;o
1
- THE BIOLOGY OF SOM3Z TPRISHWATER OLICOCHALTIS -
\\‘
\
. Being a thosis subnitted for the dugree of Ph.N.
; ; in the Faculty of Science
by
C. T. Kennady, D.Sc.,
,oe
/ | :
! Nepartrent of Zoology,
[ :
l," University of Liverpool e
| Present address: Nepartnent of Zoology,
v Dbagm—  Gene b pood. (or )
o . ‘ J
LN i .
\ W ";, iarch 1964,
‘\ ';‘ \ .
\
§ ?
- o R e G ST ' e iy,




IMAGING SERVICES NORTH
oooooooooooooooooo

BEST COPY AVAILABLE.

VARIABLE PRINT QUALITY



Chanter

1.

2.

3.

CONTRNTS

INTRODUCTION

TAXOVOMY OF LIIIONIAILUS
(a) The panitalia of T4mnodrilus
(b) Genarie charactars o
(¢) Spacific charactars
(d) llistory of the genus

(e) List of spaciles transferrad
to other panara

(£) Description of species

(g) Key to the snacies of
~Limnodrilus

DISTRIBUTION OF LIMIODRILUS

(a) Georraphical distribution
of Limnodrilus

1. Nistribution of Limnodrilus
outside Dritain

2, Distribution of Lirmodrilus
in Britain

A) Distribution of I.,carvix
and L.helvaticus,

) Distribution of other
spaclasn,

2.1 < 2,5
2.1 - 2,4
2.4 ~ 2,8
2.8 - 2.10
2.11- 2,13

2013"‘ 2-14 t
214 2,5,

3.2 -« 311
314- 3.2

3.22

T ST



%Qr h.';“_ w%é R

Chanter

3.

4.

(b) Distribution of Limnodrilus
in ralation to its ecologsy.

1.

2e

3.

4.

Nistribution of Limnodrilus
in ralntion to the nature
of the habitat,

A) Distribution of )
Limnodrilus in rivers.

B) Distribution of :
Limnodrilus in lskes.

Distribution of Limnodrilus
in rolation to salinity

Distribution and abundance
of Limnodrilus in relantion
to pollution

A) Organic pollution

B) Inorcanic pollution

Distribvution of Limnodrilua
within a sinsle locnlity

(¢) Miscussion

GROWIII AIM RIPIOMUGTION OF LIMIODAILUS 4.1

(n) Growth of L.hoffmaisteri

(b) Reproduction of L.hoffmeisteri

1.
2.

The breedins cycle

Asaxual reproduction and
regeneration

Ppra

3622 - 3,42
3,24 - 3,28
3,24 - 3,25
3,95 - 3,20
3,29

3020 - 333

329 - 3.3

3.30 - 3.33
333 = 330
3.33 - 3,42
- 4;31
4,2 ~ 4,6

446 ~ 4021
4,6 - 4,17

417 - 4,21



Se

Chanier

LIP3 HISTORIGS OF THRE BRITISIT
SPRCIES OF LIMNODRILUS

(a) Field investisetions .
1. Deseription of localities
2., Methods ’

3. Interpretation ot field
data

Lif@ historiaS'as‘revaaled
by fiald investigations

(b) Labbratofy investigations
(¢) Population studies

1. Po ulation biolory undar
aboratory conditions

2. Population biolo~y under.
fiald conditions

(d) Dissussion

Parm -

51 -

5.1 -
5.2 -
5.7 -

5.12 -

5.14 -

5.28 -

5437 -

5037 -

5043 =

5455 =

TH3 C3STONMI PARASITAS OF LIMNODRILUS

(a) Introduction
(B) lethods
(¢) The host
1. Host spacificity

2. The host -~ parnsite
relationship

3, Bffact of the parasite on
the host

(a) The parasite

61 -

6 ol =
6.4 -
6 6 -
( 6 -

6.10 -

6,24 - 6.

6. 16 -

5. 59
s, 28
5¢T
5e12

5,14
siés )
537

5.55

5. 42



Chantar
6. 1.
2.
3.
4.

Se
6.

Te

Taxonomy of Archipatas
Distribution of Archipetes

Growth and davelopment of
A.obil An Limnodrilus

Life history of A,robil
from field invastigations

Life history of A,nobii
from laboratory invastisations

Life history of other
spacias of Caryophyllaasidnae

Niscussion

T, DISCUSSION

Acknovledsmmants

Raferencas

Appandices

Lage

6.18 - 6;;3
6.36 = 6437
63T = 6.42
6u43 = 6045
646 - 6,47
6.48 - 6.5
6,51 - 6,54
8.1 - 82
9.1 - 9,21

10,1 - 10,12



1.1 \

CHAPTER 1

INTRONUCTICH

Althoush several fanilias of ollifochaetes oceur In
frash vater it is nenbers of the fanily Tubificidaes that
are frequently encountaraed in genaral bhiologlcenl survaeys.
The widespraead distribution of tha fanily and tha abundance
of tubificids under certain environmental conditions,
espaclally in organiecnlly rolluted vmtars, have long been
reacosnisad, but little is known of the hiolosy and
scolorsicol requiremants of individual sraecles. The
Tubificidaes ars prinarily inhahitrnts of ruddy substrata
in inland wvaters, but Aaspite tha obvious imrortance of
the fanily in lirnolorical studias they have raceived
vory little attantion eompnred to other groups of
frashvater organisms. In most publicntlons of a general
limnolosical nature no nttampt is made to identify
spaclas, and they ara eommonly rafarraed to as Tubificldae
indet. Occaslonally raferencas are mnde - spocinlly to

Tuhifax tuhifax and Limnodrilus hoffmeistari, the two

nost widesprend and abundant spaclas, but since thesa
1dentifications ara rarely checked little ralinnca can be
rlacad on than. '

Tha prineipal ra~son for the naglact of hiolosical
stuiies on the Tuhlificidae hns bean tha Aiffienlties of

idantiflention of spacimans, Tha lnek of uniformity of
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approach of earliar workers, tha definltion of

spacies on norpholosienl charactars nlora, with no
account baing taken of thair variation, and the
geattering of the spacias daseriptlons throuchout

an axtensive litaratura hava all eomhined to ineranse
the diffiecultics of idantifiention for parsons vho warg
not specinlists in the groun, Tha last conmnlate
taxonomie revision of the fanily was nada by Michaelsen
(1900) at a timg whan very few species wers recognisced,
Althoush Stephenson (1930) deseribed a1l the penaera then
recornised, ha made no attampt to dascribe the spacles,
Furthamora, the insistence of tha earlier workers that
identifications could only ba rnada on live sroeelmans or
prafarably evan fron sarinl sactions grently hinderasd
the davelopnent of studias of a biolor~icnl or acolosmienl
natura, Tho preat najority of publishad works on the
fanily have baan of o taxononie natura, wvith oceasional
blolosienl notaes. Apert from tha studlas on rarroduetion
by Gavrilov (1931 et.san.), the first panars on tha 1lifa
history of any species did pot nppanr mntil cenpnratively
reeently; vhen Podduhbnayn (1959) published an acconnt

of the 1ife eycles of three sraclas of Tuhifieidna,

A year later Nrinkhurst (1960) described a
tachnique for the axamination of whola mounts which
enabled larme numhers of spacimens to ba exminad
fairly rapidly. At tha sonae time he wvms pravaring a
taxononic rovision of the fenily, and a key that could
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ba used by ecolorists. The praliminary rasultis of

his studias on tha Tritish Tubifiecidze wera npublished

in 1960, It wns evident from this work that further

detalled studies ware rneedad on soma ganara, in particular

tho cenuaiimnodrilua Clapar?ada, 1662, Drinkhurst (1960)
recordad thras Dritish spacias of Limmodrilus, but was

not cartain of their validity or tha status of sone

spacimnans found-by him. ‘In aydiscussion on T.hoffmaiastary

he stated that "There is a chitinous panis tuba in
kseanent 11, and in this spegiea it is usually 11 - 12
tires longer then tho width, but imature spacimens have

tubas n3 short as L.udakomirma, end I have observed

savaral sracinens with the tube ag long as thnt of

1, elnnoradannugan, He also exprossod sorme douht as to

the cprreét taxononie status'of Tie DITVUAY It was
apparant that 1nfoﬁnqtion on tha vrlue of sracific chnraetae;
within the ganus end on the bioloy of anach speclas wns
faquired Befora the trua relationships of tha various
entitias could ba daterminad. o

. The following points in partieular raquired
clarifieations The relativa valuaa of tha chretas, the
lan~th and shana of the panis fuha 88 taxononmle
chmractoré varae knOwn; na nlao vng thnﬁrnnge §f variation
exhibitad by ench stnxctﬁrn.A It was nleo Importnnt to
detornmine uhethar’tbmsa strmetures varing uith’thg arma
of the srecirien as woll ns vith its condition or habitati

The validity of anmae spacing mnd the stetus of some



entitlies also rsequired invaestigation, = In particular

it was desired to know whather L.narvus was a valid
spacias or vhethsr it was only a younsy staze of another
specias, ond what was the status of the forms with a
long panis tﬁbe dascfibad.by Brinkhurst (1950) undar

T hoffmeistari, PFinally, it w2a nacassary to determine

vhather thera wara any binolosical and ecolorsieal
diffarencas batwaan the snaclas in 2ddition to
morpholosieal ones, It was evident that morrvhologsical
charecteristics alone were not sufficlient to maparate
the entitles: a knowvladms of the biolosy of each was
assentinl to an understanding of tha systematic
relationships within the renus.

The enswers to tha problens posed above could
only corma from a datailed study of the morvholocy and
biolosy of tha spacies of Limnodrilus, and it is this
study that forms the basis of the present worke. Tha
probtlenm has beon arpmachad alonz tho linas indicated
abova, A study of tha taxonémic charactara and their
temporal and seasonnl variations has resulted in seven

vnlid sracles of Tirmmodrilus belins racoprnised and

deseribed. The georrapvhienl Aistribution of thasa
spracias has bean studied, and also their distribution
and abundanca in a variety of tyres of habitat, The
reproductive blolosy and the relative importance of

sexual end csaxusl reproduction was studied in detail
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for J..hoffmaisteri, PFinnlly, detailed investisntions

ware carried out into tha life histories of ench of

the British spaeciaes of Limnndrilus untar different sets
of flald and laboratory conditions. Tha information
gainad from thase studies will provide a basis for
future work of a morae ecolorical natura, but in thae
linited tima availahla for tha prasant sindy 1t vms not
poosible to investicnte the ecolor~y of tho spacias in
any detail.

One furthar aspaect of tre hiolnry of Limnodrilus

van treated in some Jatnll nlthourh it was not directly
relavant to the rroblems ennumarated ahove. This vas

tha relntionship batwaen Iirmedrilus and its Castode

prrasites, and the biolony of tha parasitaes thonselves.

Infacted sracimens of TLimnnArilus wvere fraquantly

ancountared durins the exaninnation of rontire saunples,
and in tho almost total absanca of rny puhlishad
information on tha biolory of tha parasites or the host -
parasite relationshin it wns decided to invastignte thesa
topics in rathar mora detail than is customary in studias
of o rnore panaral blolorical nature, |

Tha sampling methods are diseussad in the
appropriate chaptars, bhut it is convaniant to rafar hera
to the methods of axaminntion of sracimans, The majority ‘
of specimens ware exmminad fs vhole mounts, hnving baan

killed and prapared for ex~min~tion hr tha tachnique
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described by Irinkhurst (19bb, 1963). For Aatailed
norrholosical studies additionnl spacinens weres
dissected and seriel soctions wvars exanined, Spaclimens
kapt in cultures in thos laboratory ware ronarally
exanined alive, after first being narcotised in cormercia)
"soda watar", The mathods of praparation and exsnination

of the parasites are donlt wilth in tha approprinte chapter,



CIHAPTRR 2

TR PADIOMY OF LI MDNRILUS, CLAPAR&DK 1862,

a) THI GINITALIA OF TIZNODRITUS

In necordanca with tha views of Drinkhurst (1063)
the ganltalia are nccapted as mroviding the most
satisfactory g@nericléharactera. Pafora proceedins to

o discussion of the taxonony o:iLimnnarilus, therafore,

n bried dascription of tha genitalia will ba given,

" The arranmanment of the ganitalia in Tirmnod rilng

is shown in seni-diagramatic forn in firmre 1, Yith the
exception of the sporm saca und enz sno all orgnns are
pmired.' The tastas lie in samaent X, attéchad to the
intarsegﬁepinl saptun 9/10., The srermathecas are nlso
situated 1h’ééament X, 'inch srarmathaca is divisible
into a thin-walled sac-lika rortion and a thick walled
duet which opens into a sparmatheenl pors situnted close

to the mid 1ine on the ventral surfaca of the sagmenf.

