 9 4 - 3
Pandurinema mowhivia 23 153 3 30 - 10 & 4 - -
Ereptopema inflatum - - w & - - - - - .
Haliplectus onepui 55 147 - k] 15 - 13 4 8 -
Takakia waipukea - - - - - - - - - -
Synonghium pacificum 27 - 17 30 1 62 [ 57 61 36
Arenagoma terricola 82 H 97 21 8 3 28 - 9 -
Enoploides sp. - - - - - - - 4 - -
Nygolaimus (Nygolaimug) directus 137 254 260 244 27 152 153 44 14 4
Aporcelaimellus maitai 12 23 34 17 13 16 4 - 5 2
Labronema rikia - 8 b - 4 3 - - - -
Discolaimium ssbuli 8 - 57 ki 27 3 6 13 52 15
Crassolabium australe 220 223 149 90 69 55 72 103 43 29
Doryleimellus tahatikug 16 - 17 39 8 3 & 4 5 8
Leptonchus dicephalus 4 - 11 - - - - 9 - -
Mylonchulus striatus - - - - 4 - - - - -
Mylopchulus psamnophilus 12 - 34 34 27 35 24 17 43 9
Miconchus reflexus 8 18 23 B - - - - - -
Alaimus primitivus - - 6 13 - 13 [ 4 - -
Alaimus himetangiensis - - - - - - - - - 2
Longibuibophora ammophilas ~ - - - - - 2 - 5 2
“Ottier nematodes” 23 - 23 30 - 20 11 4 E] -
TOTAL HEMATODES 803 i21s 941 83s 546 514 443 305 290 120
Enchytrasidas 278 414 225 155 130 126 117 57 42 32



TARLE 13, Hesults of cmleuiations of probdebllity of recording obasrved varlation of emoh environmental feactor mnd populmtion with depth and
tims, and the smount of varistion in each populstion which omn be sacribed to the recorded yariation in environmental fectora,
See text for further sxplanstion.  (Probdabllity valuse ars repressnted by s alngls figure as followa - pa,005 1, pw,005 2,
pm. 01 3, P25 b, pu.,05 5, pa.10 6, pw 10 74} {Environmentsl factors are reprassnted by letters as follows = molature M,

temperature T, salinity §, pH P, "residus” R, enchytrmeldss E.  Sign of partisl regresaion cosfficlent im sleo indicated,)

Frvironmental factsrs snd populations Probability of recerding chesrved Anount of wardstion which oan be amcribed Sequance in which
yariation with depth and time to variation in snvironmantal factors, anvironmental factors
Depth Tims expresned as sultiple correlstion coeffi- - are introduced into
OnG90em  OwhGem  O«S0cm  OehOcw clents, Coefficlents arm sdditive, the the multiple corre-
firat being dus to one fmctor, the ascond letion cosfficimnt
to two factors, stc.
Holstura (% pore space} ! E 1 1 {* denoten R mignifisant at 1% lavel|
‘Tesperature {°C) 7 7 k] 1 ¥ denotes # signifionant st 9% level)
salinity {%/ec) 2 3 1 1
P 7 7 1 1
“Hasidue” {(g/kg} 1 7 t 1
Loss on ignitien (%) 7 7 5 ?
Enchytrasidae 4 3 1 1 #5634 L6LE3 2252 7262 L7275 - Re H= P~ 8¢ P- -
Scutellonses magna Yeatss, 1967 1 1 t 1 3262 (4205 L5887 .6500 6559 6601 E¢ §- Mo T~ Pe Rs
Hemicycliophors halophila Yemtas, 1967 7 7 3 7 L21560 L2189 L2839 ,2831 2917 . R- M+ P+ T 8& -
¥ononchoides sp, 7 ? 1 1 L0381 LTSk L3R9T 1531 L1569 - H~ E- Te R= S+~
Hesornabditis sp. 7 7 ? ? S34770 3603 L3753 386k .39tk - R+ T= E+ Py S+ -
sp. 1 1 & 5 2684 2834 .2B64 2902 2916 - H- Re S5- P- - -
ayrtisus Yeatea, 1967 3 H & 5 L1781 ,3310% L3335 3371 - - He Tw S+ P« =
Geldie_nunus Yeates, 1967 1 6 t 1 Shgke 5755 L5955 6200 L6234 6239 S+ T+ P- M- R+ He
Ceryidellus sp, 7 & 5 & L1765 2677 L2797 .2BA6 L2863 - P+ R+ Te M- E- =
Acrobeles kotingotingua Yestes, 1967 ] 5 3 5 60987 L6545 L6568 L6380 .6587 6597 E+ T- R- 8¢ P- -
AcTobeles mueneeneus Yeates, 1967 4 1 1 1 J5070* L5698 L5902 6085 6244 L6283 B¢ To P M- S- Re
Plectus &ny ] 7 3 1 #3686” k992 ,5066 ,5112 5124 - Te B+ Re He G- =
Pakirs_orae Yeates, 1967 7 3 7 A J19270 L3030 3274 L3832 ,3932 - M- T- E¢ F» R- -
1 4 7 1 25175 (5853 ,5942 L6166 L6393 6476 E+ Te ¥~ F- S- Rt
7 ? 1 1 1589 .2212' ,2877 .2966 ,3037 3138 Se Pw 8w T¢ R Ew
s onepui Yeates, 1967 1 1 ? 1 J4269% L4531 k703 L4903 L4984 L5018 By Ge e Pe B3 T
Jakakin waipukes Yeates, 1967 7 6 1 1 .2Bk2e (3620 3702 3751 .3829 ,3B87 T+ R+ 8= Pr Me Es
? 7 5 7 J2466% (3087, ,3220 ,337h L3444 ,3h77 He Se B+ Ft Ta Ra
1 2 1 1 .6119° L6434 ,6630 .6729 6801 - E+ 8= Pe E+ Te -
fnoploides sp. 5 absent 7 sbaent .2133% ,2716* ,3111 L3485 ,3791 ,3798 Re He Eb Bt Te S¢
Bypolaimuys {Nypeleimus) directus Heyos, 5 1 Al 1 60710 6173 L6371 L6618 6629 6631 Bt Tw Me Pe Re Go
in press
ipercelaimellus maitai Yeates, 1967 7 7 1 1 «3884¢ Lhboo kB34 k992 L5039 508k M~ Er Te 8- Pe R4
rikin Yeates, 1967 H 7 1 6 L3841+ 3908 L4OWB L4136 k200 4233 B+ To Me P+ Re 8¢
1 & 1 6 $19720 L4333 4527 LusB2 k592 LAém Mo Tw Pr Ga Re k4
Grazsplatium Bustrale Yestes, 1967 1 3 1 1 (651 (7436 ,78B6 L9919 - B6 Te Me R .
corglsinelius tabatikus Yeates, 1967 5 7 1 & L3704* 3925 Lhoob k17 - - Re B4 He T - .
Ingtonchus dicephalus Yestes, 1967 1 6 I 6 (3508% 4183 Lh7k7  (4B55 L4872 . B4 Tw Me fie Re =
¥ylonchulys strimtus {(Thorne, 1928) 7 7 7 7 o J3069% L3872 L4118 L b32p 396 kA6 F4 Bw Pe He R= T-
fiylanchulus pssmmonhilua Yeates, 1967 ? 7 1 1 «2857% L3451 L350t 3567 L3591 L3603 B+ T+ He e Re 8=
Hiconrbus rellexus Yeates, 1967 ? ? 6 3 238750 K137 k215 k2t - - Be Hr e T- - e
alsimus prieitivus 4e Han, 1880 3 7 1 i JAko6* k999 L5229 L5277 LE81 (»2B7 Ré T- E+ He Fe 8-
inimus bimatsnpiensin Yeatss, 1967 ? ? 5 ? L2382¢ (3775 395 L3979 Lho2t - Fo We P+ B- Be =
Longibulbophors mmmophiles Yeatem, 1967 7 7 3 1 L3945 (WEBB L4901 LhgoB  LAgiy o Te He B Re Do .
"Orhar nomatodas" 1 5 5 ¥ «3972¢ L43Bo  Lksoh L4613 L4663 L4672 Es R+ B+ Mo

TOTAL NEMATODES 1 1 1 1
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5. VARIATION WITH TIME AND DEPTH

5.1 Prefatory note

The significance of the variation in density of the
population of each nematode species is given in table 13
(p €0.005 is regarded as highly significant, p £ 0.01 as

significant).

Attention must again be drawn to the influence of

small numbers. According to table 13 Hemicycliophora

halophila, for example, does not vary significantly with
time or depth, however, tables 1-12 show that only 32
individuals were recorded, all from 40 cm and below. The
‘positive correlation with moisture and the negative correl-
ation with 'residue! are indicative of occurrence in deeper

samples, Similarly Encoploides sp. does not vary significantly

with depth when all depths are considered, but when only the

upper five depths are considered it is absent.

5.2 Variation with time

Figure 1 illustrates the variation of the total nematode
fauna during the year; the graphs for other species (figs
3-5) show that the components of the fauna do not all follow
the same pattern, This variation is analysed by reference

to environmental factars in the next section.

In Plectus sp., Pandurinema mowhitia, Haliplectus

onepui, Miconchus reflexus and Longibulbophora ammophiiae the

significance of temporal variation is increased when only the
upper five levels are considered and this partitioning of the

variation resulted in decreased significance in Acrobeles
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kotingotingus, labronema rikia, D, sabuli, and D, tahatikus.

The vertical distribution pattern of 12 species over ten
depths ‘is significant, but the significance of temporal

variation of only four of these (A, kotingotingus, P. mowhitia,

H. onepui, D, sabuli) is affected when only five of these

depths are considered. On these grounds it is suggested
that 'seasoeonal variatioen! may occur independent of the

vertical distribution of the species.

5.3 Variation with depth

Yeates (1967a) discussed vertical distribution of nematode
faunas and suggested the environmental requirements of 'typical
free-living nematodes’! could best be met slightly below the
surface of a site with sparse vegetation and a moderately open
soil structure. The slightly subsurface maximum would, it
was suggested, be more pronounced in autumn and spring when
considerable changes ocour in physical and chemical regimes.
The depth at which the maximum nematode fauna occurred in
each month is shown in fig. 2. The earlier suggestion is
supported. "Ocm below datum! does not, however, correspond
exactly with ‘surface! and thus the winter and summer maxima
are slightly subsurface while autumnal and spring maxima are

distinctly subsurface,

Figure 2 indicates the depth of maximum population of
each of four species during the year; their overall vertical
distribution is illustrated in Yeates (1967a). It is again
apparent that the distribution ©f each species does not

correspond with the distribution of the fauna as a whole.,

Restricting consideration of vertical distribution to the
upper five depths decreases the significance of vertical dis-
tribution of nine species and increases ‘it in only one

(N, directus): part of this can be ascribed to the smaller

samples inherent in considering only five depths.
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6. ENVIRONMENTAI FACTORS

6.1 Prefatory Note

Six abiotic factors were measured for each sample
(temperature, meisture, salinity, pH, ‘loss on ignition’,
"residue') and the total number of enchytraeids was also
determined. "Loss on ignition' was the only abiotic
factor which did not vary significantly with depth and/or
time (table 13) and it was not used in the'correlation

computations.

In a previous paper (Yeates, 1967a) ‘residue’ was
used as a measure of available organic material, in pref-
erence to 'loss on ignition?. In table 13 it is clear
that 'residue' but not *loss en ignition' varies with time
and depth., Marram grass represents a very early stage
in a primary, autotrophic succession and in addition to
binding the sand it may be expected tc initiate the build-
up of organic material in the sand; this buildup constitutes
an integral and, on an annual basis, moderately stable part
of the developing scill, It appears that this is what 'loss
on ignition' measures, On the other hand ’'residue’
apparently represents the regular supplement of organic
material, some of which becomes an integral part of the soil,
Whereas the mean value of 1.3% (0.5 - 5.0%) for 'loss on
ignition! was found using sand samples of 20-30g, the
'residue! of 0.754g (0.234 - 1.674g) comprises 0.07% (0.02 -
0.17%) of the 1000g sand samples from which it was derived.
Continued use of ‘residue' in this work 1s considered
justified, although its applicability to other socils is
probably limited.



TABLE 14: Summary of order in which envirenmental factors enter the

muitiple correlation coefficients, with their sign,

Order of Moisture Temperature Salinity pl Residue Enchytraeids
entry + - + w + - + = 4 - + -

1 - 8 - 4 1 - 1 - 3 2 13 -

2 3 2 3 11 - 5 - i 3 3 1

3 1 8 1 2 - 6 3 4 1 1 5 -

4 2 4 1 4 1 3 6 6 3 2 - -

5 1 1 1 2 3 3 1 3 6 4 3

6 - 1 1 1 2 3 - - 4 1 1 3



6.2 Moisture

Nematodes are essentially aquatic animals and require
water for an active existence. Wallace (1963) has summarised
work on relations between soil moisture and 'plant parasitic’
nematodes, It has been found that increase in soil moisture
to saturation may prevent typical undulatory nematode locom-
otion, It may, however, be replaced by swimming. Wallace
suggested reduced aeration in saturated soils may be lethal

to nematcdes. Johnston (1957) found that a Clestridium sp.,

in saturated rice-fields, produced substance(s) toxic to

Tylenchorhynchus martini. In some species increased soil

moisture may effectively decrease the efficiency of chemo-

sensory organs.

That 24 of the 32 species listed in table 13 are
negatively correlated with moisture (table 14) suggests high
moisture levels are indicative of conditions detrimental to
the fauna as a whole. The reduced faunas recovered soon
after the water-table had subsided (tables 6 and 7) sﬁpport
this. In the fauna recovered from sand and algae collected
from an inter-dune hollew after the water-table had subsided

the dominant species were Takakia waipukea, Enoploides sp.

and Metachromadora sp. The abundance of the first two has

been positively correlated with moisture (table 13), while

Metachromadora sp. and several other moderately abundant

species (Theristus sp., Monhystera sp., Hypodontolaimus sp.,

Oxystomatina spo) have been recorded as present in small

numbers ‘in the deeper samples from under adjacent marram

grass (Appendix 11).