After copulation sparmatophores are prasent in them (Fig, 2.)

""The sparm funnels lie in sament X, but the vas
‘daferens passes throush the intersecmental saptum 10/11
cloaa‘to,tham,and‘lias in segment XI. The vas defarens
is both slongate and convoluted and passas termninally,
not laterally as in Tubifaex, into a snall alongatae

kidney-shaped atrium,  Thera is a large s011d proatate



Fimre 1

Somi~dlagrarmatic view of the penbtalia of Le boffmeisteri.

lopend
Rorman numerals indicate segnents.

A = atrim

ATS = anterior testis eac
LY = picevlatory duct

0 = ovary

0D = gviduct

08 = ovisae

P = penis ond chitinous penis sheath
PS = prostate

PTY = vposte.rmr tostis sao
8 = gpormatheca

£ = gnormatheenl pore
SIY = sperm funnel

T = testls

YD = yas deferens
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slend opaning contrally by a stalk into the atrium.

The glond may ba olosaly mpplied to tha atriun (“ip. 2).
A long ejaculatory duct loads fron the atrium to the
more-or-lass elongata panis, Tha panis 18 surroundad
by & thick chitinous aheath, with a charncteristie
terminal portion, which is a continuation of the cuticlae,
Tho penis and shoath 1ie within a pocket formad by an
invasination of the body wall (figs. 2 and 3). The
Invasinations open as paired nale porass on tha ventral.
“surfaca of sermant 1l. ° The panis, its sheath and body-
wvall sae, which is closely applied to the shaath excapt
haar the male pores (fig; 3), ara in turn surroundad by
1ﬂyeré of rnusclas arranged in a spiral fashion., Thesa

~ 8ttach to the body w1l musculnture closs to the nmale
roras, Thair contraction éarvéa;tb*évart_tﬁ@ penis nnd
sheath (figs, 2 and 3). The spernm funnals, ves daferans
" and ajaculatory duets are cilintad,  TIn spacies with a
© short penis tuba tha male efferent duects, with the
8xcaption of the sporm funnaels, lle complately in
So/mant XI, but in snacies with a vary lons penis shaqth

a8 Leecarvix nnd I, clavaradacnus, this ptructura nay

eithar push back the intersaameﬁtal septum 11/12
end somatimes also 12/13, or break throuch them {fig. 2),
In this case the nale duets come to ocoupy saveral

Barmontas It nust ba enphnsisad that this is a sacondary
condition,

3
3%



Figure 2
Longitudinal section through genital segnents of L. cervix.

Terend

48 = gtalk p? prostate entering atriun

WII = body wall invagination surrounding penis sheath
IT = intestine

P! = spiral muscles surrounding peniel epperatus

4 = gpermbtophore

Othor abbrevistions o8 Figure l.
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Fimure S

Longitudinal section through gegrent 11 of L hotfmeisteri.

W

Jepond

L = body wall musculature |
PHE = body wall eao closely applied to penis sheath
A = rmacle bend jaming dbody woll musculature to penial musoulature

Other abbroviations es Figures 1 and 2.
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. The ovarias, attached to the intersesmantal
saptum 10/11, 1ie in sasmant XI and are often closely
appliad to the vas dafarens. The oviducts are very
short and pzss throush saptun 11/12 to oran vontrally
énd'nntariorly’on semont XII, ‘ *
o At naturlty the antarior sparm sac 1s formad from tha
intersasantal saptum 9/10 and doas not often extend furthar
formrds than sarmont IX {figs. 1 and 2), Tha posterior
spern saca nre formad from the septun 1011 nnd anter
fhﬁ a5 sacs on soptun 11/12, The,posteriqr are and sramm
| sacs projact baek tlmough saversl sasnants, usunlly
3 but 6ccasibnaily A3 nany as g. ‘At maturity a
cl4tallun in fomed on sermants X-XIV, The ovarias
may diﬂa?POar'at%maturity; naturntion of the osms teking
blﬂﬂa“in the eprs sae, Mo copulatory bursa is formad,
- A1) spacimans so far axomined have had the mnle
Yorss on sasme nt XI, but thera remains the thooreticnl

Possibility that if regeneration has occurred in some of

the antarior sapmonts, as is known to ocecur in Auledrilus

and Tothrisneurum (Hrabs, 1934, 1937), the male pores

could apparéntly corna to lis on a nors anterlor sagment,
Although typleally only ons prir of tastas and a single
bair of male ducts are prasent, Claparads (18&2) records
Sracinens with three tastas, whila the author has
Oceasionally observed spseimans with threa atrin and

Corresponding manital ducts. Thasa duplicntions ars
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rrobably ecnusad by dsvelormental nbnormalities and
have no taxonomil sisnifiennecae.

As tha penarn of Tuhificidae are now characterisad
on the nature of their male Aucts no attampt is nade to
daseriba tha vascular system, A full dascription of
this and of the nervous and exoratory systems may ba
found in Vejdovsky (1884), Normura (1913) and Marcus (1942).
A dascriptién and kay to all tha ganara of Tubificidae
may be found in Brinkhurst (1963).

b) GITIRIO GUARAGTIRS.

Tha orir*nql deaoription of TAmmadrilus by
Claparqda (1862) is inCOﬂnleta, and lacks nany inportant
detalls of the gonitalim,  In view of the inaccassibility
of thigs dascﬁiption to meny nodsrn authors ahd its obvious

inportance in this study, tha gonaric dingmosis ng it

arpeared in Clopardda's paper (opn.cit.) is hare glven

in its original form in fulli- "Dingmose, 01ligochestes
Prasantant tous les caracteres des Tubifex, rmoins les solas
¢apllleires, et yossedant en outre des vaissenux circulant
antra les deux couches nuseculaires de 1s paroi du corps”.
Tha charnctars that originally servad to distinmuish
Linnodriius were thus the ehsenca of hair chnetae and the
Prasance of a vdscular cortnlax in tha hody wnall, In the
8onerio dlasnosis thara is no mantion of tha rrasance

of an alonsate penis shaa#h ag hag haean suv~asted by

Bona later authors, irolu%ipe Drinkhurst (16(3). C]ﬂpxreda,

in eommon wilth most of his contempovnrias f?ilaa to



appreéiate»the trua nature and rolationships of the
cenital ductq,‘ard conzidsrad the panis cheath to ba.
of valuekas .8 spacific character only. A third speciea
»ot Limnodri;us wvas deseribed by Ratzel (1868) and .
oharaeteribad on the shope of the ponis. aheath'fbut no
olteration was nadae to ‘the baneric dinpnosls. L

- The gepus vas re-dafined by 3isen in 1883.,@na‘A
reacognised thqt the atrium wms lonrer and nerrover than
in either Tuhifex or Ilyodrilus and that a prominant
fenture-of tha copulatory ergens vas thelr elongmition
and harrownaess, . Ila. sti1l hold, hovavaer,. that the .
Pr1501ple generic characteristic was tha abaenoa of
hair chnatoes  In the following yeer the ranital oreans
verg correctly deucribed for the first time by Ve jdovaky
(1884)-. lle considared. the nnle duﬂts to be important
spacifie characteristics, Lut.continued to define the
€8nus on the nature of the ch@etae. L
: A full apprecintion of the importance of the nature
0f the genital ducts in the diagnosis of the tubifieid
&enara was due to Michaelsen (1900),v ﬁa sébérafedvsomal
0f the genern bn the nature of the mele efferent ducts,
in particular on tha natura of tha atrium nnd prostate
Glnnd. e considered both of thaese structuras to he

innortant aanaric chqrncteristics. In his dingnosis of

,1mnodri;ua he refarred to the lensth of the sperm.

duets; their opaning into the proximnl part of the atriumg

the nraesance of a sinsle larpe rrostata sland and the
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rrasence of a chitirous pahia shaath, "he renus,'
howevar, vas still saparated fron others by tha absence
Of.hain chaetne, and the form of the mala ducts in
Liﬁnndrilus was considerad to be of sacondary inportanca,
Pointer (1911) daucribed a new species of
tubirieid which did not possess hair chaatea and vhich

diffaraed from Limnodrilus in the absance of a ehitinoua

penis shaath, bne eracted a new ranus, Inochneta, to
contain thia spaciau, and thareby imnlied that the

p0% asalon of a ponils sheath was a chqrﬂotoriﬂtic of
ijnodrilum.‘ Piguet and Tratscher (1913)'F9P°at9d
Michnelsen's (1900) dafinition of tha'genua; bhut
Buscasted that species uithout a chitinonﬂ pani@ Sheﬂth

should be transferrad to Inochrota. Thiq viaw was not
Fanerally accoptad, and ichaalsen (192;) ra-defined
the genus ond eharacterised it on tha absonca of hair
choetas., g inoluded in Linnodrilus seversl Species

. that 414 not rossess a ehitinous penis sheath and that

had hitherto been nssipnad 4o Isochmetn or Lyendrilus.

" Michaeleen's views continuad to influance other authors,
1n01uding‘Ude (1929) and Stephenson (1930). This latter
Buthor in his monograrh on thae oligoehéetes dafined

Limnodrilus by the followins charactersi~ Torsal and

ventral bundles with double-pronsed erotchats only;

vasn daferens lbng; ’attium with.huiky s0lid prostatef'
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true renis usually with chitinous renis sheath. Tla
Sﬁacificallj stnted thot tha chaatae furnirhed the
ﬁest ganeric chquoteristic and that the panis tudbe
Acould not be us ad a3 a dia~nogtic character in the .
.Ganeric definition. -

In the following year Hraha (1931) re-dascribed
TUhifet,hlanohardi. This awecies did not possess hair

Chaetae, but, r81"ing on the fom of the mnle penitql
ducts Plone, he plaeed 1t in the corract ganus. ‘His
studias on Ilypdrilus publirhed in the sana year

(“rabﬂg 1931&), also showad the imnort“nca of the male
duotg and the unrgliability of the chaet=e as generic
charactaristics. Tha imwlications of this work, however,
in relation to Lirmnodrilus were ﬂenarally slow to be
apprecinted, Although Chen (1940) dingnosed the ganus
on ths fom of thae male Aucts, and in particular on

the Preﬂence of a chitinouq penis tube. Marcus (1949)

and Cekancvskaya (1962) vare atill diugnosing_tha genus
on tha-absénce of hair chaetae; éithough both guthorg dia
includa a deécription of the genitalim. It remained

Tor Brinkhurst (1962) to apply the results of Hrabd's
(1931) work to Iimnodrilus, = He ramovod tuo sraclas

from this panus and trangferred them to Tubifax on the

basis of the natura of thair nale ﬁanitnl,ﬁvots; dﬁﬂpit@

tha fact that both speciee do not pnssass hair chpetqe.
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A yanr later Brinkhurst (1963) ra~dafined all the
fanara of Tutificldas on the nature of thair male
genital duets and showad that althoush chnotne ware
often valuabla spacific characters, thay could not be
used to distinsuish penera. -

- In accordance with the@a views of Brinkhuret
(1952. 1953), vith'which the author is in complate

agraenant, the ponus Limnodrilus nay ba ‘re-dafined es
followns —

Tubificidae having the charscters of the fomily,
The pairad nnle duets are distinet, each obmprising o
lonz convoluted vas daferans oponing terminally into
an elongate, narrow, kidnay-shaped atrium, The atriun
Tacaives a larpe soldid prostate ‘fland, opaning eentrally
%0 1%t by & stalk. A lon~ ajnculatory duect lends from
the atrium to the nora-or-l6ss elongated penis, The
ronis is enclosed in a thick, well developed chitinous

Ehaath; the lansth ard shepa of which varies specifiemlly,
¢) SPECIFIC CIIARACTRRS

‘Thora has existed in tha past conaideradbla
confusion over the spacific 11m1t3‘vithin the pﬁhus;
This has arisen aa the rasult of fevaral foctors, The
original deseriptions of many spacies hava bean
1nad@qu&ﬁe; while in some casez tha relationships of the
Cenital organs hava been imparfactly undarstood. Tha

Comropolitan naturas of soma sraclas has 1aed to thair



being daserited ns diffarant srecles in diffarent
rarts of their ronss. Parhaps most’impoftnnt of =ll,
howevar, has been the failure of tha:psreat najority of
workers to giva any mccount of the variation of the
characters that thay have used to delimit their spacles.
Species wers frequently dascribed on tha basis of the
8tudy of one or m few spacimans, and than rigidly
definad in terms of & fow characteristics,