Three (H. halophila, T. waipukea, Enopleides sp.) of the

seven species whose abundance is positively correlated with

moisture were typically recovered from the deeper samples,

31
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hence the negative correlation with ‘residue' in H, halophila

and Enoploides sp. T, waipukea is bacterial feeding and is

positively correlated with 'residue’', In saturated sand and
algae collected from the surface after the water-table had
subsided three species which are positively correlated with

moisture (T, waipukea, Enoploides sp., Alaimus primitivus)

were found, together with smaller numbers of eight species
negatively correlated with moisture. For the remaining

three species (Plectus sp., L. rikia, M, reflexus) the

positive correlation apparently indicates that the larger

populations are not found in the driest conditions.

There was no marked differential migration of the

populations as the water-table fluctuated.

6.3 Temperature

For 24 of the 31 species for which temperature was
found to be a significant environmental factor, the correl-
ation is negative, This, however, does not simply show
that these nematodes are more abundant at lower temperatures,
but reflects the fact that when moisture content is higher

the soil is ccoler (i,e. co-correlation),

Of those species positively correlated with temperature

four are bacterial feeders and three of these (ZelQ;a punua,

H., onepui, Arenasoma terricola) have their largest populations
in the warmest months (December - March). The maximum

population of E., inflatum was recorded in September, when the

temperature was rising from the winter minimum, Although
temperature is the dominant environmental factor in the

multiple correlation coefficient of Mylonchulus psammophilus,

this species represents an apparently predacious family (see,
however, Banage, 1964) and the variation of prey populations

must also be important, in addition to temperature and
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moisture per se. The March peak for M, psammophilus can be

visually correlated with increase in enchytraeids and several

bacterial feeding nematodes.

The only explanation that can be given, at this stage,
for the January - February peak of L. rikia and the March
peak of Aporcelaimellus maitai is that the food of these

microherbivores was more abundant under the conditions then
prevailing, or that they were favourable at the time at which

the population increase was initiated,

6.4 Salinity

It is difficult to separate the effects of salinity
from the correlated effects of moisture and temperature,
Deposition of windborne salt was apparently responsible for

the increase in salinity in the upper layers in summer.

For only six species (Mononchoides sp., Mesorhabditis sp.,

Z, punua, A, kotingotingus, Enoploides sp., L. rikia) is the

correiation with salinity positive, Of these only Enoploides

sp. has marine affinities, but the salinities recorded (0.4 -
7000/00, mean 2W03°/00) are essentially oligohaline. Osmotic
effects of such salt concentrations should not affect

nematodes significantly,

6.5 pH

There is no reason to differ from St8ckli’s (1952)
conclusion that variations in pH have little direct effect
on soil nematocdes., Due to the low buffering capacity of
the almost raw sand changes in moisture are here reflected

by pH changes.



TABLE 15. Distribution of positive and negative correlation with
'residue’ in the four feeding groups of nematodes.

Feeding group Pesitive correlation Negative correlation No correlation
Piant feeders 1 3 -
Bacterial feeders 12 4 1
Microherbivores 4 - -

Predators 2 4 1
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6.6 '"Residue?

The distribution of positive and negative correlation
with 'residue' for four feeding groups is indicated in
table 15,

Only one plant feeder (S. magna) is positively correlated
with 'residue'! which in this case is the least important
environmental factor, Bacterial feeders are mainly positively
correlated with 'residue' which presumably serves as a sub=
strate for their food organisms; of those negatively

correlated Mononchoides sp. has been found to be a facultative

predator, Microherbiveres are positively correlated with
'residue’ which may include algae and fungi on which they

feed, Four predators, five if Mononchoides sp. is included,

are negatively correlated with 'residue’; this ‘is problem-
atic if they feed predominantly on bacterial feeding

nematodes but only in Enoploides sp. .is 'residue' a major

factor and it ‘is considered to reflect the vertical distrib-

ution of this species., N, directus and D, .sabuli are

predators whose abundance is positively correlated with
‘residue’; this may reflect a microherbivorous element in

their diet or, in the case of N, directus, factors affecting

their enchytraeid prey.

6.7 Enchytraeidae: their role in the
soil fauna and their use as a biotic

indicator

Knowledge of enchytraeids, which may be present in the
soil in large numbers, although with patchy distribution, is
very scanty. The contributions of Overgaard Nielsen and
his co-workers form the bulk of the recent literature (e.g.

Christensen and Overgaard Nielsen, 1955; Overgaard Nielsen,
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1954, 1955a, 1955b, 1961 Overgaard Nielsen and Chfistensen,
1959),

In their reviews of the soil biota both Jacot (1940) -
and Birch and Clark (1953) suggest enchytraeids feed primarily
on plant detritus while Kilhnelt (1961) regards most as
"secondary decomposers', All these authors, however,
acknowiedge other feeding habits and refer to algal feeding,

the attack of living plants and predation on nematodes.

In the current work observations on enchytraeids have
been strictly limited, but on several occasions dorylaim
spears and fungal hyphae have been observed in the intestines.
The predation of Nygolaimus and Syngnchium on enchytraeids

has been noted previously (e.g. Thorne, 1930; Yeates, 1967b)
and chaetae have further been observed in Mylonchulus -and

Miconchus.,

The enchytraeids, as a whole, are apparently rather
catholic feeders probably showing as great a diversity as
that presently being uncovered in the "free living'! nematodes.
Variatien in ‘'residue’ is highly correlated with the enchytr-
aeid fauna (table 13). |

In 13 of the 32 nematode species recognised in this
study enchytraeids are the single environmental factor with
the highest correlation coefficient (table 14), In four
(N._directus, Mylenchulus striatus, M. psammophilus,

M, reflexus) there is little doubt that the relation is to

some extent causalj they are recognised predators on
enchytraeids. In the case of five bacterial feeders

(A, _kotingotingus, Acrobeles maeneeneus, P, mowhitia,

H, onepui, A, terricela) the enchytraeid fauna appears to

act as an indicator of favourable conditions which may not
be readily measured in other ways. S._magna belongs to a

widespread plant feeding genus. Leptonchus dicephalus has




TABLE 16, Analysis of variation of the populations of six nematode species using
only five environmental factors (enchytraeids omitted) (see tabie 13

for conventions).

Species Multiple correlation coefficients Sequence and sign of factors
S, _magna .3248% .6022 .6184 . 6426 .6537 M- T~ 8- P- R+
A. kotingotingus . 3441% . 3970 L4353 L4856 4892 R+ P- M= T= G5+
A, maeneeneus LGa177% L4958 .5218 3705 . 6688 R+ P- M- 8- T-
H. enepui .3419% 3672 4035  ,4521  ,4543 R+ M- P- 8- T+
N. directus ,4299% 4839 5756 . 6029 - R+ M- P- T= -

M, psammophilus .2678%  ,3138 »3502 - - M- P= T+ = -

S
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been found to have an intestine rather similar in appearance
to that of tylenchids and, considering the anatomical
features listed by Yeates (1967c, table 1) may tertatively

be regarded as another plant feeder, L, rikia and Crassolabium

s

For six of the 13 nematode species which have enchy-
traeids as the single most important environmental factor
(and significant at the 1% level) in table 13, the stepwise
regression was performed omitting enchytraeids from the
environmental factors. The results -are given in table 16u
In all cases the first environmental factor is again
significant at the 1% level, The three species-of bacterial

feeders (A, kotingotingus, A, maeneeneus, I, onepui) are

positively correlated with fresidue!; this is consistent
with the summary in table 15, and table 13 indicates the
high correlation of enchytraeids with tresidue’, As total

numbers of enchytraeids and the predacious N, directus are

highly correlated (see 7,2) the correlation of N, directus

with 'residue! given in table 16 is predictable. The high
negative correlation ef S, magna and M, psammophilus with

moisture is consistent with table 14, where eight of 32
species have such a first correlation, only enchytraeids
having a greater number (13). Changes in the sequence of
introduction of environmental factors in table 16 compared
with table 13 should also be noted, These changes pre-
sumably reflect co=correlation of environmental factors,

Such co=correlation is possibly why A. kotingotingus was

found, in table 13, to be negatively correlated with ‘residue’,
In table 16 this correlation is positive, as is usual for

bacterial feeding nematodes (table 15).

Any further consideration of the use of enchytraeids
as biotic indicators awaits detailed analysis of their
feeding habits and population dynamics, It should be noted

that for two further species which are predators on enchy-



traeids (Synonchium pacificum, Enoploides sp.), enchytraeids

are the third most important environmental facter.- .The-
numerous chaetae of enchytraeids which are, however, absent
in Achaeta- spp., may provide. evidence that a nematode has .
been preying on enchytraeids. However, Tharne (1930)

noted Nygolaimus vulgaris swallowed only body contents of
enchytraeids. If a predator were to ingest members of a
predominantly ‘hermaphroditic’, bacterial feeding species

(e.g. Mononchoides sp., Mesorhabditis sp., Acrobeloides

syrtisus, Z. punua) no such distinct structures could be

seen, Mononchoides sp. has been successfully cultured on

bacteria, but is a facultative nematode predator; in only

37

one of 25 specimens examined from the field have any indicator

structures been found (nematode spicules).
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7. BIOTIC RELATIONSHIPS OF SELECTED FEEDING GROUPS

7.1 Bacterial feeders

The monthly populations of five species of bacterial
feeders are indicated in fig. 3. Although the populations
of each species may vary about tenfold, the total of the
five species varies only fourfold (307-1222), Thus,
because of variation in response to environment factors
and niche specialisation (e.g. Z. punua and H., onepui
are positively correlated with temperature; A. kotingotingus,

A, maeneeneus and H._ onepui positively with enchytraeids),

there is a sizable fauna of bacterial feeders at all times,
All these species are negatively correlated with pH,
suggesting a smaller bacterial flora at higher pH. 'Residue’
is apparently not the sole bacterial substrate as A, koting-

otingus, Mononchoides sp., Pakira orae and Alaimus

himatangiensis are negatively correlated with this factor,

7.2 Predators

Eight species have been recognised as predators,
although Banage (1964) suggests the Mononchidae are not

solely predacious and Mononchoides sp. is a facultative

predator (see 6.7).

Figure 4 shows the monthly totals for the four most
abundant predacious species, and enchytraeids., The
abundance of chaetae in their intestines suggests

S, pacificum and N, directus are the main predaters on

enchytraeids, and the correlation between the monthly prey
and predator populations are 0.3162 and 0.9335 respectively,

The extremely high correlation for N, directus suppoerts the
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statements from the time of Thorne (1930) that Nygolaimus

spp. are predacious on enchytraeids., The lower correlation

for S. pacificum does not rule out enchytraeids as the

main food sour@e'of this species but rather suggests that
the species is at no time limited by low enchytraeid

numbers.

The role of the observed tardigrades (Hypsibius 'sp.)
and enchytraeids (Hemifridericia sp. and Achaeta sp.) in
prey-predator interactions is largely unknown. Dorylaim
spears and fungal hyphae have been observed in the gut

of Hemifridericia sp., the dominant enchytraeid, and

chaetae of this species have been observed in nematode

intestines.

7.3 ‘Plant feeders

Figure 5 shows the variation in the total monthly
populations of each of the four species regarded as
probable plant feeders. There is no obvious explanation
for the general tendency for decline in numbers, which is
particuiarly marked in S. magna, although the general rise
in the numbers of bacterial‘feeding nematodes (fig.. 3)
suggests some shift in the organic status of the soil. The
curve for the total nematode fauna (fig. 1) suggests the
decline in plant feeders Was not due to a gradual decline

in the efficiency of extraction.

In S, _magna, L., dicephalus and L. ammophilae there is

a population increase in October, when the fauna as a whole
was declining (fig. 1). Although no allowance can be made
for 'lag effects!, it seems likely that these increases

reflect the spring root growth of the marram grass.
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FIG 6 Months in which gravid females were recorded in
27 nematode species (none were recorded in the
remaining $ species).
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8. PERIODICITY OF REPRODUCTION

Figure 6 shows months in which gravid females of
each species were recorded. Overall abundance of the
species must be considered when interpreting the data.

e.g. gravid Mononchoides sp. were recorded in every month

in which the species was recorded.

The July - October period in which gravid S, magna
were recorded corresponds with a population peak of this
species (fig. 5) and possible spring growth of the marram
grass roots, Similarly periods of population increase and

gravid females approximately coincide in A, syrtisus,

H, onepui, D, sabuli (figs 3, 4). The relationships in

some other species are not so obvious and without a know-
ledge of maturation times for the various species no
definite conclusions can be reached. Amongst the rhabditids,

for example, the egg to egg time for Mononchoides sp. has

been found, in laboratory cultures, to be 10-15 days at
15°C, while for Z. punua it is 35-40 days., In the
Dorylaimoidea, Flegg (1965) suggested the lifeméycle of

Xiphinema vuittenezi takes more than two years whereas

Hollis (1957) recorded an increase of Doryvlaimus

ettersbergensis from 3 to 2500 in four weeks.