The charanetars that hava bean usad by the eariiar
workers, including Claparede (1862); Ratzel (1868),
Ve Jdovsky (1884) and Michaelsan (1900), to saparate
the species within the pmenus wvere tha 1ength£bfeadth
ratio of the chitinous panis sheath nnd the shape of
the chaetna.,  The use of the 1engthzbreadth ratio
without any nccount beinz siven of its naturnl
variation led to saveral spacies beingy daseribad which
differad fron each other'only with roaspact to éliaht
diffarences in this ratio, The princirle objactions
to the use of this ratio were stated by Prinkhurst (1960).
He conaidared the lansth of tha penls tube to be
unsatisfactory beeause it daveloped slcwly, becnausa 1t
VBs a growving organ end because the lansth of the tube
in mature spacimans of different spacies ovarlahpad
Conasiderably, XHvidencs will be mresanted later to show~,

that the penis tubs in fact davelops rapidly, nnd that
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the lensthibreadth ratio of the penis tube at maturity
éanfévide'nvuscfﬁlréécondqry spacifio character, A
study of the vnriation 1in this ratio, howevar,‘heq"
TBVanled that an overlﬂp m"y erist betxnerxseme ﬂvecias,
and that this rqtie alone cennot uervs to chnraoterise ,
the 9P901es.” The forn of _the penis sheath ,and in q
particulnr the °hape of the tarminal portion, has
Proved to be a suitable alternative character. _
The use of the shape of the chaetae ns a spacific
chqructer has also 1ed to confusion, asg the natural
variation in shape has penarnlly been iﬂnored. | It ia
considarad here thnt the chaetae in reneral athibit
a Freater daﬂree of variability witbin aach specias
than is eonsietent wvith thair use ns specific chnracters.
ihere eres ona or two axceptions to this, but in nost
snaciaa the chretas have baen found to be rore useful )
as ﬂdditionﬂl obaracterq. This contrﬂqta uith the view
of Drinkhurat (1960) vho considared that the shape of
the chaetna could provide & useful spacific charncter,
All specles of Limnndriius so far daseribed have only
bifid erotchets in both dorsal and ventrql bundles,
Hair ohﬁetne, pectinnta chpatae and specinlised canital
chﬂeta@ are 9boant, and such interspscific Aifferences
as do exist are diffarances in the relative proportions

ﬂnd sizea of the two teath.
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a) HISTORY OF THI GINUS

The genus LimnnArilua was oripinnlly erectad

-

by Clﬂp%rede (1869) to contnin two 5paciﬂs that differed
from the known srecies of Tubifex in tha absance of

hair chaetae, . Clapardda, howavar, failed ‘to undaratand |
the true'hn%ura of the genital duets and their rolntionahips,
and hia dascription lacked nany important dataila. A

third speciea ‘of Tirmedrilus was dascribad by ‘Ratzel {1868),°
but the gonus was not ro*daucribad ‘or the diagnosis

ananded ms n resulte Bisen (1883) redcgnisad tha true
nature of the male duCta, but not the female:onss,: “and
establishad a new genus agntodrilus, vhich diffored

fron liﬁﬂﬂﬂzilgg‘in that the ‘male ranitalia ware |
surrounded by spirel ‘musclans  Tha major advnnea in the

understanding of the: ﬁanuq eoma fron Vo idovsky (1884),

N

vho described the genitnl ducts end thoir ralntionships
corractly for the first tims., On fin%lng_spirdl o
muselos surﬁonndin@’thé'pahia shanth of thnffmaistari
he concluded that Carntodrilus Zisen had nn validity

and vas in fact a Byhonym'of‘fimnodrilus.

Vajdovsky's conclu iona vera accapted by
Teddard {1895) in his monosraph on the tubificids,
but in addition'he'caﬁniderad'clitallio Savieny, 1820,
to be synonyrous with ] ArmnoArilus, This gonclusion was
larpgely based on the ahsancs of hair chnatas in ‘both
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genera.  In the taxonomic revision of tha Tubificidne
by Michaalgen (1900), Clitellio was re~astahlished as
o valia ccnuu, and was saparnted from Iinnodrilus on
“the nature of tho nile dueta, - In 1904, Nitlavsen
Synonomised Limnodrilus with»Tuhiféx;~but this view

wag not uccepted.

'In 1901, Michealsan daserited a spocies of
1Limnodr11uq with bifid crotchets but without a penis shenth ,
In 1905 he transferred this spacias to Lyeodrilus,

Grube, 1873. Tubifex (Iimnodrilus) nevmansis, a  ‘

species desoribed by hinm earlier (Michaslsen, 1903), wns
considerad to be a '1inlkc! batwsén Tirmnndrilus and Tveondrilus,
88 1t poscossed a minute penis shenth, FPointer (1911)
‘described another spacles without a penislsheath and

vithout hair chaatée; and he creatad m now gerus,
Isochnata. to contain it. The romov"1 of sﬁaciea‘from
-lﬂﬂﬂﬁzilgg on the grounds of the abqance of a chitinous
renis shenth rmet with 1ittle nceeptance, and in 19?6
Michaalsen ro-defined Linnodrilus and removad the
eriterion of the panis shaath, Ha accordinrly conﬂidered

that'Lycodrg;us and Isocheetn nust be rasarded as

Synonyms of‘Limnndrilus. The penus thus returnad to
}ita.Oriﬂinﬂl state - baing dsfined on the naturs of the
°ha9ta°§ and tha genitnl ducts being of sacondary

imnvortance. Staphenson (1930) followed Michaelsan's
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views, ‘and includaed in Limnodrilus all the species

Praviously assirmad to Lycodrilus end Isnchrata, He

orranced oll the species in the penus into a series

~shovinsy the prosrossive raduction of the penis shaath,

-The work of Hrabd (1931, 1931m) on Muhifax hirnchardl

and on the ponus Ilvodrilnus showed the inportance of

the rale duets as genaric eharnetors. - Tha imrortance

of this work, howavar, was not realisad’ until conparatively
recantly,  Svatlov (in Cakanovskays, 1962) re-arected
&MQQQEQQEQ and ralsed 1t to fanily rank, Cekanovskaya
harself st111 retained within the cenus Limnodrilus

Some srecies thnt 4id not possess a chitinous penis tuba.

Brinkhurst (1962) was able to transfer sore-of the spacles
0f Limnodrilus to Tubifex, on the nature of thair genital
ducts, " Pinally, Brinkhurst (1963)'re—definad all the
tubificid genern on the natura of the male efferent

duets, ond ro-establishad Isochnate ns a genus, Thus,

the ganug Limnodrilus vas at last elaarly dafinad on
the nature of its panital dusts mnd could now ba saparated

from the menera that had at veriovs timas bean synonomised
with 1¢,

®) LI3? 0 SPRCIRS TRANSRIRTIN TO_OTIIR_GUTIRA

In ‘occordance with ths ra-definition of tha genara
of tublifieids by Prirkhurst (1963), as outlined in tha
above section, and the dingnosis of Li rmnodrilus as it
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Aappanrs on pace 2,8, savernl spacias hitherto assignad
to Liﬁnodri1us have heen tranuferrad to other runera.

Thasaiara_tabulatad balow.

Sracles | | Hgﬂ_géﬂgg
L.hetaiuchaétﬁs (Michaelsénj - Peloscolax¢
L.ghécéensie’(Stephensoﬁ) | " Tubifﬁxyﬂ .
Lenowvaansis Michaelaén' o Tubiféx’”
L.pseudougster Dahl "~ Tublfex |
L.ololdd Mapews  Tublfox
LeXleerekopari Mareus ~ Tubifex
L.balknlensis Michaolsan Isochaata
L.arenarius llichaslsen | Isocheata

- Lenichaalsani Lastockin o | Isochneté‘
L.lastockini Jaroschenko - ?sammdrécteé

: L-djbouacii Grube - Lycodrilus
Laschizochaetus Michnelsen - Lycodrilus
L.grubei Michaelsen o Lycodrilus
L,parvus Michaelsen h Lycodrilus
L.phreodriloidaes Michaelsan “=L¥°°dri1us

Tha remaiuning specles that'have beén assicned to T.irmnodrilus
will ba‘dealt with in a 1ater section.

£) THSORIPTION ANT NISCUSSION OF SPRCIN3

The taxonomy of the gepus Limnodrilds has recently

baen discus“ed by Brinkhurst (1963) in the course of his
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fevisibn of the Tubifiei&&a.” In a uork of this

'ﬂOOPO, houever, nuch datail had to be omitted and .
nany dotails in hi" revision nre in need of emplificntion.
'?urtharnora, os hins review qu uritten vhile tho

studies outlinzd below were in proy rass, puhlication_
delﬂJs mada 1t poseihla to includa tha re“ulta of the
Preﬂont work in condensed forn. xhasa reoults, and

the evidenca fron which they wera derived, appear in |
nora detailed forn in the following account.' }

q Be¢ore procaedlnU to a con“iderﬂtion of tha specles
°urr3ﬂt1J racowni sed ag belonging to Liﬂnodriluﬂ. it

is convenient first to nention vriefly those spacles

cribad by Bisen and Friend respeotivaly, 4 Lisen
(18799 1833) described nine species that are Cleﬁrlj

referuhla tc Linmnodrilus from the structura of their

nnle Gﬁnital ducts, fisen foiled to ranlise the trus
rBlationshirs of tha barta of tha eanitalia, and the
11lustrationg and descriptionn are consequently difficult
of interpratation. Seversl authors, including
Hicheelsen (1900), Cernosvitov (1939) and Chen (1940)
have attempted to relate these epecies to othar well-
6stablished snscisa in the ganna, but no agreemant has
baan raachad by them, - Only L,nlgastris has suhsequently
been recorded. ‘Hichaelsen (1914) claimed to have

found 1t in West Afriea, Prom his daseription it

vould appear that he found I.udekamianms,  Corncsvitov

(1936) Also clainad to huve found L.alpastris, hut




only one of his specimens wns nature. He expressed
doubt as to its identity, and with raluctance’
aﬂsi~ned his specinans to this specles. Poth records
must ba ragarded as dubious. Further spaculntion as
to their identitJ in 0t prasant yointlass.. Brinkhurst
recantly visited tha type 1oenlities and 1t i3 to be
hoped that his eollections will help to clsar up thelr
1dontity. |

There remain the_species dﬂscr*bed by “riend to
be considereds A dotniled study of thoss wos node by
CGrNOOVi%DV (1941), end his views ore; f£01lovad hera.

A _swmery of then is given below.
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~ Prignd's srecles Tnte OStatus J%‘t Probable Tdantity
L.wardfworthianus 1898 Synonym | .tLéudekemianua
L.nurantiacus | V_1§i1 .Synonymf,‘ ’,L’hcddm@iatsri
L.cﬁleritua ;J ~1912‘ uynorymv; a_ ‘L.hoffneisteri
L.infaqualls | ‘ k1912 Incertoa genaris -
L.mmmw e 1012 Specias dubium Imme.tu
S i | ‘ ) Iimnoﬁrilus 8D
Pipﬁpiilaaus «% i ﬂ19i2 'Incartaa genoris "

?;ﬁrimtasus SEEES 1912

Lehoffneisteri v, ﬁanallulpa wos

Incartaa_gancris;

either B synanym of T.udaksminnus

Le hoffmaiﬂtari that had not yat

rerardad by him as Yeing
g or 2 agecim&n of

ﬂttﬂinad full maturity.

A study of the typa aneciman indicntaes that_the latter

i8 nora likely.
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- It is now convenient to consider the species

eurrantly raoeormised as belonging to Limnodrilus,

In each casa n 1ist of synonomies will be civan first,
10110w@d by a daseription of tha species and an account
of the variation of the spacific characteristies, A
discussion of the synenomies wi11 be dsferred to o
lator saction vhen an aceount of the variations will
b@ rarticulerly relevant,:

| L Limnodriiun hoffrnistari Clnnﬂradm. 1062,

L, baffmeistari clnparade, 1862, .100, f. 75-u5.
,L.c]anradeﬁnuﬂz Vajdovq%y, 1884, Te 16( _ |
Mw Rybka, 10.,9, N 38’5..3?8. rl._'j, Lo 1-—7.
Lirotol  Matai) 1899 (1n part) p,5, 2,30 o
Jgiumgg_ Peshon, 1903, pi216-217, 7l.25, £.16-22,
M@r,@_flm Denhon, 1903, p.213-216, pl.25, £210-17;

L, mﬂwa,lmm Hoore, 1905, p.39?-394. rl. 33. f-19-22-
‘ ~(in part).

éjauroﬂtriatus uoutharn, 1909; P-135-137v Lo 3',‘

Leparvus Southern, 1909, p,137-138, Tede o

LsBurantincug Friend, 1911. Dedds |

I,gﬁlerituq Friend, 1912, p.104, folh*

I«igﬁDQi&liﬂ : utaphenson, 1912, De 294, f.9-16.
gﬁgto HNonura, 1913, Pe 3-34, f.1~“7.s:

gnﬁeificua Chen, 1940, p,118, £.33.