Any consideration of 'lag effects'! must await
detailed knowledge of maturation times and reproductive

rates.
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9., CONCLUSION

Most of the nematode populations studied varied with
both time and depth. A considerable part of this variation
may be statistically correlated with variation in environ-
mental factors (moisture, temperature, salinity, pH,
"residue’, enchytraeids). This correlation reflects, to
some degree, co-correlation of environmental factors. When
multiple correlation coefficients are considered these
factors explain at least 50% of the variation of 12 species,
40% of 19 species, 30%.of 28 species and for the remaining
species considered 29%, 29%, 28%, 15%., Some of the
correlations are clearly not causal, enchytraeids in

particular appearing to reflect a gamut of factors,

The form of analysis presented seems probably as
complete as is practical with the present knowledge of the
soil biota, There is an obvious need for techniques for
quantitative sampling of all its :components., In the
Nematoda informaticon is needed on food and feediﬁg
preferences, longevity, fecundity, interactions between
the nematode populations and interactions with other

elements of the soil biota,
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PROTOZOA

OLIGOCHAETA

CRUSTACEA
TARDIGRADA
INSECTA

Ciliata

Megascolecidae

Enchytraeidae

Isopoda
Macrobiotidae
Collembola

Hemiptera

Homoptera

Diptera

Hymenoptera

Coleoptera

Appendix 1.

Pseudococcidae

Cicadidae

Stratiomyidae
Formicidae
Scarabaenidae Dynastinae

Melolonthinae

Curculionidae

Associated fauna

Colpeda inflata
fStokess
Rhododrilus sp.

Hemifridericia sp.

Achaeta sp.

Rl W I W

Tvlos neozelanicus

Hypsibius sp-

Ripersiella rumicis
(Maskell)

Cicadetta leptonema
Myers

Larvae

Monomorium antarcticum

{White)
Pericoptus

SpPP-

Costelytra zealandica
{(White)

Cecyropa spp-

Common

1 specimen
Common,
see tables
1 - 12
Rare
Common
Common

On marram
grass roots

Larvae
common,
November -
March

In 1 sampie

Few,
January

Eggs,
adult

larvae,
Larvae, rare

Rare

Ly



Appendix II, '"Other Nematodest.

I~
o0

The following

species have been recovered in small numbers and

have not been individually listed in tables 1-13;

their total contribution to the fauna is of the

order of 0.1%, Those marked * occurred mainly

below 50cm,

TYLENCHIDA
Criconemoides sp. (Juveniles only)

Dolichodorus arenarius Clark, 1963,

Further tylenchid spp.
RHABDITIDA
Stegelleta tuarua Yeates, 1967.

Acrobeles taraus Yeates, 1967,

Heterocephalobus sp.

Further rhabditid spp.
MONHYSTERIDA

*Theristus sp.

*Monhystera sp.
CHROMADORIDA

*Metaéhromadora SP.

*Hzgodontolaimus SP.

*Ethmolaimus sp.
ENOPLIDA

*Oxystomatina |

Nemanema) sp.

Trissonchulus quinquepapillatug Yeates, 1967,

Eurystomina sp. (Similar to E, whangae Yeates, 1967,

but no males have been found, )

Mermithidae

Dorylaiminae (Mainly juveniles, mainly with filiform

tails).
Amphidelus sp-



IvV.3 THE NEMATODE FAUNA RECOVERED AFTER RECESSION
OF AN EXPOSED INTER-DUNE WATER-TABLE

IV.3.1 Introduction

The flooding of inter-dune hellows in the partly
stabilised sand dunes at Himatangi Beach, Manawatu by an
exposed water-table has been referred to previously (I1I.7,
Iv.2), In the present section the nematode faunas recovered
from three substrates after this water had receded are
discussed, particular emphasis being placed on the ecological
relationships of the various species. The effects of flood-
ing on the vertical distribution of nematodes are discussed
elsewhere (IV.2),

IV.3.2 The samples and their analysis

Flooding was first observed on 20 July 1966 when the
water-table was 98 cm above ‘the lowest recorded level. On
20 October 1966, when the samples were collected, the water-
table was 33 cm above the minimum and there was no surface
flooding at the site studied, although adjacent, somewhat
deeper, hollows were still flooded., The fecently flooded
areas were still very moist {about 75% saturated) and large

areas were covered by a layer, 1 - 2 cm thick, of the

spheroidal green alga Eremosphaera viridis de Bary. Patches
of various filamentous algae and detritus were also present,
The site from which the samples were obtained was relatively
flat and there was no obvious zenation of the various algae

and detritus. One source of organic material was large

scarabaeid larvae (Pericoptus spp.) which were drowned by the

flood-waters and occurred in every pool observed; there was

an average of about one per m"™. Data for temperature,
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TABLE 17. Nematodes

collected

recovered from three samples

after the water-table had receded.

Species A B G
E, viridis Miscellaneous Sand
algae etc, under
E, viridis
TYLENCHIDA
Atylenchus sp. = = 2
Scutellonema magna - - 1
RHABDITIDA
Heterocephalobus sp. - - 3
ARAEOLAIMIDA
Pandurinema mowhitia = . 1
MONHYSTERIDA
Theristus sp. 10 2 4
Monhystera sp. 5 4 1
Takakia waipukea - 70 37
CHROMADORIDA ‘
Metachromadora sp. 10 22 59
Synonchium pacificum - - 1
Hypodontelaimus sp. 15 : - 1
- Ethmolaimus sp. = - 1
ENOPLIDA
Oxystomatina (Nemanema) sp. - 6 14
Enoploides sp. = 2 32
Mermithid sp. = 2 -
DORYLAIMIDA
Nygolaimus (N.) directus 5 ' - 11
Aporcelaimellus maitai - - 1
Crassolabium australe - ' 8 13
Discolaimium sabuli - - 1
Leptonchus dicephalus = 4 1
Alaimus primitivus = - 16
OTHER NEMATODES - = 3
TOTAL 45 120 204



salinity, pH and height of the water-table for July, August
and September are: 3, 5, 15°c; 4.6, 2.3 2.8%/00; pH 7.4,
8.5, 8.4; 98, 91, 65 cm above minimum.

The following samples were examined, the nematodes

being fixed and processed as outlined in section IV,l:-

E, viridis; exXtracted using Baermann funnels,
Miscellaneous filamentous algae, organic detritus and
the top 2 cm of sand from under these materials;
extracted using Baermann funnels,

Sand from under E, viridis, collected to a depth of

lo

5 cm., This contained much fine organic material and

was extracted by elutriation (IV.1).

In table 17 the numbers of each nematode species
recovered from 250 g of each substrate are presented.

Table 18 indicates the distribution of other animals.

IvV.3.3 Ecological Considerations

The nematode fauna below a clump of marram grass

(Ammophila arenaria (L.) Link.) adjacent to the area from

which the samples were taken has been extensively studied
and monthly records of the fauna are given in section IV.2,
When compared with the earlier records there appear to be

three groups of nematodes in the faunas of table 17:-

a) "stragglers' from the normal population (Scutellonema

magna, Pandurinema mowhitia, Synonchium pacificum,

Nygolaimus (N,) directus, Aporcelaimellus maitai,

Crassolabium australe, Discolaimium sabuli, Leptenchus

dicephalus),
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TABLE 18, Distribution of fauna other than nematodes in the

three samples (x indicates occurrence).

CILIATA.
Colpoda_inflata

CRUSTACEA

Daphnia sp.
Cladoceran sp.

TARDIGRADA
DIPTERA

Stratiomyidae larvae

ENCHYTRAEIDAE

Hemifridericia sp.

B

Miscellaneous
algae etc.

C

Sand
under
E, viridis
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b) "new! forms (Atylenchus sp., Heterocephalobus sp.,

Theristus sp., Monhystera sp., Metachromadora sp.,

Hypodontelaimus sp., Ethmolaimus sp., Oxystomatina sp.,

Mermithid sp.),

c) "emergent' species (Takakia waipukea, Enoploides sp.,

Alaimus primitivus).

However, appendix II of IV.2 includes all the 'new’

forms except Atylenchus sp. Thus ‘all the 'new' species

except Atylenchus sp. are essentially T'emergent! species,

Ecological data for 1l of the species in table 17 is
given in section IV,2, The abundance of three species

(I, waipukea, Enoploides sp., A, primitivus) has been

positively correlated with moisture, and they constituted
about 42% of the total faunas (157 of 369). Eight species
have been negatively correlated with moisture, and they
constituted 13% of the faunas, Of the ‘emergent’ 'species,
six were mainly recorded from mere than 50 cm down under

the adjacent marram grass where moisture content was
significantly higher than at the surface; these six species
account for 155 individuals (i.e. 42% of the faunas).

Atylenchus sp., Heterocephalobus sp., Mermithid sp. and

"other nematodes' constitute the balance of the fauna,

The faunas of the three samples are thus composed of
species previously found in the area and their overall
composition is largely explicable in terms of the very moist
conditions. The differences between the three samples are
referable to ecological conditions at the time of sampling,
all having a similar relation to the water-table. E. _viridis
represents a fairiy uniform environment, which in this case
was scarcely decaying, but, owing to its rather open
structure, variable in its moisture content and temperature,

The miscellaneous filamentous algae present an environment



52

rather variable in composition and probably containing regions
of relative ecological stability. The sand from under

E, viridis apparently provided a moist habitat, probably

somewhat buffered from climatic change by the alga, and

rich in organic detritus,

The sizes of the faunas recovered and the relative
stability of the three habitats are in agreement with the
suggestions put forward in section IV.l relating the size of
total nematode faunas to environmental stability. The
relative abundance of the various feeding groups is consis-
tent with the available food.,

The distribution of other invertebrates is apparently

straightforward. Colpoda inflata is cosmopolitan and has

previously been recovered from sand samples, Daphnia sp.
and the unidentified cladoceran represent plankton of the
pool. Tardigrada occur in diverse, moist conditions; they
may have been excluded from the sand below E, viridis by
oxygen deficiency. Stratiomyidae larvae are active in moist
conditions, and could be expected to be recovered within a
reasonable distance of a pool, Enchytraeidae apparently

have similar ecological requirements to nematodes,



V. STUDIES ON LABORATORY CULTURES

V.1 INTRODUCTION

Considerable laboratory culture work, both axenic
(e.g. Dougherty, 1949, 1959; Nicholas, 1962) and synxenic
(e.g. Nigon, 1949; Potts, 1910; Thomas, 1965), has been
done with soil nematodes, but there is almost a total lack
of ecological data for the organisms used in these studies
(e.g. Dougherty and Calhoun, 1948 : 59; Thomas, 1965
395), Potts (1910) stated "sufficient attention has not
been paid to the part which nematodes play in the economy
of the soil"., Apart from accounts of field experiments
(e.g. Deubert, 1963) and aspects of mushroom cultivation
(e.g. Hesling, 1966) surprisingly little work has appeared
to fill this gap in the understanding of the soil biota,

The present synxenic work is based on organisms
recovered from a site in dune sand at Himatangi Beach,
Manawatu, New Zealand. The interrelationships of the
nematode fauna with various physical and chemical factors
have already been discussed (section 1V), Observations
made in culture can thus, to some extent, be interpreted
in the 1light of this knowledge. Culture conditions ean
also be similar, particularly in relation to temperature
and pH, to those found in the field.

Regular counts of culture populatiens established
from one or more individuals show population changes
(fig. V.23 Ellenby and Smith, 1966; Thomas, 1965) which
are to some extent dependent on the generation time of the

species, but give no real indication of the role of
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individuals in the population, their course reflecting more
the culture medium. Apart from Kdmpfe and Schmidt (1966)
cultures of individuals or, for seXually reproducing species,
pairs of free-=1living nematodes appear to have been little
used since the work of Potts (1910) and Pai (1927). In
such cultures food is not normally a limiting factor and
individuals can be followed from hatching to death. Daily
removal of eggs from cultures provides information on
fecundity and fertility (Allee et al. 1949). Counts of
culture populations do, however, provide complementary
information on the interaction of maturation time,
fecundity and fertility to produce the initial population
increase. After this stage the effects of fooed avail-
ability and quiescent nematodes in semi~-solid culture media

may make any further counts of dubious value.,

The following terminology of Dougherty (1960) has

been used:-

1. Terminology for cultivation of a species of
organism, “
Term Number of associated
species of organisms
Agnotobiotic, or xenic Unknown
Gnotobiotic Known?* species only, or
none
Synxenic ‘ One or more
Monexenic : One
Dixenic Two
Trixenic Three
Polyxenic Several to many
Axenic None

* Known as to number, not necessarily as to named species.



II.

Terminology for the composition of media

used in cultivation.

Term

Definition

Holidic

Meridic

Oligidic

Pertaining to a medium whose intended
constituents, other than purified

inert materials, have exactly known

chemical structures before compound=-

ing.

Pertaining to a medium composed of
an holidic base to which is.
added at least one substance or
preparation of unknown structure
(e.g. most proteins, regardless
of "purity").

Pertaining to a medium in which crude
materials supply most dietary

requirements., : -
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V,2 METHODS

Dune sands represent an environment of low organic
content and, possibly because media of low nutrient content
could be used, little difficulty was experienced in obtaining
and maintaining pure cultures of bacteria from sand samples.

- Nematodes, also, could be placed on agar plates immediately
after extraction, by Baermann funnel, and the resultant
cultures typically contained only one or two bacterial
species in addition to the nematode species. In a few
cases fungi developed and it is thought that they arose from
spores held in the nematode intestine at the time of inocul-

ation. No use was made of surface washing or antibiotics.