L&ho*fmaiaggpi f._Adiversans Marcus, 1942, r.1(°~174,A
) I‘1 24,
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Daserintions ‘ ‘

, 0 - 35 mre 55 - 05 or nors wagnant . . Anterior
dorsel bundles with 3 - 10 crotchets, with a maan of .
Se 4 for immnture and;g;p for nature speclmens, Simple
bifid erotchats only prosent, with the uprer tooth
typleally a 1ittle longer end thinner than tha lower,
but Sometines considarabl; shorter, 1In maﬁhre
Bpacimens penis tube averasing 9.5 tima“ as long as
5r°adi but with a range'of from 1 - 14 timam. The
ranls tube may be gtraiéhﬁicr curved, and the wall 1s of
evan thicknééé elong 1ts lengthe  The distnl and 1s
axranded to fom a bood uith a laterally ﬁitv'+ed
outlet angd of apparantly variﬂhle form hut raferable

to 2 single pattern, (fize, 6 and 11).
Discuasions

Thus statad, with the vurintion in the ﬁpeoific
cﬁﬂr&cteriatics taken into account tha dafinitien of
this Spaelas is una biguous. ’ In aeeerdapae with custon
the 1@nﬁth and numbar of sagmants are *neluded in the
dafinition,‘hut not too nmuech attention should be paid |
to “them, As both eharncters vary with thé hpe and |
eordition of the speciman thay are of littla vwlue in
tha seruration of eveclasn, Bacau«e it is cus tomqry,
tha numbaxr of chastae par bundla is nlso quoted here,

It ig frequentlj qaotad ag part of the spacific diagﬁosis



but it Ac evidant fron teble la that it is of little
importanca, The moon puiber of chesteoe pcr'bundle'
in the enterler dorsal bundles, which will subsequantly
be referrod to as tha chaatal mumbar, varies with the
s%nte of maturity of the spacinan, 8lthouch it is
rover less than thrae or more than tan, Tho addition
of chagtos with ase is discussad mora fully in chaptar 4.
Thare is a narrovar range of variation of the cheatal
nuvber in nature apecimzn,, Lut o Cﬁmpﬁ i"on-u*th othar
spocles, (table 6), shous that the chastal ruwabsar.
for maturs spacimens ~nd the standard doviations ere
vary sinilar, | ‘
| Tha shape of tha chnretne is also VnryIVarinblag
(21g. 4c,4a). Althourﬁjﬁda*inﬂta chaataa do not ocour,
Oneﬁﬁionﬁl spacimens uith three teath are encountarad
(zig, 4c6) The uwrar/%noth ig nore cnﬂnonlyﬁlonéar and
thinnar than tha 1owdr ona, but may be considarably
shorter (fig. 4&4) pn& nll astasas of reduction nrs known

(21, 44). anwﬂernore, 1f the chnetno of I o h hnfimainteri

(£ic. 4e ang d) are conparad with those of 1, clnnnradannus
(£ir.41) yf{.carvix (fi@. 4e) or L.hnlvetieus (fip. 4f)
it will ig seon that they nay bae indistingulshable.

MThis ;ﬁ particul Ty true o- inmutnrn rocimnra of
ijﬁﬂdP33Hﬂ. With the eycan+icn of L..udakeminnua




TAPIE I

The variation in tha sraeifie chornetaristies

of L,hoffmaistari

la) 7Tha variation in tha navarams mumber of chnatre ner

bundle in tha dorsal hundlas of samantsg 2 - 7;~v

Avarnrs numhar of chaatns ver bundle 21 .‘3. L

32 4 5 861 8 2

Immaturé 10 250 530 375110 30 10 O 5.37 = 1305
Spacimans

Moture' - . S T
Specimens 0 6 75160 22120 28 6. 6.9 1.13 597

" 1b) Tha variation in the 1angxﬁ:hraadth ratio of the
pgnis mhaath.

J Length~hrethh ratin nf the vranis tuhe

21456 18210;«,1.33.1.11&
o SRR ' -

vﬂnacimans 1 3 3 6 9 19 52 128 134 124 55 33 14 5

Bresdine - o . . i \
| Bpﬁ°im§§9 0 000 2 927 76 89 B2 36 17 9 O

‘All spacimena M = 9.5 S =17 T= 586,—
Breeding " M= 9,7 3 = 1.16 T = 347
Larand.

M = naan 3 = gtandard deviation T = total nunber of
‘ohsarvations



Fipxe &

| The variation in the chaetal shapoa of tho fritieh species of
| Limodritus,

'As  The chnotae of L. vdekemianus

:?B' e chaetag of L. claparedesnts

'Ce  Tho chactae of Ls hotfmeisteri

M

Ds Tho chastas of L. hoffnolsterd showing ptages in reduction of
1 the uppor tooth

'Es  The choetao of 1, cervix

R

The chastae of Iy helveticus
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these cannot be identified to specles on chmatal
characteristics, To date no suitable nltarnative
charactars for the ldgntification of immnturae specinans
have been disecovered.  From the foragoing nccount it
is evidant that the chastal numbar and shnnﬁ nre Very ,
ariable, and tho chastae must consaquantly be rapﬁrded
2s baing unsuitahla diapno“tic charactaristics, (eofe
Brinkhurst, 1960)

‘The length:breadth ratio of the penis tube has
lon: bean usad ms a spacific charncter. The langth
of the penis sheath ia taken from bnsa to tip, but the
width is only taken ot the base. The varintion in this
ratio hésed‘on the anolysis of %00 apecimshs is shown
in table 1b, It will ba noticad that the range is
Tairly wide and the standard devintion fairly hich (as
opposad to J,udakeminnus, table 2b)., Further, the

Tance and standard deviation are raduced whan only
braading specimens i.a, those with spamatophoraes, are

considarad, When the variation in thim ratio for

IshofPmaiatary is comparad wiph the variation in other
spacies (tables 1.5, tabla g); two important facts

emerca, The mean length: braadth ratios are sisnificantly
different and serva to charnctarise each spacies, but

wvhan the full rance of variation i3 eonsidered there

exlsts a considerable ovarlap batwsen the different

speclas, This overlap is raduced if only bdresading

epacimens are considared,
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An objeaction to tha use of the penis tube
28 a spacifie charzeter by Brinkhurst (1966)'was that
the tube_dGVBIOPéd slowly, irmature worns all having
short tubes regnrdless of the spacies, and this would
lead to confusion, IFrom the relative paueity of
obasarvationa of ratios helbw 6:1 conparad to those ahove
this ?1gure (table 1b) this would not appasr to be 80.
The stages of growth of & penis tube ars shown in
fiﬂ;;SQ drawm to seale, - It will be noticed t@aﬁ the
‘basal width only increaaes‘sliahtly~dur1ng growth,
and:that,tha,¢hﬁhae in ratio is dua to the increase in
length,  This nepates the rossibility that a hich
lengthsbreadth ratio may ba obtalned from en irmature
spaciman 1f both lenpﬁh and breadth wara initinlly eriall.
The observations on vhich tabtla 1b ware based took
rlace over a period of & ysar, vhan all specimans ware
naasured, so if tha oéeurrence~gf snall tubes was
seasonal they could not hava been overlookad. It nust
ba concludad thareforas fhat the penis tube devalops
rapldly, and Prinkhurstts objection, whilst valid, is
of 1ittle inportance in practica, Tt is also relevant
to note at this stage that in spacirens vhich survive
theif'firﬂt bragsding paried and o on to hreed arain
in subsequent years tha panis tuba 1s davalopﬂd Anaw,

and the length:breadth ratio falls within the normal
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‘Stages in the growth end development of the penis tube of

L. hotﬁmiste:éi. {Drown to seale.)
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ransme of the spoeies. The panis tuba does not

rersist throushout the non-reproductive season and then
increase in length during the subsaquont breeding senson
88 vas consideraed possible et one tine (Nrinkhurst,
‘pPors.cor.) It is apparent thorefors that whilst the
length:breadth ratio of the panis tube may prove a useful
additional aid in the identification of species, the
overlep that exists betwesn specias ronders it

unsuitable as o diagnostic specific character,

The most suitable dingmostic character has proved
to be the shapa of the heand of the penis tﬁbe; dasplte
the;tact that earlier suthors, in particular Cornosvitov
(1939), Chen (1940) and Prinkhurst (1960) considared this
siructure to be vary variabla, A study of this
varintion has bean mada sand savernl of tho 'variations!
are shown in fig, 6. Tha suthor is of the opinion that
these variations arg only apparent and ere artifacts
Trasulting prineipally from the followinsi- tha conditlon
of the mpeciman; 1ts position eand the angla from which
1t is viewed; the depree to which 4t hag bean stained
oxr claarad and tha dagreé of prassure axarted upon it
when mountings 1t, It npponrs that all the axanplaes
flgured may be darived by a combination of these factors
from the typical exanple shbwn in fig, éa. Many of

tha earlier workars describad thasa forms ng seapnrate




Ficure 6

[0 % St e

Varizations in the head of the penis tube of L. noffreistori.

8 and b 44400 palr from the game epscimen
& and h 4440¢ pair from the same specimen
k and 1 y4i0e pair from the same sposinmen
0 end D sssey pair from the same epecinen

e and £ ,,,., Sane specimen uwndor different degrees of pressure..
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sracles, but thae vbsurdlty of this iq obvious n%en it
i considered that figs. e and b, 6 and 1, ‘o and p
are Dzirs from the sama sracimans, As the chitin ot
the distal end of thae tube is thinner than at tha
proxinnl end it is nore liable %o distortion undaor
prassura, Pig, 6a shows n head under slight premsure;
fip, Gf shows the sane hoad after haaviar prassure has
baaen anplied to 1i%. A conprrison of the typieal shera,
tig. 6&, with tha shaps of the head of other species
is made in fig. 1l. It will be coen that 1t 4is quite
distinet from that of othar species and does sarve to

chareterisa Lohoffmeisteri, If the panis tube is

exposed on dissaction or paturally avarted (figs. 1

and 3), the hemd is ususlly of the type fisured in 160,
Individunl veriation nust obviously ba taken Anto noeount
but the nuthor is of the opinion that thia is not as
{mrortent ns pravious workers considorsd,  Slnce the
hend of the penis tube is the first ragion to be formed,
(£ire ), thls character may be ugad for identlfication
for a longer pariod than the 1anathzb?aadth ratio, The
use of any portion of tha renitalia as & diapgnostic
character has the serious disadvantage that 4Lrmature
spacirnons cannot be id@rxtii’ied. In tha apparent

absanca of cny alternative charnctars.thls is at

prasant unavoidable,
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Having conasidarad tha variation in tha specific
charadtariatics 1t 13 pow possidle to discuss the )
Bynonyma nf ,.hnffmainter the spacles wos dafined

by Clapardda (1862)’33 havin: the etaractars of the

cerus and with a' copulatory orann atout six timas s
long ma broad, . Althoush ho auotan a ratlo of 5 - 611,
his,figuré shows one of 43 by 4 ‘units or 10 : 1, nmich

13 closar to tha nvernse ns recorded above,

Vojdovsky (1634) reveated. Claparddet's deserirtion of
Lohoffmalstert hut‘included n daseription of I,eclansradenns
in vhich he gave the ratio ns 8 = 10 3 1 and a fisure
that showed n head of L,hnffnaisteri shapa, not of
Llﬁlﬂnarad@anua. ~ Phere can be 1little doubt that he
confused the two svaclas and that his T hoffmaistarl and .
L. clnvaradeanus ware both in fact I, hoffrnisteri, Savaral
workers who follovad Vejdo?sky; ng Michaélson'(lsoo)

and Galloway‘(1911) nlso dascribed specinans of
L@ﬁlhparadaanus that vara ﬁndaubtadly rnora corractly
attributahle to I.hoffraisterd.

TimnodArilus An-asl was eonaildared to ha a valld
cﬂecias by Michaglsan (1900), tnt was considered a

synonim of T.hoffmaiateri by Chen (1940). It wno later

refarred to oo fomna Adu-esi by Gavrilov ond Tag (1050),
but a study of their sreeimmns by the author rhowed that

tho so-onlled differcncas eoma wit''in the ranm of
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Variation of L hoffmeisteri as fipurad here.
Iimnodriluq rotol Hatal wos showm by Homura (1013) to

. consist of two spacles, ona of which he rennrisd Tomind

M

but conaidered to be closely ralated to L.qaoin]is

btﬁPhenson. This 1attar speoiaq vag, considarad to be

-8 synonyn of Lohosfneistard by mcmemen (1Q35). After

o study of tha no.typa‘thia aynonomny. is- confirmed hera.