The following media, autoclaved at 15 lbs/in2 for 20
minutes, were used for routine cultures, being adjusted to
pH 8.3 before autoclaving (pH after autoclaving was about
890):”

Asparagine-Mannitol Agar (Thornton, 1922)

KZHPO4 | 1.0 g
MgSO,, . 7H,0 0.2 g
CaCl, 1 ml of 1% soln
NaCl 1 ml of 1% soln
FeCl, 2ml of 0.1% soln
KNO3 0.5 g
Asparagine (Difco Bacto) 0.5 g
Mannitol 1.0 g
Agar (Davis, N.Z.) 15 g

Distilled water 1000 ml



Nigon's Medium (Nigon, 1949)

MgSO ,7H,0 0.75 g
4 2
K,HPO, 0.75 g
NaCil 2.75 g
KNO3 3.0 g
Proteose peptone (Difco) 2.5 g
Lecithin (at 100%) 1.0 g
Agar (Davis, N.Z.) 15 g
Distilled water 1000 ml

Nutrient Aegear

"Difco Bacto Nutrient Agar"

Czapek Dox Agar (ex Collins, 1964)

Sucrose 30 g
KZHPO4 1.0 g
NaNO3 3.0 g
MgSO4°7H20 0.5 g
KC1 | 0.5 g
FeSO4 0.01 g
Agar (Davis, N.Z.) 15 g
Distilled water 1000 ml

A sterile transfer box was used for inoculating plates
with nematodes and for counting populations and eggs. The
box, based on that of Dougherty (1959), was equipped with a
Phillips TUV 30 ultra-violet lamp and with a stereoscopic
microscope. Materials, except cultures, and instruments
were placed in the transfer box and exposed to ultra-violet

radiation for 5-10 minutes immediately before use. Most

57



58

routine counts were made at 16x magnification using a grid
with lcm % lem squares below the culture dishes, but
magnifications of up 80x were available. Mounted eye-
brow hairs, steriiised by exposure to ultra-violet light,
were found to be satisfactory for handling both nematodes

and their eggs.

Cultures were maintained in either 8.5 cm plastic
petri dishes (area 56 cmz) or in 4,1 cm glass petri dishes
(area 13 cmz)o Two Gallenkamp cooled incubators and three
constant temperature rooms were used. Most cultures were
maintained at 10, 15 and 20°C, the mean of 120 field
observations at the collection site being 14.97°C (6-22),
Similarly, the pH 8 used is consistent with the average of
pH 8.06 (7.5-8,6) recorded for sand samples., Because
Bingefors and Eriksson(1963) and Thomas (1965) found
cultures of at least some species develop better in darkness
than in light, all cultures were kept in darkness except
when being examined, Sterile distilled water was added
periodically, not more than 1 ml at a time, so that
condensation was always present on the inside of the 1lid

of the culture vessels,

Six nematode species were maintained in monoxenic

culture with the gram positive bacterium Bacillus cereus

var., mycoides. A single gravid female of each species,
obtained from a preliminary culture, was used to establish
a stock culture on asparagine-mannitol agar at 20°c. The
stock cultures at other temperatures were each derived
from a single female from this original stock. Cultures
were maintained at their respective temperatures for at
least one generation before the removal of any specimens
for observations. When individual cultures were under
observation for determination of fecundity and fertility,

any eggs were counted and transferred daily to other plates



of the same medium, Subsequent observations indicated the

fertility, sex ratio and generation time under cultural

conditions, B, cereus was isolated from sand samples from

Himatangi Beach.
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TABLE V.3,
agar at pH 8 with B.

cereus, at various temperatures;
Standard deviations given in brackets;

Generation time, in days, for each species in monoxenic culture on asparagine-mannitol

based on daily observations.

N usually 9 - 12, never less.

Where

reproduction did not occur * denotes that few, if any,eggs hatched in 50 days, and

** denotes that most eggs hatched but that these nematodes failed to produce eggs

within 50 days;

43 (0.8)

Temperature (°C) 7
Mononchoides potohikus
Mesorhabditis littoralis *
Panagrolaimus australe *
Acrobeloides syrtisus *
Zeldia punua *
*

Acrobeles kotingotingus

10
(2.7)

* ok

3t

13
22 (2.8)
16 (6.7)

20 (1.0)
*x

*
45 (1.1)

each such indication is based on ¢ 50 individuals.

15
11 (1.9)
8.6 (0.6)
9.9 (1.0)
14 (2.6)
36 (6.2)
30 (1.4)

20
9.0 (1.0)
9.0 (0.6)
8.6 (0.6)
14 (3.4)
32 (1.5)
25 (1.6)

28
4.4 (0.5)
*%

7.2 (0.5)
XX

18 (0.9)

21 (0.9)



TABLE V.2

a)
b)
c)
d)

e)
£)

g)

h)
i)
i)
k)

1)

m)

n)
o)
p)

of indicated number of replicates;

On asparagine-mannitol agar with B. cereus at pH 8 and 20°C

On

nutrient agar with B. cereus at pH 8 and 20°C

Preying on Mesorhabditis littoralis under conditions as a)

As

On
As

On
On
On

a) but in the presence of a male;

asparagine-mannitol agar with B. cereus at pH 8
e) but transferrad to 15°C immediately prior to

e) but transferred to 20°C immediately prior to

asparagine-mannitol agar with B. cereus at pH 8
h) but transferred to 10°C immediately prior to

h) but transferred to 20°C immediately prior to

asparagine-manniteol agar with B. cereus at pl 8
k) but transferred to 10°C immediately prior to

k) but transferred to 15°C immediately prior to

nutrient agar with B. cereus at p4 8 and 10°¢
. - O~
nutrient agar with B, cereus at pd 3 and 15°C

. . o
nutrient agar with B. cereus at pH 8 and 207C

copulation observed

and 10°C
laying

laying

and 15°C
laying

laying

and 20°C
laying

laying

a)
b)
c)
d)

e)
£)
g)

h)
i)
i)

k)
1)
m)

n)
o)
p)

Fecundity and fertility of M. potohikus under variouas cultural conditions.

ranges given in brackets.

N

10

6
10
18

Fecundity

146 (44-505)
148(117-213)
138 (29-235)
170 (6-604)

219(200-245)
176(151-216)
208(142-306)

184 (5-243)
35 (3- 50)
85 (39-119)

145 (44-505)
72 (7-147)
205(135-258)

248(196-288)
179 (25-245)
148(117-213)

Figures given are means

Fertility

119 (43-390)
110 (97-135)
74 (2-125)
97 (5-249)

162(117-205)
119 (93-139)
139 (99-174)

156 (0-220)
9 (0-13)
18 (9- 40)

119 (43-390)
30 (5- 59)
116 (98-125)

211(170-239)
145 (24-204)
110 (97-135)



TABLE V.1 Fecundity, fertility and longevity of Monoachoides potohikus n. sp. in individual culture on

asparagine-mannitol agar at pd 8 with B. cereus; based on daily observations.

Temperature (°C) 10 15 20
Laying-hatching (days) 15 14 15 15 15 16 5 5 5 4 6 3 3 3 2
Hatching-first egg (days) 28 29 30 31 29 27 7 8 6 4 5 5 6 5

Days from first egg to last egg 80 91 88 54 62 47 28 28 4 15 13 4 12 11- 49 7 15 18
Days from last egg to death 10 6 17 3 2 1 2 11 0 0 0 0 6 0 38 11 2 0
Tota%déiisspan (post-hatching) 118 126 135 88 93 75 37 47 10 21 17 9 24 16 93 24 22 24
Fecundity (total eggs laid) 213 200 211 246 213 232 242 243 5 203 196 8 59 97 505 44 104 151
Fertility (total eggs hatched) 152 148 117 178 174 205 220 199 0 95 191 1 52 68 390 43 91 108
Last day fertile eggs laid 57 63 61 54 44 47 17 26 0 10 13 4 7 8 22 6 12 12
Pays 1n laying period eggs not 22 35 30 8 18 5 s o 1 1 0o 1 o o 10 o o 1
Generation time (days) (egg-egg) 43 43 45 45 44 43 12 13 11 12 8 11 8 8 9 9 7 9
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V.3 ASPECTS OF THE BIOLOGY OF MONONCHOIDES POTOHIKUS N. SP,

V.3.1 Introduction

The nematode cultured most extensively in the present

work, Mononchoides potohikus n. sp. (Rhabditida

Diplogasterinae), is typically diplogasteroid but is
distinguished by the possession of a short tail (c = 40,

¢! ¥ 0.9 for mature specimens). This species, in which
reproduction is apparently essentially parthenogenetic, was
cultivated (sensu Dougherty, 1960) using B, cereus as food

organism. ‘Nematodes were also eaten.

V.3.2 Fecundity, fertility and longevity

Representative data for the fecundity, fertility and

longevity of M, potohikus at three temperatures is given in

table V.1, More extensive data is summarised in tables V.2
and V.3, All data are based on females cultured individually,
or single females cultured with single males, in petri dishes
of 56 cmzn

deviations are similar in magnitude to the mean.

In table V.2 ranges are given as some standard

There is no significant difference (p > .05) in the
fecundity or fertility in any of the experiments maintained
at 20°C (table V.2 a-=d). The small ranges recorded for
nutrient agar at 20°C are not paralleled by those recorded
at 10 and 15°C.

For individuals reared at constant temperature on
asparagine-mannitol agar the coefficient of variation of both

fecundity and fertility rises sharply with temperature (table



TABLE V.5. Detailed fecundity and fertility of 18
female M. potohikus cultured, at 20°C on

asparagine-mannitol agar with B, cereus,
with males and recorded copulating. Means
and standard deviations given for each

group, also for total.

Fecundity Fertility Fecundity Fertility

57 55 0 0

75 55 0 0

116 89 0 0

136 100 0 0

161 121 6 5

207 143 14 9

234 153 3.3 (5.7) 2.3 (3.8)

273 175

278 195

332 165

574 237 Querall

604 249 170 (187.5) 97 (86.2)

254 (182.7) 145 (64.9)



TABLE V.4, Coefficients of variation of fecundity and
fertility of M. potohikus reared at constant
temperature on asparagine-mannitol agar.
(Data from table V.2).

Temperature~(°€) Coefficients of variation
Fecundity Fertility
10 7.6 18.6
15 49.2 54.4

20 85.9 78.1
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V.4), and there is some decline in fecundity and fertility,
Similar declines in fecundity and fertility may be seen.

in data for individuals reared on nutrient agar. Thus,
although the generation time is ‘longer at lower temperatures
(tables V.1, V.3), the course of population growth is more
predictable. Statistical analysis of data collected

af ter temperature changes shows highly significant (p {.01)
changes in fecundity when M, potohikus were shifted from
15°C to IOOC and significant (p €.05) changes when shifted
from 15°C to 20°C; the fecundity of the nematodes then
at 10°C and 20°C also differ significantly, Highly
significant changes in fertility occurred as a result of

these temperature changes. In the field temperature changes,
at a given depth, as great as 5¢° were recorded only in early

summer. These changes were based on monthly measurements,

It has been implied that the average fecundity and

fertility, under cultural conditions, of female M, potohikus

cultured with males does not differ from that for partheno-
genetic females. However, of 18 females cultured with
males six died in an extremely gravid condition (6-10 distinct
eggs in uteri, 2 being normal for gravid females) laying few,
if any, eggs. The remaining 12 females produced 57 - 604
eggs and are regarded as successful (see table V.5), None
of the hundreds of females observed reproducing in the
absence of males, during the course of these studies, died
gravid, It is thought that the death of females after
copulation may be due to damage to the vagina or uteri in
copulation, In one case a male was observed with its
extremely short tail(e' ¥ 1.0 for M. potohikus males)
inserted in the vulva; this suggests longer tails may have
adaptive significance. In considering the possible role of
males in the reproductive biology of the species the overall
average must be considered and it may then be said that

males do not appear to have a significant effect on fecundity
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or fertility,

Although different media may influence population
changes (see V.3.3) the similarity between the results
obtained on asparagine-mannitol agar and nutrient agar,
when one individual could exploit the bacterial- growth
over 56 cmz, suggest that the differences in population
growth are not directly related to the composition of the
media. However, certain essential factors seem to be
required for hatching and maturation of some species
(section V.4.1).

Figure V.1 illustrates graphically the course of the
life-history of representative M. potohikus from the laying
of eggs to death, at 10, 15 and 20°c, The history of a

female cultured with a male is also given. The graphs for
parthenogenetically reproducing females show clearly how
fertility equals fecundity up to a certain point, a period
of partial fertility follows and the last eggs are in-
fertile, The usual explanation of such a phenomenon is
that the female 'is a protandrous hermaphrodite and the
infertile eggs are produced when the supply of sperm is
depleted (see Potts, 1910; Honda, 1925; Triantophyllou

and Hirschmann, 1964). In M. potohikus, however, no sign

of protandrous hermaphroditism has been observed and no
records of the phenomenon in the Diplogasteroidea are

known, What has been observed, however, is that the cells
of the ovaries are essentially similar in size and, in
mature females, show no external evidence of division
(section 1I1.9), although chromosomes may be demonstrated

in some cells suggesting they are not in interphase (section
V.3.4). It is suggested that the fertile eggs are simply
parthenogenetic and that the later eggs lack nuclear
material. In addition to being inviable in the cultural

conditions the infertile eggs are much lighter in colour
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and often break on touching with a mounted eyebrow hair, a
condition which has never been observed in fertile eggs.
The infertile eggs disintegrate within 48 hours. It is
further suggested that the infertile eggs are a result of
the continuing, but declining, secretion of yolk and shell
materials. Their relatively fragile nature may be due to
the absence of an endogenous chitinous shell within the
exogenous mammillate pgotein layer (sée'Hirschmann, 1960;
Rogers, 1962). Honda (1925) reported that unmated

Mikoletzkya aerivora produce infertile, unfertilised eggs

which are smaller than those of mated females and which
disintegrate. Such disintegration usually begins within

24 hours of laying.

If the ovaries of M. potohikus do show cell constancy

after maturation, this explains a point in table V.2, On
both asparagine-mannitol agar and nutrient agar the average
fertility recorded decreases with rising temperature; the
longer maturation time at lower temperatures may allow extra
cleavages in the germ line, and at‘higher’temperatures
abnormalities in cytokinesis may reduce fertility. The
Aschelminthes and Acanthocephala characteristically show
cell or nuclear constancy (eutely). Hyman (1951) states
that in nematodes ''cell division in general ceases at
hatching except in the reproductive system and there is
usually no further increase in the number of nuclei'. In

M. potohikus eutely seems to occur even in the reproductive

system of mature females.