The discussion o?f ﬂichﬂalsan in oonqidqrinm T,.ancinlis

- a synonyn of L.ho*fmaintnri 1n A160 vnlid for, formn

ﬁggiiﬁ&g_ns daqcrihed by Gﬂvrilov anA Pﬂz'(lﬂSO).

Timnadriluq 1u¢nn1 Pnd L veiﬂovqthrnm Ara.

considarad to ba synonyms of L,hoffnalstari. byaBrinkhurst

(1953). but no TeAsons 2re rivene Thay ware considared
by Banham (1903) £o be distinet Ppecies on tha 1lencths
of tha panis shaatha and the form of thair ende. Toth
of thesa charnoters for both speciea £11 within the

ranna of variation for L.hanmaiatari 29 piven hare

and Brinkhurat's synonony is therafora accawtad.
,Limnodrg;p@ suhaa;guq s conqidarad to ba qynonomous
with Lyhoffmaisteri by Cernosvitov (1939)o 1t was

con%iﬁered to ba related %0 T.rncifious by Chan (1040},

but to differ fron ‘this anecias 1n tha nba arga of
Shernatorhores.,, As spermatayhoreﬁ_nra cnly}prasant
afﬁer,copulation thia dist1nct1nn earnot dbe necaptad.

ﬁarcuﬂ.(1944) clsimed to racognise L,ouhsnlsug as a
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distinct speoies. - It was considerad by Moore (1905)
%0 ba similmr to L,hoffmeistari, but ona of tha

prineiple differencaes was held to he its oceurrenca

in hradkish'uwter. Limnodri’uq hoffmai“teri 1s nov

knmvn to ba ‘able to 1ive {n brackish wnter (ﬁrir&»humt
ond X ennad;, 1962) ﬂr. e O Tvinkhurst uas able to
exanine the type snecimana and oonfirmad Carnosvitov's

Synonomy, but shouad that coma srecimons also belon«ed to

I,olvnﬂvndeﬁnuq. This SJnonony is accented hare.

" Drinkhurst (1963) without siving eny ra"sons also
con,idar@d L.nnwmatriatus uoutharn to be a vynonyn of
L, ho*fmaiqtsri. Barg (1039) recordad,L. nreqtriatus
fron Danmark, and it proved possidle to exmilne both

his speecimens and the tyne spaciman.‘ For & full

discussion of this synonomy cae Lenn@dy (1964).V It 18

sufficlent to indicate here that the 1ergth of the

penis tube and the shape of ite distal and fﬂlls within

the rance of I.hoffmeisteri, Limnedrjlua pArviS, al 8o
daserived by Southern (1909) has proved a more difficult

'rroblen. Lastockin (1027) aceaptad tha validity of

this spaclas and dggcrihad o V. hinnnulatus emd a

v.okaansia. Caernosvitov (1939) econsidared 1% to be a

synonym of &}hoffmaistari: but later (1945) chansed his

mind and eQnSidaradvit n valid spéoiaa. lle susrasted

Lt

(after Hrabd) that it nmisht possibly be a stare in

the 1ife history of L.hoffmaisteri, Ilrabd (1954,1958)
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continued to regard it as a valid spacies,  larcus (1040)
end Cekanovsana (1062) hﬂve reduced 1t to the rank

of form, Brinkhurst (1963) raducad 1% to conplete .
,B"ronomj with L.ho*fmeiﬁteri hut szrilov and Yag (1950)

regardad it ng a valid specles, It has again proved
roesidla to .oxenire- tha typa,apecimens,.and in addition
to exonine both Cernosvitov's end qurilov'ﬂ natarial.
A full diﬂcu*sion of thaae “recimcns is piven in
-Kennedy (1964).7. Tha lonm+h ard form of thae panis tube
£211 vithin the ranre of Lo o Pfmalntari, o vhile cheotae

of tha type fi ~ured \v Southarn (1909) nre often found
'1n condun"tion with naniﬁ tnbas of diffsrent shares,
Chnetaa of this tyroe with a shorter, thinnar upper
tooth do oceur (fis 4d4-6) end 'there is a conmplate ,
sories in the reduction of tha.upper.taath 4o form this
typa (f1z., 44) vhich grades inperceptibly into chnotne
of the mora common Y,hoffmaistard type, (tic.4c), Life

cJela studies hava shoun thqt thisn ferm does not ocecur

at any particular stpwa in tha 1ife cycle of T, hnffmaint@ri

ror is 1% assoeiatad with any narticular GQOIOHicall

conditions althOUﬂh similqr forms hmvg bean prnducad

conditicns (fi . 6d(). In vigu of tha varisbility

of L.ho®fmeistert chaetqe, the existeneca of a continuons

vexias and the inxhilif; tn eharneterise the share or
lensth of thoe panis tube, L.rarvis nust be considered a
synonym of T hofmaelstari,
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u Ltmnoﬂrilvq naeificus wasg discuqaad and reduced
to eynonany vith L, hoffmaistori by Prinkhurst (1963).
Linnodriiusg ho *fraintarl f. Aiversens diffaers from
L;h6f?égi§ﬁari pnlylin thavlangth‘oftthe yanis sheath
end the shapa Sf the chastas., - Both apprar to fall within
thﬂ range of Vafiafibn axhibited by L.hoffmaisteri.

It is accordinulj considerad that f.divarmns is.a
“ynonJm of Llhoffmaisteri

" TArnndriing ndakemianvs Plnnwrﬂda, 1862,

LAudekequnns Clnnarade, 18f2,_p.°43, f-45.
.__g‘*_m Ilatai ' 1899, : (in ypr‘t:), 051 fc3v
Tevordsunrthinnma "rianﬁ 1?@8 n.l’O.

Iu\dJWﬁvi Nomurn, 1913, ?'3’~34, f.?5~34.
Leinvarang Gavrilov and I"v, 1049, p.)41-555. f.1~5-
ﬂaﬂoriwtinnzn ' i

- 90 mn, Avproximately'lﬁn Pagnant ' Antarior
dorsal bundles with 3-8 erotchats (vith a rean of 5.4
for Anmrture spacinens) dacrsasing to 2 nostarioflj.
Sinnle bifid crotchats only prasent with, in the anterior:
bundlas, the upper tooth lonmar and stoutar thmn tha
lower. . In the ﬁdéteriof hundlas tha taéth éra of equal
lanﬁth. In nature spacirens panis tuha avaracineg 3,7
timas as 1ong as brond, with a ranma of fronm 2 ﬁlto 4
tinas, The distﬂl end 15 s1irhtly axrandad to form a
hoaﬂ of ralativaly simrla form {firse 7 and 11) with
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a taminal outlet., The wall of the renis tube
thickens towards the distel end.

Discussion:

The chaatal nunber is given only for irmature
Bpecihans bacouse insufficlent ohservations were nade
on mature spacimans, Ag tha chnetal’numbgr increasas
with ame 4t was considarad thnt an estimate of the
stendard deviation would be of 1ittle value, It will
bo seen from table 2a that both the mean and range are
émallar than for tha’corresponding mean and range of

immature T, hoffmaltsteri, The nean is quoted for

' comparative purposea in table g, andvfromkthis‘tnbla ‘
1t can be seen that the chaatel nunber doss not diffaer
significantly from that of other spacias, and is theroforae
- Unsuitable as a diagnostic apeéific‘charncteriStic.

“he shape of the dorsal anterior chaataaphowavar
is characteristic of this species. Tha uppar tooth
1s longar and stoutar than the lower one (fig. 4a). ,
Vhilst this differance is pronounced in typleml specimans,
in othersvthe upper tooth may be reduced in lansth to
varying degreas (fig. 4a21-6)s In nll thase enses the
upper tooth remainé stouter than the lowar one: even
1f the upper tooth has bean reduced its etoutnasa serves
to distin~suish this species from the othar sraclas of
Limmodrilus (fis. 4). This difference in the shape

and relative sizes of the two teeth im lass rronounced
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TABLR ?
.-—-——..._.,_

Thn VGrintinn in tha anaoific ohﬂrnntariﬁtiﬂq L

of L.uﬂe%nniﬂnnﬁ

&
v

28)%The varintion 4in tha nvarancas nmbar af chrnatng nar

hundle in tha doranl hiundlan nf snrmantg 2 « T,

¥ ! g

AVquwa nnnhqr nf choatna nar h““ﬂ‘e m. 5 Iz

3115 & 1321@.

Irmnguro B
Specimana 17 52 118 65 37 5 0 5«24 -~ 295
2b) Tha varintinon in tha:lan~th: hrandth ratin of fha

pgnia cshaath

Tanrthi hrandth rmtdo M 8 2
V;?—..’:.:ii.ﬁ.“_

A1 rspacimens‘w 40 170 8 10 0© 3.7 0.64 301
ﬂraeding snecimana 0 80 20 0 0 3.7 0,28 100

Laggna

M=mean = 8 = standard deviation T = total numbar of
: : . obaarvations
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in the vantral Lundles, and diminishes in both dorsal
and vantral bundles slons tha longth of the spaciman,
The langsthibreadth ratlo of thae panis shanth is
fairly constaht (table 2b)e It can Lo sean from this
tabla that the ranze for brasding Specimans is less
than that for 21l nature specimens but the mean is
the ome in both cases. It can be sean trom table 6
that the moan ratio is sisnificently different fron

that of othor aheciaG, and 1is closast to Igholvaticus,

Lsudskeninnus may be separated from this 1attar specles
bty tha shape of tha chnatne ond tha form of the distal

and of tha ponis sheath, The rance of varintion of

the ratio overlaps with most other specles,

The varietions in tho shapé of the hood of the
renis sheath are shown in fig. 7. It will bta seen that
the head 1s mluays folrly sinple in form. The differences
arise prinecipally from the width of tha hood, An
idan of the individual hood variation may be gnined
from the faect that figs., Te ané'f, and Th and 1 are
ralrs from the sume sracimans, The remarks made

concarning the variation of this orpen in L, hnPffmaistori

fre also relevant hara. The penis tuba 4s nluays short
and narrows in the niddla razion bafors exrnnding to
form the hood (fipgs. 7e and g), The vall also
thickens closer to the hood (figs. Ta, b, Q and f).



Timme 7

Variatfons n the head of the penls tude of Ls uldekemlonus,

®and £ ..,, paly from the same spocimen

!,‘h 8R4 1 «esee palr from the eams epecinmon
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. .This spec¢les was dafined by Glmparéae4(1832)
on its length, its colour and tha lengthibraadth ratio
of the copulatory organs, e quoted these as being
about thres timas as lons ns broad.: The distinctive
shepe of the chaataa”wasifirétiappreciatad.by.Vejdnvsky
(1884)," Nomura (1913)‘Béparated?L.ggtoi"Hutai into .
two specias, I,sotol Nomura, considared hare under
Lehoffmaisterd, end L.willeyi. The identity of this
latter species was discussad by Chen (1940) who reduced
1%t to synonomy with I,udekemlanus, a views rocapted hera,
Limnodrilus rordsworthianus wns eonsidersd to be a
8ynonym of L,udekeminnua by Southern (1909), and this
vag confimed by Cernosvitov (1941), Limnpdrilus'

inversus was eonsidared by Prinkhurst (1963) to be a

Syponyn of L.udakemionus, bub no reasons were given
by him, © The principle distinruishing featurs of

Leinversus was held by Cavrilov and Paz (1949) to be
the bi-annulate nnterior sagments. This feature is

Corimonly obsarved in J.udakemianus, It has proved

Possible to exanine the type specimans of I, inversus
which have been found to be indistinsuishable fron

Specimens of l.udakamianus, Brinkhurst's synonony

18 tharafore aceepted hare.



2, 33

_Dimnodrilus clansradannua Natesl, 1068

Leolaparadennua Ratzel, 1863, p. 108,

Zubifax rivulorum Budre, 1850, re 1. '
Leloneus Brtescher, 1901, p.204~205, pl.14, £,2-3,
L, subanlsus HMoora, 1905 (in part),.p. 392-394, pl.33,
‘ fi{’;-l‘)-.?.?o

Lerracilis hoora, 1909,

Linnodriius form ¢ Nonura, 1913, p.2.
L.notonurad Nomura, 1929, p.131-137, pl. 11,
L,hcffnaiatari Clap, s Brinhhurst. 1960 (in part), p.401.
Dosoriptiont~ y

30 -~ 60 mm;ISO - 120 sagnents. Antarior dorsal
bundles with 4 - 9 crotchats, with n mosn of 6.3 in
Mature spacimens. Simple bifid erotchats only prasant,
with thae uppar tooth a 1ittle lonrmar and thinnar than

the lower, but somatimes considarahly lonrar, In

nature specinons panis tuba averaging 2”;9 timaes as
lonz ns broad, with a ranra of from 17 - 43 times.