Neither the average fecundity nor average fertility
of even 'successfully?! (table V.5) inseminated females
differ significantly (p> .5) from that recorded for parth-
enogenetic females. Further work (section V.3.4) has
shown that eggs of inseminated females do not produce a

greater proportion of males than eggs of parthenogenetic
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females. Honda (1925) found that the proportion of males

produced by the normally hermaphroditic Caenorhabditis

dolichura increased markedly after insemination. Predation

studies (section V.3.5) on M, potohikus indicate that males

move more actively than females. This may indicate that
females do not actively seek males as they are capable of
reproducing independently, by parthenogenesis, and that all
attempts at mating originate with the males. However, as
there is no significant change in fecundity, ferfility or
the sex ratio in progeny, it appears that the small,
spheroidal sperm observed in the ejaculate of males play

no role in reproduction.

In their review Triantophyllou and Hirschmann (1964)
concluded that in plant and soil nematodes there is an
evolutionary tendency from amphimixis to 'hermaphroditism?,

rather than the reverse. M. potohikus appears to represent

a direct transition from amphimixis to parthenogenesis, as
recorded in Rhabditis pellio by Hertwig (1920).

V.3.3 Comparison of Media

Comparative studies of media used in nematode culture
are frequently hindered by the presence of 'quiescent’

nematodes, typically coiled up below the surface of the

agar, In M., potohikus, however, no such quiesence has
been found and there is no dauer-larva. When the available

food supply is exhausted the nematodes die, juveniles sub-=-
sisting longer than mature individuals, Any eggs present
continue to hatch and the first stage juveniles survive

for a considerable time. The survival of juveniles may be
due to various factors, including the presence of food

reserves, lower foocd requirements and the ability to feed
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from bacterial films thinner than those needed by mature
individuals. M. potohikus thus appears suitable for use

in comparing media.

Replicate plates of each of four media (Czapek Dox
agar, nutrient agar, asparagine-mannitol agar, Nigon's
medium) were inoculated with B, cereus and an immature
M. potohikus, at each of 10, 15 and 20°¢, The cultures

were examined daily until eggs were first recorded and

thereafter counts of total active nematodes on the plates,
of 56 cm2, were made at intervals of up to nine days. The
experiments at 109C were terminated after 130-150 days.

The results are dindicated in fig. V.2,

Differences with both medium and temperature are
marked. The four media used form a graded series with
regard to total available nutrients (Czapek Dox agar >
nutrient agar > asparagine-mannitol agar > Nigon's medium)
and the maximum population recorded on each of the media
is positively correlated with the available nutrients.
However, the areas under the curves (fig; V.2) for 0-130
days, relative to Czapek Dox agar at 15°C, are -in the
order Czapek Dox agar> nutrient agar > Nigon's medium »

asparagine-mannitel agar.

Both Czapek Dox agar and asparagine-mannitol agar
are holidic whereas nutrient agar and Nigon“s*mediﬁm are
oligidic, On heolidic media the maximum populations
were recorded at 15°C, but at 20°C on the oligidic media.
On all media the rate of the initial population increase
at 20°C was slightly greater than that at 15°C while that
at 10°C was much less than at either 15 or 20°G.

The general variation in the nematode populations
reflects the quantitative variation in the bacterial flora.

The variation in the bacterial flora presumably reflected
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the variation in availability of nutrients, ‘In the holidic
media once the greater part of the available nutrients had
been used further bacterial growth was possible only by the
utilization of residual traces of nutrients, although some
recycling of nutrients cannot be ruled out, Hence the
relatively smooth decline of populations on Czapek Dox agar
and asparagine-mannitol agar at all temperatures, The
oligidic media contain organic components (e.g. beef extract,
peptone, lecithin) whose availability as nutrients does not
follow such a simple pattern: the populations recorded at
15 and 20°C on Nigon's medium 0-60 days after the first
recorded egg illustrate the greater population stébility
which may be achieved on such media, The nutrients in the

nutrient agar used appear to have been freely available,

The populations on the plates at 10°C were initially
limited by the generation time of M, potohikus at this
temperature (42-50 days). The bacterial population was
not limited so severely and continued to use nutrients
which were thus not fully exploited by the small nematode
population, except on Nigon's medium, The sum of the
relative areas under the curves for the various media at
each temperature are 10°C 125, 15°¢ 182, 20°C 138. 1In
addition to the limitation imposed by generation time at
IOOCs at 20°C the resources of the media are apparently not
utilised to the full.

66
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V.3.4 Sex Determination

V.3.4.1 Introduction

Parthenogenetic females of M, potohikus produce a

considerable number of viable eggs and may give rise to
sizable populations on agar plates, In these populations
males appear and may constitute about one-fifth of the
population. Males copulate with females. Over 150 eggs
were put on individual agar plates to establish cultures
and without exception each gave rise to a female, Thus

the question arises, what causes the production of males?

V.3.4.2 Methods and Results

1, Chromgsome numbers-

Temporary mounts were made using the propionic-
orcein method (Smith, 1943; Mulvey, 1955). In the
germinal zones of testes, cells were observed with eight
chromosomes, four bivalents or four chromosomes. The
'germinal zones'! of ovaries show no external sign of
division but four bivalents were demonstrated in some. That
the germ iines ¢f both sexes have a similar chromosomal
complement suggests the occurrence of males is not due to
polyploidy either directly or by the action of a series of
multiple alleles, The presence of a simple genetic or
chromosomal zex determining mechanism cannot, however, be

ruled out with this evidence alone. In Mesorhabditis

belari Nigeon (1949) found each sex had 20 chromosomes and
that the behavicur of pronuclel after penetration of an

egg by a sperm influenced the sex of the progeny.

2, Egge numbers-

In the following experiments, unless otherwise noted,

eggs of parthenogenetic females of M, potohikus were taken

at random from cultures on asparagine-mannitol agar in
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which B. cereus was the food organism, The eggs, at various
stages of development, were placed in various numbers in
petri dishes of 13 cm2 containing the same medium and at

the same temperature (20°C). In all experiments the
proportion of replicates at each density was similar to that
given in fig. V.3B. The number of each sex present was

determined seven days 'later.

a) Medjium at pH 8 - The results obtained are indicated

in fig. V.3B. Two points are clear. Firstly, there is a
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'threshold' number (seven) below which no males were recorded,

despite extensive replication. Secondly, above this thresh-

old a rather variable proportion of males occurred, one in
five being an average figure, The calculated regression
line in fig. V.3B is:

Y = 0,2263X - 0.54 r = 00,9335 N = 240
where Y is the number of males, X the total number of

nematodes, r the correlation coefficient and N the number

of plates.
b) Medium at pH 6 =

Y = 0.3232X - 1.10 r = 0,9696 N = 18
c) Medium at pH 11 -

Y = 0.1660X - 0.13 r = 0,8900 N =18
d) Eges of parthenogenetic females predating on

Mesorhabditis littoralis reared on asparagine-mannitol agar

at pH 8 with B. cereus -

Y = 0.1965X - 0,52 r = 0.9877 N =15
e) Eggs of females cultured with males at pH 8,
copulation being observed -

Y = 0.1404X - 0.50 r = 0.9687 N 21

Il
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f) Medium at pH 8, as for a) except dishes of 56 cm2 =
Y = 0,0177X - 0.04 r = 0.5819 N = 93

The "threshold’ number for occurrence of males was

about 28.

3, Numbers of first stage juveniles-

Various numbers of the morphologically distinct first
stage juveniles, taken at random from maleless cultures
were placed on petri dishes of 13 cm2° All cultures were
on asparagine-mannitol agar at 20°C, pH 8 and with B, cereus
as the food organism; The number of each seX present was
determined six days :later -

Y = 0.1572X - 0.24 r = 0.8855 N = 37,

V.3.4.3 Discussion

In all the experiments ‘involving eggs or first stage
juveniles in small petri dishes the relationship of the
number of males developing to the total number of nematodes
is essentially the same, The relationship is illustrated
in fig. V.3, The larger petri dishes, used in 2f, had an
area 4,26 x that of the small dishes; the relationship
of number of males to total nematodes is again similar,
and the ’‘threshold’ of 28 is four times that recorded on

the smalier dishes,

Thus, in M. potohikus the occurrence of males appears

to be dependent on the egg density, or probably more
strictly on the density of first stage juveniles. The
absence of apparent sexual differentiation in first stage
juveniles has already been noted (section 1.9). Facilities
were not available for testing the effects of density on

later stages.
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Since the work, summarised by Christie (1929), on

sex determination in Mermis subnigrescens (Mermithidae)
various observations have been made relating to environ-
mental determination of sex in nematodes (e.g. Chuang,
1962; Hansen and Cryan, 1966; McClure and Viglierchio,
1966; Parenti, 1965). Up to the present time the
postulate of Triantophyllou and Hirschmann (1964) that
"the genetic sex-determining factors in these organisms
are at a balanced state so that a slight influence of the
environment during the early period of sexual differentia-
tion of the larvae may be sufficient to shift this balance
in favor of the male or the female sex" has not been
questioned. This concept explains the occurrence of
intersexes. Nigon (1949) suggested that Caenorhabditis

elegans, which has an ovotestis, could be regarded as a
female intersex. No intersexes have been observed in

M. potohikus. The concept does not appear to hold, how=

ever, in the case of M, potohikus. At low densities all

M. potohikus develop into females but as the density
increases the number of males increases at an apparently
constant rate. This rate is represented by the gradient
of the calculated regression lines, which has a mean value
of 0.2, on plates of 13 cm™, Thus a final ratio of
females to males of 4:1 may be predicted. It appears,
therefore, that there is some underlying mechanism by
which only one egg in five has the potential of producing
a male nematode, but this potential is not achieved at low

densities,
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V.3,5 Predation in Laboratory Culture

V.3.5.1 Introduction

The literature on predacious nematodes, reviewed by
Esser (1964) and Esser and Sobers (1965), contains Little
quantitative information (e.,g. Steiner and Heinly, 1922;
Thorne, 1927: Overgaard Nielsen, 1949). The establish-

ment of cultures of M, potohikus, a species whieh can

apparently be cultured indefinitely on bacteria but which
is also predacious, has given opportunity for quantitative

experiments on predation,

V.3.5.2 Materials and Methods

All nematodes used in this work were derived from
dune sand under marram grass (Ammophila arenaria (L.) Link.)
at Himatangi Beach, Manawatu, New Zealand. The~predatofs
and all prey species used in sections 2-6 were maintained
in monoxenic culture on asparagine-mannitoi agar (Thornton,
1922), Other prey species were recovered from sand by

the Baermann funnel technique,

In section 1 the prey species was placed on a plate
with an established predator population. Continuous
observations were made under a sterecscopic microscope to

determine any interaction,

In subsequent experiments prey populations were
placed on agar (15 g 'Davis'! agar / 1, adjusted to pH 8)
in sterile glass petri dishes, each with an area of 13 cmzo
A single predator was added and, except for perioeds of
observation, the plates kept in the dark in an incubator
at 20°cC, Ten replicates of all such experiments were
run and the valueg given are means of these. Extreme care
had to be taken to avoid breaking the surface of the agar

and placing the prey species below the surface. Plates
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with areas of water, bacterial film, or medium from stock
cultures were rejected. The walls of the petri dishes
were included in the regular scanning, Unless noted

otherwise female M. potohikus were used as the predator.

V.3.5.3 Results

1, Range of prey attacked

Individuals of the follewing species were attacked

when placed in cultures of M, potohikus, usually within a

minute of placement

Mesorhabditis littoralis n. sp.

Panagrolaimus australe n. sp.

Acrobeloides syrtisus Yeates, 1967.

Zeldia punua Yeates, 1967,

Ereptonema inflatum Yeates, 1967. .

Takakia waipukea Yeates, 1967.

Ethmolaimus sp.
Eurystomina sp.

Nygolaimus (Nygolaimus) directus Heyns, in press.
Discolaimium sabuli Yeates, 1967,

Mylonchulus psammophilus Yeates, 1967.

Normally a single predator made the initial attach
(fig. V.4A) but, particularly with large prey species,
further predators frequently approached after the initial
attack (fig. V.4B). Up to nine M., potohikus have been

observed feeding on a single D, sabuli.

On 20 occasions enchytraeids (Hemifridericia sp.)

were placed in cultures of M. potohikus. In every case

the nematodes clearly meved away from the enchytraeid.

Only one case of canabalism has been observed.

Eight M, potohikus of various stages were moving over a

72
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recently killed A, syrtisus when a mature M. potohikus

attacked, killed and ingested a first stage juvenile of

its own species. Most observed interactions were between
mature females, Usually, an individual, whose cuticle

had been touched by the lips of another individual, reacted
sharply and withdrew. Esser (1964) recorded a similar

reaction in a dorylaim touched by the lips of a mononchid,

In eultures of M. potohikus nutrients were exhausted

after 40-50 days and growth of the food source (Bacillus
cereus var. mycoides) virtually ceased. Under these
conditions mature individuals died, and did not prey on
the juveniles which continued to hatch, and live, for some

time,

Only mature M. potohikus appear capable of wounding

prey. However, juveniles may accumulate around a partially
eaten carcase and frequently run their lips over the

remnants left by adults.

Observations with the various prey species have shown

that when M, potohikus disengages from the prey and moves,

for example, to another position on the same prey no
material is normally extruded from the hole through which
feeding had been carried out, When, however, an actively

feeding M, potohikus is forcibly separated from its prey

such extrusion is almost invariable. When a prey from
which disengagement has been voluntary is cut no extrusion
occurs. This suggests feeding has reduced the hydro-
static pressure of the prey. Extrusion may be due more
to pulling by the predator than to the effect of hydro-

static pressure.



TABLE V.8, Influence of foreign material (0.25 ml water) on agar plate
on removal of two prey species by M, potohikus over 24 hours.

(N = 10).
Species A, syrtisus P. australe
Agar clean + water clean + water
Inoculum 50 50 50 50
Mean number removed 20.2 26.1 21.3 30.4
Standard deviation 2,58 8.52 A 3.52 8.27

ip .025 - .050 .005 = .001



Number of individuals removed from mixed prey populations by a single

P. australe

M. lirtoralis
25 25
13.3 11.8
3 - 20 2 - 20
4,71 5.75

TABLE V.7

M. potohikus in 24 hours (N = 10 for each combination).
Species M, littoralis A. syrtisus
Inoculum 25 25
Mean number removed 18.4 17.4
Range 11 - 25 8 - 24
Standard deviation 2,79 5.16

0.5 ~ 0.8

Ipl

0.5 - 0.6

2
1
8

0.4 - 0.5

A. syrtisus P. australe

5

6.5
- 24
3,26



TABLE V.6, Number of individuals removed from pure prey
populations by a single M. potehikus in 24
hours (N = 10).

Species M, littoralis A. syrtisus P. australe

Inoculum 50 50 50

Mean number 20.7 20.2 21.3
removed

Range 16 = 24 15 - 23 16 = 27

Standard 2,49 2.58 3.52

deviation
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2. Selecticon of prev species -

With a range of prey species the question of select-

ivity arises. To determine whether M, potohikus preys

selectively on any of ‘M, littoralis, A. syrtisus and

P, australe the following experiments were carried out,

Firstly, 50 of each prey species were placed in petri
dishes with a single predator and the number removed in 24
hours determined (table V.6). The numbers of each species
removed do not differ significantly from those for any

other species (p?»” .10 by analysis of variance).

Secondly, 25 of each of two species were placed in
petri dishes with a single predator and the number of
each species removed in 24 hours determined (table V.7).
In none of the combinations is there a significant difference

between the number of each species removed during this period.

3, Influence of 'foreign material' on the agar, on

predation rate -

It was observed that when the agar plates were con-
taminated, by water, areas of bacterial film, or pieces of
medium from a stock culture, movement of both prey and
predator was ‘influenced by the contaminant. This was
manifested by accumulation of prey in areas of moisture or

bacterial film and by M. potohikus feeding on transferred

medium. To test the significance of these effects 50
specimens of a prey species were added to each of a series
of ten petri dishes without additional moisture and ten to
which 0,25 ml water was added with the prey. A single
female predator was then added and the prey population
counted again 24 hours later. The results, given in
table V.8, show there was a significant difference between
the two treatments. The higher standard deviations for

the "+ water" series suggests the accumulation of prey in



TABLE V.10, Time taken by M. potohikus to remove 10

M. littoralis from agar plates, with and

without a bacterial film.

(N = 10.

Standard deviations given in brackets)

Agar

Hours to remove
first 5 prey

Hours to remove
second 5 prey

Hours to remove
all 10 prey

With film of

B. cereus

9.6 (4.4)

31.6 (20.1)

41,2 (22.7)

Without
B. cereus

o M

film

9,7 (5.5)

34.3 (25.6)

43,9 (24,3)



TABLE V.9 Time taken by M. potohikus to remove successive

groups of five M. littoralis from fresh and

previously populated agar plates.

(N = 10.

Standard deviations given in brackets)

Agar plate

Prey inoculum

Hours to remove
first 5 prey
Hours to remove

second 5 prey

Hours to remove
third 5 prey

Hours to remove
fourth 5 prey

Hours to remove
fifth 5 prey

Hours to
extinction

Fresh

25
3.0 (2.0)

6.8 (8.7)

7.5 (5.4)
16.1(12.9)
34.2(19.7)

68.6(28.7)

Previously
Populated

25
5.2 (4.2)

5.8 (2.5)
12.0 (6.3)
25.4 (7.5)

39.2(19.9)

87.6(28.6)
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certain areas affected the effective prey densities, and

thus the predation rates,

4, Influence of old prey tracks on predation rate -

In all other experiments reported here the agar
plates used were fresh and the prey and predator inoculated
at the same time., To determine whether the presence of
tracks of the prey speciesg influenced the predation rate of

M. potohikug, 25 M., littoralis were placed on a plate and

left for 12 hours before adding the predator; in the
controls prey and predator were added at the same time,
Hourly counts were made and table V.9 indicates the time
taken to remove each successive five prey. None of the
differences between the treatments are significant at the
5% level,

5. Influence of a Bacillus cereus film on predation

rate -

The stock cultures of M., potohikus were maintained

on B, cereus, In order to see whether the presence of a
film of this bacterium, which is clearly a suitable food,

affects the rate of predation by M. potohikus, an aqueous

suspension of B. cereus was spread over plates of
asparagine-mannitol agar adjusted to pH 8. After 24

hours 10 M, littoralis and a single predator were added

to each of ten replicates and counts of prey made at

hourly intervals, Similar observations were made on a
plate without a B. cereus film, The resulits are given
in table V.10, The differences between treatments are

not significant at the 5% level,

6, Influence of prey density on predation rate -
Steiner and Heinly (1922), Hyman (1951) and Esser

(1964) concluded that predacious nematodes seem unable to




TABLE V.11. The time taken by M. potohikus. te remove successive groups of five

M. littoralis from agar plates, with a range of initial prey

population densities. (N = 10, Standard deviations given in brackets)

Prey inoculum 5 10 25 50

Hours to remove lst 5 prey 9.7 (3.2) 9.7 (5.5) 3.0 (2.0) 0.53 (0.34)
2nd 5 | 34.3 (25.6) - 6.8 (8.7) 0.73 (0.78)
3rd 5 7.5 (5.4) 0.83 (0.71)
4th 5 16.1 (12.9) 1,68 (1.56)
S5th 5 34.2 (19.7) 7.99 (19.8 )
6th 5 8.12 (8.8 )
7th 5 22.8 (26.5 )
8th 5 31.3 (29,9 )
9th 5 27.5 (25.3)
10th 5 42.0 (14.6 )

Hours to extinction 9.7 (3.2) 43,9 (24.3) 68.6 (28.7) 143.5 (46.5 )
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detect their prey at even very short distances.,. Thus prey
density can be expected to affect the rate of predation

by affecting the number of chance encounters. Series of
plain agar plates were inoculated with 5, 10, 25 and 50
M., littoralis, a single female M, potohikus added and

counts made hourly. Table V.!l1 shows the time taken to
remove each successive five prey. The influence of prey

density on predation rate is clear.

7. Predation rate and satiation -

Nematodes cultured in bacterial films appear, in
most cases, to feed almost incessantly. The predacious

habits of M, potehikus make it pessible to quantify the

food intake, The following experiment was designed to

determine whether the rate of predation by M. potohikus

remained constant, under conditions of constant prey density,

over a 24 hour period. Fifty M, littoralis were placed

on each of 10 replicate agar plates and a single predator
added., The plates were examined at an average interval
of 40 minutes over the subsequent 24 hours and the prey
population made up to 50, using multiples of five prey,
as required. The time taken to remove each group of

five prey was recorded.

The number of prey eaten in the 24 hour period
varied from 180 - 380 and the time taken to eat five
from 7 - 229 minutes. Analysis of the time taken, in
each of the ten replicates, to eat the first five,
second fiVe,vthird five, . . . , thirtyasixth five prey
showed that there was no significant variation (p§>;10)o
It is thus apparent that, under these conditions,

satiation does not coecur in M. potohikus. For the 512

groups of five prey removed the average time taken was

28 minutes‘(standard deviation = 24),



TABLE V.12, Time taken by male and female M. potohikus to remove 25 M. littoralis

from agar plates.

Hours to remove
first five prey

Hours to remove
second five prey

Hours te remove
third five prey

Hours te remove
fourth five prey

Hours teo remove
fifth five prey

Hlours to extinction

Males

1.5 (0.
1.6 (0.
2.2 (1.

4,0 (2.

7.4 (4

16.3 (7.

(N

85)
88)
41)

41)

64)

28)

Females
3.0 (2.0)
6.8 (8.7)
7.5 (5.4)

16.1 (12.9)

34.2 (19.7)
68.6 (28.7)

Standard deviations given in brackets)

Probability

.05
.10
.005
.01

.001
. 001
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8, Predation rate of males compared with that of females -

In most cultures of M. potohikus on B, cereus males

were relatively uncommon and the abundant females were used
for the preceding experiments, To determine whether a
sexual difference exists in predation rate a single male
was added to each of 10 plates with 25 M, littoralis,

Counts were made hourly and in table V.12 are compared with
results of a similar experiment with females, There 1is
clearly a significant difference in the predation rate of

the two sexes under the experimental conditions.

V.3,5.4 Discussion and conclusions

The rate of predation, on agar, of female Mononchoides

potohikus has been found to be independent of a) the prey
5pecies, b) the presence of old tracks of the prey species,
and c) the presence of a bacterial film. It is not
affected by gatiation, but is dependent on prey density.

It is thus concluded that predation is due to chance
encounter and that prey is detected largely by tactile

stimuli,

The accumulation of predators around wounded prey
is presumably due to the release of substances from the
prey and the attraction of further predators, The work
of Jegen (1920, cited in Kithnelt, 1961) suggests the strong
alkaline secretion of the salivary glands of enchytraeids
may be nematocidal and this could explain the retreat of

M, potohikus from enchytraeids placed in the cultures,

However, some nematodes (e.g. Nygolaimus spp., many

Aporcelaimidae, Mononchidae, some Dorylaimidae) are
predacious on enchytraeids. These species apparently
withstand or counter, this secretion. Indeed, it may be

used for prey location.

Thus, although location of intact prey does not seem



78

to have a chemical basis other reactions do. The location
of chemosensory structures remains in douht, . Zur Strassen
(1904, cited in Inglis, 1964) suggested that amphids are
chemosensory while Inglis (1964) suggested these structures
may be stretch receptors. Green (1966, 1967) has demon-

strated that sedentary females of Heterodera rostochiensis

and H., schactil use a non=volatile attractant te attract

males, Such an attractant seems essential when one sex 1is
sedentary. However, the presence of sex attractions has

also been demonstrated in Panagrolaimus rigidus and Pelodera

teres by Greet (1964) and Jones (1967) respectively. The
induction of swarming, on the other hand, is largely unex-
plained although it has been suggested that it is due to
nutritional factors (Hollis, 1962).

A nematode is, in some respects, a hydraulic system
and thus has an approximately constant volume. As

satiation has not been found to occur in M, potohikus and

total volume is constant there must be a faecal output
equal in volume and rate to the food intake. Observations

for at least an hour on each of M, littoralis, A, syrtisus,

Z., punua, P, australe and M. potohikus feeding in films of

B, cereus has shown that, under these conditions, all these
species defaecate every two te five minutes. Clearly
there -is a rapid passage of material through the gut. The
relatively poorly developed oesophageal glénds and the
rapid passage of material suggests there is a minimal amount
of intra-intestinal digestion, as Potts (1910) also noted.
Recent work with planktonic organisms has suggested that
dissolved organic materials may be important in the
nutrition of some and that in certain suspension feeders
the bacterial moiety of the detritus-bacteria complex

has by far the greater food value. In some cases it is
thought that digestive juices may act on the faeces which

are reingested at a later stage (see: Baylor and Sutclifffe,



1963: Riley, 1963; Jgrgensen, 1966). The exact nature
of the digestive processes in synxenic cultures of
nematodes is uncertain but axenic culture suggests that

direct absorption of nutrients is possible.,

Female M. potohikus reproduce parthenogenetically

in the absence ¢f males and, in culture, it 1is doubtful
whether copulation with the sperm-producing males of the
species gives any definite advantage (section V.3.2).

The females seem to make no attempt to find males, all
efforts at copulating apparently being due to the male.
As no evidence for chemotaxis has been found in predation
experiments it is thought the greater mobility of males
reflects this effort. The increased mobility of males
enhances the possibility of encountering both females and
. prey. This appears to explain the significantly greater
predation rate of males (table V.12).
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V.4 ASPECTS OF THE BIOLOGY OF FIVE FURTHER SPECILES

9

V.,4,1 Introduction

This section consists mainly of the -presentation
of data. In the following section these data are
discussed in relation te conditioens in the field and the
six species cultured are compared with each other and with

published work.

V.4,2 Mesorhabditis littoralis n. sp.

Single, undivided eggs of M, littoralisg placed on

any of the media in use (section V.2) failed to hatch,
and single newly hatched juveniles similarly failed to
mature, Inoculation of plates with several mature
parthenogenetic females never failed to establiish a
population. Dougherty (1953) reported similar difficul-

ties in the monoxXenic <ulture of certain Rhabditis spp.

Up to 50 eggs, not developed beyond the four cell
stage, were placed on both large and small plates of
asparagine-mannitol agar but, although development pre-
ceded to produce a recognisable juvenile in every case
none hatched. Single eggs hatched, but failed to mature,
even when a drop of washings from a plate supporting an

expanding population of M. littoralis was added. Additicn

of washings autocilaved at 15 1b/in2 for 20 minutes did

not result in hatching.

When newly hatched juveniles were placed on plates
(1, 2, 5, 10, 20, 50 juveniles on each of five replicates,

large and small dishes) maturation and reproduction were
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FIG.VS Fecundity and longevity of Mesorhabditis littoralis in
monoxenic culture with B.cereus on asparagine-
mannitol agar at pH8. See figVl for method of
portrayal.




TABLE V.13

asparagine-mannitol agar at pH 8 with B. cereus;
(See V.4.2 for details).

observations.