The pania shanth is straisht and thin valled along
its langth. Tha distal end is exﬁmndad to form a pear

Shaped hood, with the opaning situated in the centre
0f the hood (figs. 8 and 11).
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Nincusaions

The chaetal numher is hare nuotcd onlJ for
nature - spacinana, ‘as this opacles cannot he identified
when immatur@. It ean ba sasn from tadble 31 that

tha nean . ia in the same regian as txqt of L.hnf*naiqreri

and L, corvix (tahle 6), hut thxt the- stﬁndﬂrd devintion
is 1ouer.4*~ - : ,‘U e
Thelvaiiation in thﬁ shgpa of the chaé%ae is
éhowglin £ig. 4be  In spacimens from England tha
uppaxr tooth ia slinhtly 1oh~er and thinner than tha
lovar onﬂ (fig. 4b4 5 and 6), but oeceasional spacimens
are encountared in vhich the nhpar tooth is distinctly
1°naer (£ig, 4b3). In specimana from Amarica and Cermany
ﬁthﬂuupner tooth is typleally loncer and naarly as stout
as the lowar ona (ti e 4b1 onad 2). These individunls
may eﬂqilJ ba confused with L.udakaﬂianus but in this

lotter species the upper tooth is alvays vary much
stouter than the lover onn.b Since this chastal character

18 not constant 1t cannot be used to Aistinsuish

Leolaparedannua uniasa the genitalin ares also prosent,

B “ ‘ The langﬁh:breudth ratio of tha renis tube

in this 8paoias is vsry vqrixble (tthe 3b). If the

rance nnd the naan are comnared with the valuas for

other species (table 6), it ean be saan that tha varintion
in the ratio is greanter in this spaecies than in any
spacles other than L,earvix, and that the menn value

Serves to distinsuish 1t from all other sracias



TABLE 3

Tha vnriatién in tha s»acific charncteriatics

of T, olammradannis

3a) The variation in tha avarars numhar of chnatna var

bundie in tha Asrsnl bhundlas nf ﬂmnnents 2 - 7.

fxverqm mirthar nf chantnaa ”e*‘I ?mnﬂ“a .
£23 51 g g * S

Matura . e
spacimens 1 13 37 46 16 5 0 6.8 1.02 118

Bb) Tha vaftatinn iﬁ theglanqthxﬁrandth ratio of the

v nanis shanth

Ratlo u&ﬁ&&&ﬁ&&&ﬂﬁ&
A1l |
Wm145286598912985
Bresding’

mcinansw"0ﬂ000223423321

Ratio LLLnﬁuﬁﬂﬁmﬁgﬁ
ﬁmg.amf779127140142

Braeding -
Emw2335102020021

A1l specimens M= 25,9 S = 6. 52 T = 153
Braéding'apecimenavﬁ e 20,8 S = ;' T w43
Lomond

M= maan § = Standanrd davimtion T = total numbar of
" ohgarvations



2, 35 |

excapt L.carvix, In viaew of tha scarcity of
natarial tha valne of tha stondard devintion Yor hpoading

spaciriena only has not baen cnlculnteds L.clnnaredannns

And I, carvix may be distinsuished by the form of the
renis tube and the share of its hood.
The shaps of tha haad of the penis tube in

L, clnparadannus is, by contrast with the length:brandth

ratio, not very varisble, - The variations sre shown
in fipx, 8, Tha penis sheath is straicht and of aqual
~diometer nlony its entira langth, end videns suddsnly
into a nors or less pear shaped hoods In fig, O 1t
‘13 apparent that the specimaens fiau:gd_may‘all be
Tafarrad to a basic pattern, similar to fig, 8a. The:

‘variations! are dua in the mnin to the anglae at vhich

]

tha spacimens ware obaarvad, and to tha alze and ansla
sat of the hood. The spacimans figured in 8f nnd 8g
belons to tha aame individual, and pive sona idan of

| tho Qlight individual variation. Tha opéning of the

.Bheath ia situntad in tho eantra of tha hood (figs, 88;

- by,e, and 1), _

Since 1ts daseription by Ratzel (1838) there has
been considernble cqniusibn over the ldantity of this
spacles, The early eonfusion was due nmrinly to an
incorrect identification of this specias by Vajdovsly
(1884)., 1e figurad two spacimans, one of vhich vag

Probably L, elnnaredannua but the othar was undoubtedly




Picume 8

. ._
"Tiations in the head of the penis tube of L. glosaredssnus,

r ,
' 80 @ veuue pair from the same mpeciren
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T hofmaisteri, In the text he dascribed the

8pacinan of L.hbffmeisteri; Mespite this nistake he

corrgetly reeognised'Tuhifax rivolorum as daseribed

by Budga (1850) as a synonynt of T.clararadenma,

This mis-identification by Vejdovsky causad many
1&ter suthors to make the sane niutﬂke. Dieffenbach
(1886), Michaelsen (1900) and Galloway (1011) all
cbnfused L.clmpmi@d@anua anﬁ L.hoffﬁaisteri. Othar
autharitias, as Beddard (1895), by refarance to
Ratzelts ofiwinal descriptioh deseribad it'correctly.

Finnlly Bratacher (1901) described a nawv srnecles

(L.lonnuq) which was aald to differ from L.ﬂ‘anredaanus

1in the 1en thzbreadth ratio of tha panis shaath.
He used almost axactly tha sara words ns Ratzel (1863)
. Yo dascribe the ghapa of the hood of tha neniq'sbaqth"

raferred to Ratzal's orir min=l dsrcription of T.cl~2naradeanus,

Jet followed Vejdovsky's incorraet description of this.
Sracias, By re-daseribines T, elanarsdannug with
rafarance to the oriain11 deecription Piguet (1913)

¢laarad up the hosition. Ha rsduced L,lonous to

B.‘monony with T.elnnaradeanus, and separated this

latter species fron L. hoffmeiqteri. The species was

then deseribed corractly in later works by Pisruat
and Pretscher (1913) and Udae (1929),
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Refarance to thae type crecinons of I, smhsalsus,

sorne of which are undoubtedly 1. claparadaanus, nake 1%

Pecesswry to rapard this gpecies as a synonym of

L.olapqreda«nus (in part). For further discussion of

this synonony 560 undar'L.boffmaistsri. The form

refarrad to by Nomura (1913) os TLimnodrilus € was later

daseribed by hin (Nomura, 1929) as a rew species under

tha nome of T.motomurai. Tha penis shaath ratio and

the shapa of the head ns doseribad by him 1aave 1o

doubt thot L.motonural nmust ba aonﬂiderad n synonyn

of T, elanaradaanus,

The idontity of L, clnparsdannus had thus been -
clarifiad, but further confusion was to follows.
Irinkhurst (1960) Jaseribad tvo forns of Limodrilus
vith long panis shaathse. One of thasa he dascribed

83 a Vﬂri"tion of. L.hnffmaiqtari as 'sevaral snacimans

ﬂwith ths tubs as long as that of L.clﬂ”ﬂradeqnug'

end rafarred to 1t3 thin walled penis shaath of uniform
diﬂmeter and tha trisneular hood.  Tha otheT form he
distinsuishad from L,hoffrolsterd by thae thick wall of

the'penis shanth, tha abrupt narrowing of tha shanth

bafora tha hood =nd by the hood possassing a forward and
backward projection, lHa considarad this form to

ba I,claparedennusg, = After an axamination of Brinkhurst's

?Eecimans tha author was sble to Aistinsuish tha form
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deseribad under L.hoffnmiqteri, to be rafarred to

in this diseussion ms form a, from L. hofPmalstari on the

‘basis of the penis tube ratio and the shapa of the hood.
The author ccnsidar@d that form a should hava vean

corractly attributed to L.alﬁnqraaaanug, as it corfornad

to the diagmosis on pe2e33« Tha form: daacribad by

Brinkhurst as L. elanaredeonud, form b, was tantatively

‘considaersd to be a naw spaclas, as it did vot conforn 1o
the diagmosis of any existing spacles. In an effort
to clear up the prchlam tha author'atﬁmirad soma

spacinens of L,alaﬂaradeanus collactad and 1dentified

by Plguat, and these provaed to ba $ dantical to IoTm .
‘This confirmaed the author's opinion that form o vas

corraetly assisnable to 1., elanaradeanus. ﬂnd thot form b

vas a new spacies. ; ,

Brinkhurst, howaevar, wﬂa unwillinﬁ to accant this
View, and in order to keap the two forms distinet but
avold deseribing a new 5“aaias ms%iﬁnad form A and Piruat's
spacinans of L.n?qnqrad@anua to Lslonms Brotscher,

M
maintaining that Ratzel's (1?63) daseription eould have

fittad eithar form a or b - Thase views were. exprassed
in a joint raport on Pirsuat's colleetion (Brinkhurst
and Kennady, 19623), and L.lonwue was racorded as 8.
vvalid species in the check 1ist of Priticsh oliqochaataa
“°0m@ilad vy Frinkhurst {1962a).
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In the meanvhile this author had been engaged upon
a study of‘therg@agraphical'diSﬁribution of tha specias

of Limnadfi1n~, and wﬁé lee to show that form b was

' nbsant fron continantal urona and Asia, It occurred

only in North Anariea and Tritﬁin, and 1ts distribution

in Britain strongly suzsasted that 1t had been introduced
'th@r@, (see chupter 3 for full dtacusqion). Ie Brinkhurst's
.idﬂn+1ficat*on h%d baan eorract and forn b wvas in fact

tha some entity ns T, 0lmnaradasnus Ratzel (sensu

Pi*uat, 1913). thia nnuld hava eraated a situation vharaby
thiq spec*as, althoush dascribad from continental :urope,
vas nboent from its type loeality and the continant.
Faced with this paographical and morpholos 1cw1 avidance
>rinkhurat accaptad tha viaws of this author,

A°°°rdir”ly Prinkhurst (1963) deseribed form b ns o new

Speciaa undar the nazma of L.carviv and reduced -

Lsclnnaredeanus sansu ﬂrinkhursﬁ'(‘QSO)‘to ayvonony vith

it; In tha nana work L.ho*fmeinteri Clap.- (in

Brinkhurst 1960) in p?rt, I.lonwu (in- Rr;nkhurﬂ% and
I‘*fl'm"f:!dy, 1962&) and T.lonwus (1n Pr*nkhurrt, 1“6°)
vere regsarded ag. SJnonymn<of L.n?wnﬂr@damnuq Ratzel. -

o In orﬂer to clﬂrify tha prohlen of the identity

ot L,cnrvi; and I.clnnnre&ﬁﬂnns, tha fallaving table is
ziven belowe e ’
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Sraclas Author Nate Corract ldentity
L.hgfgggisteri Prinkhurst 1960 I, elansaradeanus
‘Ls el anaredannus Brinkhurst 1960  Lecervix |
L.lqnnps gziggg;?st & 1962a 1. alaparadannua
Lelonmus Brinkhurat 1962a  IL.aolrnaradaams
Leclararedannus Brinkhurat ~ 1962a° L.cervix

- Lignodrilus earvix Brinkhurst, 1063 "
Lecorvix - Drinlhurst, 1963, p.2, f.20.
Leclnparedennusy Brinkhurst, 1960, pe402, fo4.

L.elnpniradananua: Brinkhurst and ¥ennedy, 1962, ».188,

Deserivtion: '

| 30 -~ 80 mn, 60 - 120 sagments.\Anterio? 60r3a1
bundles vith 4 - 9 erotchats, with a mean of 6,9 for
rature speecimens, Sinvle ﬁifid‘crotchets only prasent,
vith tha upper tooth 2 littls loncar and thinner than
the lower, 1In nature erecimans panls tube averasing
2.2 tinmes as long as broad, with a range of from T - 14
tines, fThe penis sheath is straicht and thick walled
8long moat of its lensth, but narrows naar to ths distal
end.;’Thia~end is expanded to form a hood baarins~ forward
and backward projaections (fics., 9 and 11), with the
Openins situated in the}eantra of the hooA,




2.4

Niscusaion, '

 Thae mean nunbar of chzetas por tundle is glven
for mature spacimens only (table 4a) as this spacies
cannot be 1dentifiad in the imnature siages. ~ The
chastal number and standard deviation are close to the
valuaz for the other spacles of Limnodrilus (tabvle 6),

and do not characterise this spacles.

- The shape of tha chaataa 1a not very variable in
this spacies (fib. 4a). The upper. tooth ia slishtly.
lonzer and thinner than the lower, but naver appasrs to.

be a3 redused as in Lyhoffmaistari or as eloncated as

in I,clenaredearns, Tha chaatae of Y. earvix ara ususlly

indistinruishnble from thoss of L.hnffmaiatari and

_ Lchelvetioue.