Temperature (°C)

Laying-hatching (days)

Hatching-first egg (days)

Days from first egg to last egg

Days from last egg to death

Total lifespan (post-hatching) (days)

Fecundity (total eggs laid)
Days in laying period eggs not laid
Generation time (days) (egg-egg)

Fecundity and longevity of Mesorhabditis littoralis n.

sp.
based on daily

15
3 3 3 3 3
5 6 5 6 6
6 7 8 7 7
3 1 1 3 0
14 16 14 18 13
66 25 78 64 77
0 3 2 1 0
8 9 8 9 9

cultured on

20
3 3 3 3 3
6 6 7 6 5
7 4 4 6 5
1 1 0 0 1
14 11 11 12 11
111 21 21 79 106
1 1 1 0 3
9 9 10 9 8
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recorded on small plates with 5, 10, 20, 50 juveniles and
on large plates with 50 juveniles, Thus maturation
occurred at a density of one juvenile /2.66 cm2 in smalil
dishes and one juvenile /1.14 em? in large dishes. The
maximum densities at which maturation was not recorded. are.
one juvenile /6.65 cm2 and one juvenile /2,88 cmz, res-

pectively.

In monoxenic culture with B, cereus on asparagine-

mannitol agar M. littoralis requires an additional factor,

or factors, for hatching and maturation., The hatching
factor cannot be provided by other eggs, at the densities
used, but is provided by washings from an established
culture, It is heat-=liable. The maturation factor may
be supplied by the nematodes themselves, their density
determining whether or not maturation occurs; i.e.
whether or not the facter reaches a sufficiently high

concentration.

The fecundity data presented in table V.13 1is
derived from the first egg laid on plates to which several
mature nematodes had been added. These eggs were observed
daily, the day of hatching recorded and on the first day
eggs were again laid, the eggs were counted and each
nematode transferred to a fresh plate. The eggs were
counted and removed from this plate daily. Due to the
problems associated with hatching, no attempt was made to
determine fertility, Figure V.5 illustrates the course

of the life-cycle of M, littoralis.

Males were rare in the cultures, 1% of mature
‘individuals being the maximum occurrence noted, and it is
thought their occurrence was determined largely by environ-

mental factors rather than by a simple genetic mechanism.
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FIGV8 Fecundty, fertility and longevity of Zeldia punua in

monoxenic culture with B.cereus on asparagine-mannitol
agar at pH8. See figV.l for method of portrayal.



TABLE V.16 Fecundity, fertility and longevity of Zeldia punua Yeates, 1967 in individual

culture on asparagine-mannitol agar at pH 8 with B. cereus; based on daily

observations.

Temparature (°C) 15 20

Laying-hatching (days) 9 3 7 7 7 9 11 8
Hatching-first egg (days) 32 25 27 29 30 24 24 23
Days from first egg to last egg 42 48 45 69 8 41 30 36
Days from last egg to death 0 ) 2 9 7 7 5 8
Total lifespan (post-hatching) (days) 74 78 75 107 45 72 59 67
Fecundity (total eggs laid) 78 86 77 128 17 38 32 42
Fertility (total eggs hatched) 63 53 52 69 15 20 20 31
Last day fertile eggs laid 42 45 49 69 8 41 30 35
Days in laying period eggs not laid 8 5 6 4 0 12 3 3
Generation time (days) (eggz-egg) 41 33 34 3% 37 33 35 31
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FIG.V.7 Fecundity, fertility and longevity of Acrobeloides syrtisus

in monoxenic culture with B.cereus on asparagine-mannitol

agar at pH8 See figV1 for method of portrayal.



TABLE V.15

individual culture on asparagine-mannitol agar at pH 8 with B,

on daily observations,

Temperature (°C)

Laying-hatching (days)

Hatching-first egg (days)

Days from first egg to last egg

Days from last egg to death

Total lifespan (post-hatching) (days)

Fecundity (total eges laid)
Fertility (total eggs hatched)

Last day fertile eggs laid

Days in laying period eggs not laid
Generation time (days) (egg-egg)

Fecundiry, fertrility and longevity of Acrobeloides svrtisus Yeates, 1967 in

15
7 5 6 5 4 5
9 9 9 10 9 10
11 13 15 6 9 5
3 2 2 0 1 3
23 24 26 16 19 18
65 73 140 39 98 18
3 51 135 39 23 14
11 13 15 6 9 3
0 1 2 0 0 0
16 14 15 15 13 15

B. cereus; based
20

8 s 8 71 9 7

5 4 4 4 5 4
10 7 10 11 14 10

2 0 1 2 2 0
17 11 15 17 21 14
85 63 61 110 139 92
49 9 20 69 112 83
10 3 3 11 14 10

1 o o0 0 1 1
13 12 12 11 14 11
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FIGV.6. Fecundity, fertiity and longevity of female Panagrolaimus
australe in monoxenic culture with B._cereus on
asparagine-mannitol agar at pH8. See fig.Vl for
method of portrayal.




TABLE V.14 Fecundity, fertility and loagevity of female Panazrolaimus

australe n.

cultured with a single male on asparagine-mannitol agar at

based on daily observations.

Temperature (°C)

Laying-hatching (days)

Hatching-first egg (days)

Days from first egg to last egg

Days from last egg to death

Total lifespan (post-hatching) (days)

Fecundity (total eggs laid)
Fertility (total eggs hatched)

Last day fertile eggs laid

Days in laying pesriod eggs not laid
Generation time (days) (egg-egg)

sp.

each

pH 8 with B. cereus;

15 20

3 2 2 2 3 3 2 3 3 3

6 8 7 7 6 6 6 7 6 5
12 12 13 14 16 19 21 13 16 17
1 2 0 J 0 J 1 1 0 1
19 22 20 21 22 25 28 21 22 23
228 435 210 229 333 575 439 220 506 454
132 329 119 157 162 284 216 68 284 180
12 12 13 14 16 19 21 13 16 16
0 0 J 0 0 0 1 2 0 0

9 10 3 9 9 9 8 10 9 8



V.4,3 Panagrolaimus australe n. sp,

Data on fecundity, fertility and longevity of female

P, australe are given in tables V.3 and V.14, and illustrated

in fig. V.6, In cultures the reproduction of P, australe

has been found to be strictly amphimictic and the sex ratio

approximately 1:1.

V.4.4 Acrobeloides syrtisus Yeates, 1967

Single eggs of this species were hatched and matured
readily at 15 and 20°c. No males were observed in any of
the cultures. Anderson (1965) described both female and

male -in A, uberrinus Anderson, 1965, but also reported

"colonies established from single immatures'". Data on
fecundity, fertility and longevity are given in tables V.3
and V.15, and illustrated in fig. V.7.

V.4.5 Zeldia punua Yeates, 196/

Z, punua hatched and matured in individual cultures;
males have been described in only one of the nine species

of this genus (Z. acrobeles Andrassy, 1967). Data on

fecundity, fertility and longevity are given in tables V.3
and V.16, and illustrated in fig. V.8.

V.4.6 Acrobeles kotingotingus Yeates, 1967

A, kotingoctingus ‘is amphimictic, as reported for
A. complexus and A, crossotus by Thomas (1965) and Steiner

(1929) respectively. Steiner (1929) described a ‘cement

flap' covering the vulva of A. c¢rossotus after cocpulation

and also described prominent "cement glands® in the male.
A vulval cap is often present in gravid females of A,

complexus and A, kotingotingus but cement glands have not

82
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FIG.VS. Fecundity, fertility and longevity of female Acrobeles kotingotingus
in monoxenic culture with B. cereus on asparagine-mannitol agar
at pHB. See fig.V.1 for method of portrayal.




TABLE V.17 Fecundity, fertility and longevity of female Acrobeles kotingotingus Yeates, 1967,

each cultured with a single male o0a asparagine-mannitol agar at pH 8 with

B, cereus; based on daily observations,

Temperature (°C) 15 20

Laying-hatching (days) 11 12 10 11 9 10 11 11
Hatching~first ezgg (days) 18 20 18 20 15 18 13 16
Days from first egg to last egg 30 29 32 40 41 30 40 37
Days from last egg to death 4 12 4 3 4 3 4 4
Total lifespan (post-hatching) (days) 63 73 64 74 60 51 57 57
Fecundity (to:al eggs laid) 83 87 75 94 100 101 109 101
Fertility (total eggs hatched) 44 44 46 50 89 41 64 60
Last day fertile eggs laid 30 29 32 36 41 30 39 37
Days in laying period eggs not laid 2 3 2 5 5 2 1 2

Generation time (days) (egg-ezg) 29 32 28 31 25 28 24 27
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been observed in malies of either of these species {Thomas,
1965; section 11.5 and further observations). Data on

fecundity, fertility and longevity of female A. ketingotingus

are-given in tables V.3 and V,17, and illustrated in fig.

V.9. The sex ratio in cultures is approximately 1:1,
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V.5 DISCUSSION

Ecological data for all the species maintained in

monoxenic culture, except P, australe, has been presented

and analysed in section II. The relative complexity of-
field conditions and the simplicity of cultural conditions
are such that few general comparisons can be made, although
some indication of thermal limitation can be seen, A
knowledge of field conditions was used in selecting cultural
conditions: the mean of 120 temperature records was 14.,97%C
(S.D. = 4,34), thus the temperatures of 10, 15 and 20°C
selected for the basic culture work are representative;
similarly the pH 8 used is consistent with the average of

pH 8.06 (S.D. = 0.30) recorded for sand sampleéo

Figures V.1 and V.5 = V.9 illustrate graphically the
life-history of each species cultured. Figure V.1l has been
discussed (section V.3.,2). That from the onset of egg
production fertility is less than fecundity in the remaining
five species is considered to be a real difference from the

conditien found in M. potohikus, as is the absence of

production of infertile eggs at the end of the reproductive
period. The differences are thought to reflect differences
in the reproductive mechanism, In both P. australe (fig.

V.6) and A, kotingotingus (fig. V.9) there is a period of

decreased fertility about midway through egg production

in these amphimictic species. As the individuals whose
fecundity-fertility curves are presented were observed
in_copule at the end of this period it is thought that the
exhaustion of the sperm supply caused the production of
the infertile eggs., A similar phenomenon has been

recorded in Turbatrix aceti (Pai, 1927). The remaining

species (M. littoralis, A. syrtisus, Z. punua) are 'parth-

enogenetic!', Although fertility was not determined for



TABLE V.18.

Summary of fecundity and fertility data feor all species in monoxenic

culture on asparagine-mannitol agar at pH 8, with B. cereus,

are the mean of N observations;

Temperature (°C)

Mononchoides potohikus 10
15

20

Mesorhabditis littoralis 15
20

Panagroliaimus australe 15
20

Acrobeloides syrtisus 15
| 20
Zeldia punua 15
| 20

Acrobeles kotingotingus 15
20

standard deviations given in brackets.

N
6
11
10
5

IR S S

Fecundity
219 (16.7)
184 (90.4)
146 (125.2)
62 (21.6)
67 (44.2)
276 (56.3)
421 (126.6)
68 (69.7)
82 (37.1)
92 (24.2)
32 (10.9)
85 (7.9)

103

(4.2)

Values

Fertility
162 (30.2)
156 (84.9)
119 (92.8)
184 (65.9)
199 (182.3)
41 (48.2)
61 (38.2)
59 (5.7)
21 (6.7)
46 (3.7)
59 (12.2)
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M, ilittoralis and egg production in M, liittoralis and

A, syrtisus was rapid, the data suggest that periods of

low fertility and a terminal decline in fecundity,
particulariy at higher temperatures, are normal in these

species under the cultural conditions.

In Z., punua the mean fecundity and fertility decline
with increasing temperature (table V.18) as was found for

M. potohikus, but in the remaining four species both

increase over the range in which rhey have heen studied.
There is an increase in the variability of either fecundity

or fertility, or bothy of aill the species, except A, syrtisus,

with temperature. A, syrtisus is the species most strongly

temperature limited (table V.3).

Table V.3 gives the generatiocn times recorded at each
of six temperatures for the species used in the present work.
Alithough reproduction did not occur at all temperatures in
all species, none of the temperatures were lethal to adults
or late juveniles and reproductien occurred if they were
returned to 15 or 20°C after a week at the more extreme

temperature, Except for M. potehikus all species show

temperature iimitation and, except for A, sygrtisus, decreas-

ing generation time with increasing temperature, There is
a noteworthy decrease -in the generation time of all species
between 13 and 15°C (table V,3). The mean temperature
recorded in the coliection area over a 12 month period
(section 1IV.2) was 14,97°C but such a marked change in

generation time near this temperature was unexpected.