The langthsbreadth ratio of the pania tuhas is vary
- variable (table 4b), and tha standard daviation axceads
that of all othar spacles (tnble 6); In the ense of all
mature spacimens the lansth: breadth ratio overlaps that of
nost othar specias, but if the ratio in breading

" specimens only is considered it overlaps only with

L.claparedeanus, The wide rance of the ratio in

L;ggxg&; is attriduted to the fadt that obsarvations ware
mada on several apecimsns in which the panis tube was still
GQVQlopinu. Ohservations on breadins specinons only

would consequently be axpacted to narrow the TANLG,



Limnndrilus carvix nay ba distin"ui hed fromn all

other spaciaes of FAmnaArilus b; the forn of the panis

Sheath and the shane of the hood, - The panis shaath

ﬂﬁPe rs to be QOWﬁoﬂeﬂ of two quars of chitin for nost
of its lenpth (rip 2 and 9). ‘Thare 13 a thn inner
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layer of the sons thickness as that of.the woll of other

Specles of Limnndrilus end a thicker outer layer about

two to three timas 23 wide as the inner one which

terminates close to tha distal end, producin: the very
characteriﬂtic narrowingz of tha shaath in this resion.
Tha inner 1nJar then evPands sliphtlj 0 form tha hood,
lhis conglsts af n flnt nlnte hearing a forward and
hﬁekward prujection, each projaction hﬁvinﬂ an approxina
triangular shape, The shape of the hood is not very
Variable (fig. 9). It-is apparent thatkmégt of the
"fariation arises from the da«rraé okf rrassure axerted on
thﬂ “Decinan (fims. of ard g) sre tha RAnn qvaciman
under diffarent pressures, or the anple trom uhich 1t is
View@d. Thae opanin* of the ﬂheﬁth is situated in tha
centra of the hood.

A discussion on the identity of this specles and

taly

N,

its Synononies has already been givan.undar J,elnraraeden
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The varintion in the snecific ehnractaristiecs

of 1,carvix

4a) Tha varintion in the nvarasa numhar of chantas nar

tundle in the dorsel bundlas of sarmants 2 = Ta

Avarara numbar of chnatas ver bundie I 5

L5 6 1 8 2 1 |
Hatura .
spacinans 3 10 . 55 57 18 9 0 6.9 1,06

4b) The variation in the 1en¢+h:hrothh rnfin of tha
panis sheath, |

Ratle 792111213 24152617283920 2 22
A1l srecimans 15 5 3 1 4. 2 3 3 2 2 6 0 3
Praedin~ . :

Enecimens 00 00 0 0 0 O O‘O_AQ'lvO 0
Ratin 2324 252627282030 32332343

A1) _specimens12 5 9 14 14 161815 11 8 11 11 10
Nraadin~
Sp@cimans 3428991?961674

Ratlo .3...3.1}..3.‘.&._41&..&.1.&.&25.._148
MW6924300400001

Breadings :
Spacimans » 31 2100100 0o 0 O

A1l specimons M = 28,2 S = 7.57 T = 226
Breedine - .
specimens Muw 0.2 S = T= 91

, Izﬁf’end.

2.43

3

146

M=rean S = etnndard daviation T = total nunbar of
obaarvations,



Fimws 8
‘Tariations fn the head of tho penis tube of L. cervix

teanda ,,.,, prir frou the same epocimen
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" Linmodrilus helveticus Piruat, 1913
L.helvaticus Pipuet, 1913, p.l36 fig. 810,

Weﬂcrintionz

20 ~ 45 nme 0 - 90 segmants, Ante#igy dorsal
bundles with 5 - 9 erotchets, with a mean of 6.4
for nature specimens. ' Simple bifid crotchets only
Dresént;'with thé:ugpar tooth a 1ittls longer and -
thinner than the lower, > In mature specimena penis
tube avaraging 4,5 times ne long as broad, with a
renge of from 2'~‘7‘tiheﬁ.? The penia sheath is short
and strairht, oxn“ndinp distally to form tha hood which

is reflectad back over tha tuba (figs. 10 and 11)-
Discueqicn:" o |

" The mean nurher of chostes per bundle is quoted
only for maturae specimaﬁs'aa this species cannot be
1dantified from immature specimens. If thase fisures
(fahla‘sa) are compnred with the valuas for other =
ﬂpaeies (table 6) 1t can be sean that ‘thay are cenerally
lower, but as this differance 1s not vary pronounced
littla inportance should be attached to it. ‘

' The shape of the chnatma is uniform, and the upper
tooth always appaars to ba'n little lonrer and thinner
than the lover ona, (i, 4f). Piouat (1913) claimed
that1thaftaeth~in;1acustrine‘spaéimans wera“éhort and
rounded vhilst those of riverine specimens ware shﬂrriy
Pointad, Novtrnca of such a distinetion hns baen

found in specinans exanined by‘the author, but it nust



2e45

ta adnitted that nons have bean from true lacustrine
habitafé.ﬁ An exanination of Piguat's specimans fron
 Yoth ty%aéasv"bf habitat (Brinkhurst and Kennady, 1962a)

- falled to show Aany such distinction. Tha chaetaa ot.

L.halvaticus are 1ndist1n~uiuhqble fron thosa of ,

L.ho’fmaleteri and T, carviy,

The laength:breadth rmtio of the panis tude is not
very varinble (table 5b). The maan and the standard
deviation are lovar thﬁn for most other specles excapt

Lo udakaninms {table 6) and rossibly L.nentronieus.'

Limodriins helvaticus noy be seyarated from these specles

by tho shapé=of tha ponis tube hboé.gj’Thafé'ié ro

significant diffarence batwsen the range and tha mean

for all naturae spacimens and for preedigg spacimans orly.
Tha hood of thé ﬁeniérsheaﬁh takes the formof a

circular plate whinh is reflactod back over tha end of

‘the shaath (figs. 10a - d).  Under pro- ssura, " hovever,

it may assume a trumpet shaps (figs. 104 - 1), Intarmadinte

stages in this process ara shown in firzs, 108 - h, It

is considerad that all these foms nre rofarnhle to a

basie type, fip, 105. The diffarant forms ray oceur in

8 single Srccimén; a3 fica, lOf and k., Vhare the

‘hood has assumad tha trumnetn have it may closaely resenblae

Spacimans of Lsho?fraiasters which hdﬁévéiﬂo bean

aubdectad %o pressure, (compara fig. 101 with £ip, 6n)

In these cases tha ponis tube ratio will usuwally serva
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‘TA BT ’5

The v"riqtinn in ths smaecifice ohﬁract@riqticq

of 1., halvaticu@

5a) The varintion in the nvarasa numbar of cheatne mer

bundle in tha dorsal Bundlas of samants 2 = 7,

AVGraﬂa nunber of chaatna ror bundle M s I
45 86 183210
Hature

_8Decimens o 17 60 29 10 3 o 6,4” 0.91 119

: ‘53) Tha variation in tha ﬁanﬂ*h:hrnpdth ratin of the

Egniq tuba

- Lonpthrbrandth ratio M 8 T
2 3 4 53 6 1
All | - 0 :
STecimens 3 26 39 13 2 1 4,5 0,86 90

Breadinp ' o -
Specimens 3 19 20 10 1 O 4.3 O0.T4 62

H = maon S = etandarﬂ daviation T = total nmubar of
k obgervntions



Fipmees 10

Varfations in the head of the penis tube of Le helveticus

4 end 0 ssess poir from the same apesimen
Tend k yyiau pair from the sama agpecinen

hoang 3 ersve pair from the same specimen
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to idéntify the speclimans,  The reflacted tip,
uhan prasent, is quite distinctive and °arvem to

distinguimh L, helva*icun fron othar sﬂacieq, (£ie 11).

~ LimnsArilna wrnnﬂiqetnquq Womnra, 193? .

| L&Frﬁndisetoqns Ponurq, 193 Pe 511, f.1-5, nl ,13~17.

ﬂﬂ criﬁtinn:

80 rm. 85 - 95 sagmants.,_Antériar doraal

. dbundias vith é ~ 4 chartaa, decrﬁasing to 2 in the
ﬁost clitallar‘région. Ventrql chaates of sarmants

4 ~ 10 vary hroad and long, and disprnportionataly |
larger than the corTGSﬁaniing dorsal ones,  All other
‘Chdetaa Lifid erotchets with tha uppar tooth lon-er
and stouter than the lower ons. Panis tube short,
vith a lengthtbreadth ratio of 2:1,{*orning a shovel=-
'Shﬂped hood (r1e, 11@).,

Ziﬁcussiom

Thae above das cription is thnt of Fomura (1932).

No accaunt 1a givon of tho variation in the shapes of the

chagtoe or panis sheath, or of tha dimanqions of tha
| 1ﬁtter organ, -

The species appenrs to be sinilar to L.udakonmiams,

| but without refarence to ths orisinal specinens it is
ot possiblo to diseuss 4ts relationships in dstail,

Eﬂlarﬁed chnatna are froquently raelarted to rasenaeration
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in the Naididne, but the prasence of numerous spacimens
in Yorurats original locality suspests that this nay

not have tean’ rasponsibla for the enlarssd chastas in -

Leorandisetosus. ‘Further, no such enlargad chaatee have
basn obsarvad following re;enaraticn in Liwnedrizus hy
tha author {chapter 4),

L*wwﬁﬁri1nq rao+rnniouq Pmrpn«vitnv,1939

_L.naotronicuﬂ CﬁrnOuVitOV’ 1939. n.106~108, f.S(—lOlc

Wa;criﬁtinn""’

50 mna 45 .,1?0 ueg"ent  Anterior dorsal
bundla with 3 - 4 crotcnats, decrsq sing to 2 or 1
poetariorlj. oinnle bifid erotchets only prasant,
with tha unper tmoth strongly éurved and about twlece oo
10“5 es thae laner in tha intarior bundlaes, but with the
Upper one as long as, but thinper than, the lower one
in the posterior bunileu. ' Tha penis sheath 1s short
and harrows towards the distsl erd. It then expands
to forn a large round dilation, wvith 2 wide laterally
di”ﬁl?cad omaninm (fi . 1lc)e  Tha length:braadth
Tatio of tha ponis saaath vith.a r:npe ‘of fronm
411055 =3 | ‘
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Diseussion:

The above daserintion is that of Cernosvitev
(1939)s * Reforence to tho type srecimans confirms his
dsscriptions, The variantions in the chapa of the chaetne
and the hood of the panis sheath are flrured by | |
Cernosvitov (op;citi)' |

qpecias dubia

L.oornlltrug {Bisen) 1883. “-900; Telds
Lacnlifornious (Bisen), 1883, »,901, £.16.
L-i”neuq (n iqen) 1883, p.noo, f.14.
, L.antioola (,isen) 1u83,.p.806, £,10.
Leornatugs Hisen, 1883,'L.P°4—?95; Te 8o
Desilvant Lisen, 883, r. 807898, f£,12.
Leopiralin (Bisen), 1uu3, p.8995900;.f.15¢-
L, LeSt0lroryel di Bisen, 1983,fp‘395§ fe2e |
Lenlrastris Risen, 18383, p;893—397g'f-11; 18,
- Thosa spacies dubla have bean discussed briefly on
Pazes 2,12 and 2,13, | |
Lebosdonovi Grivim) 1877.

Thisrwaa considared a speclies dubium hy
Hichaélaan_(lgﬂo). It hns na&ar subsequantly been
Tecordad. Tha original doseriptions of this entity
(Grimm 1877, -1878) have not . beasn resn by the author.
—&hzggggz Andruscof, 1914, p.92-97, fol~3.
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This Qus considerad to be a spoclas dubiunm
by Mareus (1942). It has racontly bean considered to
be a synonyry of Tuhifox nownensis by ﬁr;nkhurst.(1953).
Leacouatorinlis Michaslsan, 1935, p;34~3g. |

This speclas was'rocmrded’frém tha Balgian Congo.
It was Dcorly'de"erihed and fev dotails of the ranitalis
wore givan; It was transterred with ccnsiﬂarﬂble doubt

to Bn*hrioneurum hy Carnosvitov (1933).

L,beredii d'Wdeken
vLsaionwntuq d'Udakam
gihyﬂlinuq d 'Wdaken

 Thepe three “ﬁeciea vora considared spacies dubin
by Vejdovoky (1084). Lirnodrilus hanadil is now
cons idsrad to ba Palnnenlex hqwnAeni in all probqbility.