A combination of data on fertility (table V.18)
and longevity, or generation time (table V.3), of a species
gives an indication of its 'biectic potential!. The 'biotic

potential! of species such as M, potohikus, M, littoraiis

or P, australe is greater than that of species such as




TABLE V.19, Generation times of plant, soil,

marine nematodes.

freshwater and
(Unless otherwise noted data

for Tylenchida are from Wallace, 1963; data

from axenic cultures indicated thus *)

Species Generation Temper- Source
time agure

(days) (7C)
TYLENCHIDA
Tvlenchorhynchus clavtoni 33 24
Ditvlienchus dipsaci 19.23 15
D, triformis 16-21 24-26  Hirschmann, 1962
Anguina agrostis 21-28 -
Heterodera glycines 21 23
H, glycines 24 -
H., trifolii 31 20
H, trifolii 45 15
H. schachtii 31 19
Me%;;iz;;ne Lnéogplta 28-33 2631
M._incognita acrita 25-90 -
Meloidogyne sp. 19-35 -
Meloidogyne sp. 25 27
Meloidogyne sp. 87 16.5
Pratylenchus pratensis 45-48 -
Radopholus similis 2025 24-32
Tylenchulus semipenetrans 4256 -
Hemicyeliophora arenaria 15-18 30
Criconemoides xenoplax 25=34 22-26 . Seshadri, 1965
Paratylenchus projectus 30-31 25-28
Neotylenchus.linfcrdi 8 22-25
Aphbelenchoides ritzemabosi 14 -
A. ritzemabosi 11-12 17-23
A, ritzemabosi 13-14 13-18



A, ritzemabosi

‘A, fragariae

RHABDITIDA

Pristionchus robustus

Mononchoides potohikus

Mikoletzkya aerivora

Pelodera teres

P. teres

P. strongyvloides

Caenorhabditis elegans

C. elegans

C. brigegsae

Mesorhabditis monhvstera

M, _littoralis

Panagrolaimus rigidus

P. australe

Panagrellus redivivus

Turbatrix aceti

T, aceti

A A

Cephalobus persegnis

L, dubius
Heterocephalobus elongatus

Eucephalobus oxyuroides

Acrobeloides syrtisus

A, buetschlii

Zeldia punua

Acrobeles complexus

10-13
10-11

3-4

3-5

5.6%

20
10-12
c20

14
cl5

<20

i4
9-10%

32

32

14
18

20
22-24

23

2224
20

20
15-16

20
15-16

20
25

21

20

15-16

15-16

15-16

20

20
25

Strimpel, 1967

Maupas, 1900
new data
1925

Dotterweich,
1938

1938

Lower et _al,
1966

1925

Honda,

Ludwig,

Honda,

Nigon &
Dougherty, 1949

1949

Overgaard
Nielsen, 1949

new data

Nigon,

Overgaard
Nielsen, 1949

new data

Cryan et al,
1963

Pai, 1927, 1928

Lower et al,l1966

Overgaard

Nielsen, 1949
1900

Overgaard
Nielsen,

Maupas,

1949

Overgaard
Nielsen, 1949
new data

Lower et al,1966
new data

Thomas, 1965



A, ciliatus

A, kotingotingus

ARAEOLAIMIDA

Plectus cirratus

P, parvus

P, granulosus

P. parietinus

Tyvlocephalus auriculatus

MONHYSTERIDA
Monhystera dis juncta

Prismatolaimus dolichurus

Diplolaimella schneideri

CHROMADORIDA

Euchromadora gaulica

Achromadora dubia

ENOPLIDA

Tripyla setifera

Acanthonchus cobbi

20-25

25

20-25
c20
c25

60
20

€30
20-30

c40

30-40

c20

30-40

29

15-16

20

20-22
15-16
15-16

10-13
15-16

20-24
15-16

20-24

15-16

20-22

Overgaard
Nielsen, 1949

new data

Overgaard
Nielsen, 1949

Overgaard
Nielsen, 1949

Overgaard
Nielsen,1949

Maggenti, 1961

Overgaard
Nielsen, 1949

Chitwood &
Murphy, 1964

Overgaard
Nielsen, 1949

Chitwood &
Murphy, 1964

Hopper &
Meyers, 1966

Overgaard
Nielsen, 1949

Overgaard
Nielsen, 1949

Hopper &
Meyers, 1966



Enoplus communis annual - Wieser &
Kanwisher, 1960

DORYLAIMIDA
Dorylaimus ettersbergensis 77 - Hollis, 1957
Xiphinema vuittenezi 2 years? - Flegg, 1966
Mononchus papillatus c50 - Steiner &
Heinly, 1922
Alaimus primitivus 20=30 20-22 Overgaard
Nielsen, 1949
Trichodorus sp. 16-17 30 Rodhe &
Jenkins, 1957
 Trichodorus sp. 21-22 22 Rodhe &

Jenkins, 1957
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A, syrtisus, 4., punua or A, kotingotingus. It is also

clear that 'biotic potentials' are highly temperature
dependent and they are also influenced by the-occurrence
of 'unproductive' males. In all species except Z._punua
there is a general increase ‘in "biotic potential’ with
temperature, Those species with a higher 'biotic
potential’ can rapidly exploit favourable changes in
environmental conditions and thus can greatly influence
faunal composition in the field. The potentials found
in cultures are assumed to reflect the behaviour of the
specific populations in the field, and for the species
under consideration the 'biotic potentials“’are'compatible
with the population changes illustrated in section II.
Similar informatien is available for relatively few other
species of free-living and plant parasitic nematodes
(see, for example, Kdmpfe and Schmidt, 1966; Pai, 1927,
1928; Potts, 1910; Wallace, 1963).

The -literature contains scattered references to
the generation times of plant, soil, freshwater and marine
nematoedes. Table V.19 is a compilation of some of this
data, There appear to be three main groups of species,

in so far as the figures represent 'typical'! generations =

I free-living species with a generation time of
2-6 weeks

II species with a generation time of about a
week or less

I1I plant parasitic species for which the generation
time has been found to be generally of the
order of 20-40 days (see Wallace, 1963),

It is considered that group I, composed largely of
Cephalobidae, Araeolaimida, Monhysterida, Chromadorida
and Enoplida, represent the basic generation time, probably
fairly stable between 15 and 25°¢C (6Om77OF)a The group



TABLE V.20

(Egg dimensions are mean of 20;

in brackets).

M. potohikus
M. littoralis

P. australe

A, syrtisus

Z, punua

A. kotingotingus

Ege dimensions ( u)

Length

142

.0
49,
55.
62.

120,
79.

@w W

w

{13.0)
(2.9)
(4.0)
(4.3)
(8.0
(6.1)

Widrh

72.0
25.9
33.
34.
66.
41.

R e e

(4.

(2

N given for development;

0)

.2)
(1.
(3.
(6.
(4.

3)
2)
7)
6)

Developrental time

at 20°C, in days

3.3 (1.24, N = 27)
2.5 (0.33, N =27)
2.9 (0.52, N = 34)
9.1 (2.25, N =15)
8.5 (1.54, N = 21)
9.7 (0.94, N = 20)

Egg dimensioas, shell form and time for embryonic development of each species.

standard deviations

Form of shell

Distinct, coarse mammillation

Thin, without apparent mammillation
Thin, withoat apparent mammillation
Thin, without apparent mammillation
Distinct but fine mammillation
Distinct, irregular mammillation
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comprises species found mainly in relatively stable habitats.
Group Il contains terrestrial saprophages whose short
generation time enables them to expleoit any leocal increase

in food availability. - The generation time of 20-40 days
for group l1II, plant parasites, may not be maintained
throughout the year if conditions, particularly host

stimuli, are not suitable (Shepherd, 1962; Wallace; 1963),
Geherati@n times recorded for various species of Cephalo-
bidae and Plectus suggest that the mode of reproduction
(amphimixis, parthenogenesis or hermaphroditism) has no

significant effect on generation time.

If the egg dimensions given in table V.20 are ranked

in order of size the three Acrobelinae (A, syrtisus,

Z, punua, A, kotingotingus) form a group, intermediate

between the two Rhabditidae -and M. potohikus. When

developmental time is considered the group is accentuated
and there is no clear correlation of developmental time
with linear egg dimensions in the six species. The egg
size of 80 x 40 ju and developmental time of 6 days at
25°C given by Thomas (1965) for A, complexus are similar

to the figures for A, kotingotingus. Three further

records of mammillation ef the external protein layer
(Hirschmann, 1960) of the rhabditoid egg can be added to

the previous records for A, complexus (Thomas, 1965) and

Rhabditis filiformis (Christenson in Chitwoed and Chit-
wood, 1950).

No evidence of endotokia matricida (Kdmpfe and

Schmidt, 1966; Seurat, 1920) was seen in any species.,

However, when M. potohikus died gravid, after copulation,

two to four eggs commonly cempleted their development and
hatched,
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VI. CONCLUSION

==

The apparent high degree of endemism in the New
Zealand soil nematode fauna has previously been noted
by Clark (1961). Although many further endemic species
have been reported since that time there are also records
of several species, br closely related species, from out-
side New Zealand. Sher (pers. comm.) has specimens
similar te Scutellonema magna from both Australia and
New Zealand; Heyns (pers. comm.) has recorded Nygolaimus

(N.) directus from South Australia, Queensland, Cape

Province and Herringwell, England. Jotenchus basidentus

Ciark, 1960 has been recorded from Thailand (Buangsuwon

and Jensen, 1966) and a species close to Longidorus

taniwha from Natal (Heyns, 1967). Alaimus primitivus
appears to be cosmopolitan. Progressive study of
nematode faunas in the Pacific Basin may clarify the

gituatien,

The taxonomic diversity of the fauna at the sites
sampled is comparable with that recorded by Overgaard
Nielsen (1949), and the differences between the six
faunas are similar to those recorded by Clark (1961)
between samples from the natural -heath-type vegetatiocn
and two types of pasture, all from Wharekohe -Silt Loam
in New Zealand., It appears that 20-30 species compose
the bulk of the nematode fauna in a variety of habitats.
The variation in the population of each species at one
site during a year was such that none varied in the same -
manner as the total fauna, Therefore meaningful ecolog-
ical work necessitates identification to species level.
It is apparent from the variation found in the total fauna,
with monthly sampling, that sampling at less frequent

intervals could give misleading results, Monthly sampling
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appears to be minimal for a general ecological study,

From information collected from the-field and
cultures it is evident that reproeductive patterns and
potential vary from species to species and that different
species are favoured by different conditioens., Thus when
some species decrease others may increase, Such differ-
ences occcur even within feeding groups. Those species
which are knewn, or presumed, to have shert generation
time and high fertility can rapidly exploit favourable
changes in environmental conditions and thus the composition

of faunas may fluctuate greatly in time and space,

Because of the paucity of information on the food and
feeding habits of many nematode species the main ecological
information in this work pertains te the correlations of
nematode distribution with physico-chemical factors in the
environment, Cultural studies to provide data on feeding,
fecundity, fertility, longevity and generation time for
a wider range of genera seem warranted. Such informatien
would facilitate further study of the role of nematodes in
the soil biota and seems to be a prerequisite for any

realistic proegramme of nematode control.
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This study was envisaged as including mainly the
ecology and culture of sand dune nematodes, It was -
necessary to describe 41 new species as a preliminary. to
this work. New species are described in the following
orders - Tylenchida (3), Rhabditida (11), Araeolaimida (4),
Monhysterida (1), Chromadorida (3), Enoplida (3), Dory-
laimida (16). New genera proposed are - Pakira (Plectidae),

Takakia (Monhysterida), Ruamowhitia (Desmedoridae),

Arenasoma (Comesomatidae), Torumanawa, Takamangai and
Crassolabium (Dorylaimeidea), Longibulbophora (Diphthero-

phorcidea).

Torumanawa n. gen. indicates that the Aporcelaimidae
can be derived from the Nygeolaimidae. -Relationships of the

nygolaimoid and mononchid lines with the Bathyyodontidae

are discussed, The status of the Campydoridae and
Aulolaimoididae are discussed, Observations on Dorylaim-

elius tahatikus n. sp. leave little deubt the 'oesophageal

sheath of spiral muscles! said te characterise the
Belendiridae and Nygellidae is a fixation artifact; these
families are synonymised with the Derylaimidae and

Nygolaimidae respectively.

Nematode faunas of six dune sand localities are
compared quantitatively. Vertical distribution of
nematodes 1s largely explained in terms of vertical
distribution of meisture, food sources and generally stable
conditioens. Of 59 'species! recorded enly Haliplectus
cnepui n. sp. and Synenchium pacificum n, sp. occurred at
every locaiity,

The nematode fauna of the main study area, at Himatangil

Beach, Manawatu, was sampled at 10 depths in each of 12



successive months. Data on 32 nematode species,; enchy-
traeids and five abictic factors (temperature, moisture,
salinity, pH, ‘residue') are analysed to show significance
of variation with time and depth, and the variation of

each of the nematode species and enchytraeids is correlated
with variation in envircnmental factors, Exceptions to
the general negative correlation with moisture, temperature
and salinity are discussed; the sign of the correlaticn
with ‘residue! is largely dependent on the feeding group

of the species., Enchytraeids may be highly correlated
with plant and btacterial feeders and themselves represent

a gamut of facters. No species varied in numbers in the
same way as the total fauna varied, indicating that

analysis of the fauna to species level was necessary.

Mononchoides potohikus n. sp., Mesorhabditis littoralis

n., sp., Panagrolaimus australe n. sp., Acrobelioides syrtisus

n, sp., Zeidia punua n. sp. and Acrobeles kotingotingus

n, sp. were each maintained in monoxenic cuiture with

Bacillus cereus var., myccides. Fecundity, fertility,

longevity and generation time of each species was determ-

ined over a range of temperatures. Only P. australe and

A, kotingotingus are amphimictie. Single, isolated eggs

of M, littoralis failed to hatch; isolated juveniles

failed to mature. In M. potohikus cultures males occcur

following higher densities of first stage juveniles,
copulation has been observed. Fecundity, fertility and
the sex of progeny are unaffected by insemination of the
female, Sex determination is dependent on density of
Jjuveniies, In ﬁL_pgggQ§§g§ the number of fertile eggs
preduced by parthencgenetic females appears to be limited
by the number of nuclei in the germ Line at maturation.

In 2, punua and M, potohikus mean fecundity and fertility

decliine with increasing temperature, but increase with
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temperature -in the other four species. Except for

M. potohikus all species showed temperature limitaticn

in the range 7-28°C and, except for A, syrtisus, decrease

in generation time with increase in temperature.

M. potohikus is a facultative predator preying on a wide

range of nematede species. The predation rate of females
has been found to be independent of the prey species, the
presence of old tracks of the prey species, and of the
presence of a bacterial film. It is not affected by
satiation, but is dependent on prey density. The predation
rate of males ‘is significantly greater than that of females.,
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