The author,hns nnt saan tha originnl,daacriptiono.
Lennvasrelandise Nomsn nudwr in Baddard (1895).

| '"his sﬁecias is referrod to by Daddard ih earlier
publi ation" (1889, 1F9°).‘ Yo deqcription was civen
by him, but he considerad the specieu to be a link
botween Limnodrilus and o) 1t0llio., ~ He then further

remarked that his specinens vera imature and possibly
hot avan aasianable to Timmodrilns., Tho spacles wns
listed nnder‘species dubia by Hichqeluen (1900)

Banham (1903) aaaarihad tha oceurranca of Limnodrilus SDe

in Now Zealand and considerad his spacinans to ‘ba tha
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g2ne ns those of Paddard,  Neither ha nor the author
has been able to trace n dascription of this specles

in tha 1iteratura.

&) EIY T0 THRY SPRCIIS OF LIMIONRILUS

For comparative purpesas a surmary of the
variation in the numbar of chaatas par bundle and the .
lengthsbreadth ratio of the penis tubes of the Pritish

srecies of Lirmndrilus is given in table 6, The

vgriations in tha choetal shaps of anch species ara
shoun in 11, 4; and a conparison of the hoods of
the panis shaaths of all species of Limnodrilus is
shown in fig, 11. -

Much of tha informﬂtion in tha pravious sactinng
01’ this work has been usad in tba prevarntion of‘ a key
to tha spacies of Timnodrilus in Prinkhurst (1Q63),
and to the British spaoecies of Tubificidna in .
Brinkhurst (1964). The kay thnt anpa#rs balow is
8sentially the soma as that avpanring in Erinhhurst
(1953), but with soms slirht modifieations,

The kay is nsgful for mature apacimans only, as

1antura specinens eannot yat be identified, In using
the koy the variatign in tha form of the hoods as | |
‘figurad alsavhere (fips, 6 - io) should Ye considerﬂdi._}
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Cmmwariqnn nf thn variqt#on nf tha sveo{fic

cnaractariatics nf tha Sﬁﬁciﬂﬂ of Tirmnndriins,

Information compilad from tables 1 - 5.

S Insufficisnt Information is.availsbla on-tha

Cvariation of T.rrandisatosus and T, nantronicus |

Lo for inclusion hera., ,
'Idb.t “ e ~zﬂc RS T PR D 7Y P ’.I.’g.?.‘ '

Meen numbar of 6.9 5.3 6.4 6.8 o~ 5g;9
chastag/hundle of 2 3 o o
naturs apacinens

Standard deviation T , ) - L
of chnetne 1.13  ~-=* 0,061 1,02 1,06

Ranema of nenis , S
tube rotio in - B L T
all srecimans 1 - 14 2 - 5 2 -7 17-42 7-48

HMean ra ti 1 all ' o
srectmense P ™ o5 37 405 25.9 28,2

atandard davintion 1.7  0O.64 0,86 6,52 T.57
n all specimens

anm@ of panis | o |
tube ratia in S ol -

breedins spaeinans ' - ‘
only - 5 ~13 3 ~=.4..2-.6.21-42 - 20-43

Mean ratio in : AR ~

rﬁﬂdirw shacinenq o R
only 9.7 3.7 4¢3 29.8 30,2
Standard deviation il P B e
in brcedinc spaciwang

only.. 1416 0,28 0yT4  mmem i e
Lemnnd TIPSt

Ih = L.hnffm@i*tarﬁ Lu g Toudstamionus Tha = L,halvaticus
Lcl = L.c‘nhﬂﬂndaawuq T.ea = T,enrviy

* tha naan for’ imm1+ura ﬂvacimans wna quoted for this
specles as. insnf:ieient in“ormwtion_iﬁ available for
nature specimens,
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Vantral chaatae of segnments 4 - 10 broadar and
longar than other chastes, Penis sheath short with

shovel-shapod ending (fig. 112)eeeeeeolsrandinatosus

Ventral chnetne of semonts 4 - 10 normnl, Penis
sheath not of this L0 eesvonssnsessssasssvesve?
Antarior dorsal chastze with upper tooth up to
twice =3 long as lower one. Penis sheath

BLWAYS BHOTE seeovesrcasesorecrssrvosccssccsseel
Anterior dorsal chmatze with teeth more or less
equal in length, or upper tooth only slichtly
longer than lower one. _

Panis tube long or ShoTteesseesesscssscssecsesecd
Panis shaath short with a simple tip (fig. 7)
Lsdakanianus .

Penis sheath narrowins towards distal ernd, thoen

axpanding to form roundad dilafionywith lataral

Opﬁninﬂ' (fiﬂl 110).............'...L.néntrnnicns.
Panis sheath short, with reflascted tip (fig.1Y)
L2 & .‘1",! R X X} Q!I)'h?j.vatiﬁus,*

Panis sheath of nedium langth, curved, with the

distal end expandiﬁg io forn a trumpat—ghgped
hood with a laterzl opening (fig. 6),.esL.hoffmalsterd,
Panis shemth long, thin walled and straisht, with

2 panr shaved hood (£12s 8)eveessessTiolanaradannus,

Panis sheath long, thick walled and narrowing suddenly
at the tip., Slishtly axpanded hood baaring a backward

and a forvard DTOJ@Qtiﬁn (fig. 9)...¢.¢L.CQPV1X:



Figmre 11

. o end of
A eamyarizon of the hesds of the penis tubes of all specien
Limodrilusg,

a

b

Thaes i moryix

saves Yo Mpvoppdssnug

C piiaa T neotropicus
4 TR halvetimxs

® ¢even Iy hofrmeistert

T eiees 1, vdekeniarus

2 teens Ly prandisetosug

U= T oriptml; g efter Yomwa (2022).
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CHAPTER

PHY NISTRIBUTION 0F TIITOINILUS

o) TII_GROCRAMIIGAL DISTRINGSION OF LINIDDRILUS

: Sihce the work of lichaelsan (1903)'th§re has
been no major attenpt to make a comprohensive survay

of the distribution of the conus Timnodriluq. Check-

lists hava bean compiled for sevaral coun*ries

(Marcus, 1042: Hrabd 19541 Cekanovskaya 19(2:
Moszynska, 1962: Brinkhurst 19628, 1963), but most

of the information on dis tribution s5t111 1133 scattarad
in the exteﬁsiva iitaratura. In cnmpilinb the
following in?ornation rafarance has been nade excluslvely
to thase chaeck lists only whan the country in quantion
is smalle In the case of largasr countrias, as the
U.5,8. R, , additional referances have baan given in
ordar to indicate tha distribution of tha species
'within such n vn t aran, ecords in vhich the idantity
of the Spacinens 19 considerad dubinus have generally
been omitted. |

' For 8.11 spacies exce"“t ‘5’ nlqn'\md&“mm the

.1itar@rJ racords have bsan accertad on thair marits.»

In tha casa of L,ﬁ?nnﬂraﬁaanua, becquae of tha cenfusion

With other sracias disoussed in the pravious chapter,

the 1iterary records have only been accepted vhen a
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descrintion has besen ineluded such *hat tha identity
of the spacinens is clear, or 4f 1% hes nroved noseible
to exaﬁine the snacinens in quastion.

'The distribution of Limodrilus in Brituin is

discussed in more detail in seetion 2 of this chapter.
1) The diStribution n? Tirnndrilus outside Nritain,

The distribution is giveﬁ for ench spécies inv‘
terms of its occurrenca in zoogeoaraphical regions
and then in countries. The boundsries of the
: zoogaographical reﬂioné ara piven bg de Ranufort (1951).
The boundaries of the countrias are those indicated in
the Oxford Atlas (1st Edn.1951); *Since the boundaries
of saveral Euroreah countries have chan;ed.since the
origminal records, the countrias piven hera ore not
nNacassarily thowe in vhich the oripinal racord was
1ooatady

Timnodrilus hoffmaistari

- Palasarctioe, .

Buropg.s.. Lithuania (Grigeliss 1959;}982)2'

Bstonta (Timm; 1959, 1962, 1962a, 1963)s
Czechslovakia,(nrabﬁg 1938, 1941, 1954): Polend
(Ryoskal 1935, 1936: SzéZapanski, 1953: _
Moszynska, 1962 - check-1list): ‘Rumania (Cernosvitov,
1928): Yuposlavia (Cernosvitov; 1930, 1931, 1938:.
Sapkarev, 19563 Hrabd, 1958): Albania (Cernosvitov,
1931, 1938; IHirabd, 1955):



Garmany (Michaelsen, 1900, 19013 1903, 19093 _

Udag 1929 - summary)s Switmarland (Piguet and
Bratschar, 1913 - summé?ij

Italy (Seisochitano, 19343 DrinLhurqt 19633~,

chack 1iat): France (Jupat, 1957; Brinkhurqt, 1963):
Britain (Drinkhurst, 1962a - check 1ist)t |
Iralqnd {Southern, 19093 ennedy, 1964 - check 1ist):
Sueden (Amsted‘c, 19463 Piguet, 1919): , |
Dermark (Berg, 1939, 1948)1: Finland (?rinkhurst,
pars.corn, )t Austria (Brinkhurst, 1963). ’
Surasis and Asine..., Palestine (Cernosvitov, 1938)8
U.S.8.R, (Hrabd, 1936, JgrQQhePko,H1957;m
Cekanovskaya, 19593 ‘Sokolekaya, 1961, 1961sa3
Gakarovqka;a, 1962 ~ chack list end sumnnry): Japan
(Nonura, 1913): China (Chen, 1640).

Orientgl o |

Java (nichqexoan and ‘ﬂoldt, 1932)t mmnms
(Rrinkhurst, pers. comm.): India and Ceylon
(utaphaneon, 1912, }923). ’»

Havs Zealand
Raw Zealand (Banhﬁm. 1903)
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Bthiopan |

Belrian Congo (Carnosvitov, 1939, 1945):

South Afriea (Brinkhurﬂt, pers.conm.)

Nanretie _ | | _
U.S.A.‘(Altman; 1932; Collins, 1937; Brinkhufst;

in Dréparation -~ chack 1ist)t Maxieco (Rybka, 1098).
Reotropieal o ' .
Brasil (Marcus;~1942;‘i944):"%fgeﬁtine (Cérnoévitov;
1939; Gavrilov and Paz, 1950): Paru (Cernosvitov, 1939).

Limnodrilus udakemianus

Panenrotio

BUTOD8 ¢ g0y Lithuania (Grigelis, 1959. 196"):

Estonia (Tirm, 1959, 1962, 1962a, 1963): :
Czechoslovakiae (Hrabd, 1941, 1958): Poland (Ryoska,
1935, 1938; Szecvepanﬂki 19533 Moszynska, 1962 -
chéékiiist): ‘Yugoslavia (Cernoavitov, 1930;

SﬂpkarBV, 1956): Albania (Cernosvitov, 1938):

Garnany (Michaelsan, 1900 1901, 1903, 1909 -

Uda, 1929 - sumary)s  Ausirda. (ﬂrinkhuret, 1963):.
Switwerland (Piguet and Bratechar, 1913 - sumary)
Itely (Brinkhurst, 1963a - cheek list)r .

¥rance (Drinkhurst, 1963): Pritain (Prin‘dmrst, 196°a -
chack 1ist): Irsland (Southarn, 19093 Fernedy, 10(4 -
chack 1ist)s Sweden (Amatedt, 1943): Nenmark (Rarg,
1939, 1948)1 Pinland (Munsterheilm, 1905). |
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Hurasia and Asia,,. U.S.%. % (Foltovskoi, lﬂfl"
Sokolskaya, 1961, 196le; Cakanovskayas, 1959, 1962 -
summary)s Tibet'(Cernosvifov,‘1941?): China

(Chen, 1940 )1 “Jdapan (Monura, 1913}, - ‘

Oriantal - " SR

India (utehhanson, ]923).

nthionnn ‘

MOUthswasthfr;ea (Michaolsan, 1914 as T,nlpestris)
Faaretic

M m:‘, :

,.Uo 3 A? (Brinkh\ll"ﬂt' . in rreparat 10!’1 - 01"13 ek 118t )‘
Haxico (Rybka, 1898)g

Nantropical

frasil’ (Harcus, 194?): Are antina”(&avrilpV«and Paz, 1949).

Limnnﬂri1uq clﬁnﬂradannus

- In view of tha conrusion that hus axisted over thea
id@ntiﬁ? of this specias an attempt has baen nads to
Vorify the literary records, where possidle, Most
Buropsan and Anasrican records of thisxspacias,.pridr,

‘t°~1913,;haVa baen ignoradias_the distinetion botvaen
this specles and L;ho?fmaistari was hot pénerally

appraciatad until this ysar (ses chapter 2).

- The folloninm synmbols will be used to 1ndicﬁta
the ‘status of the records 1is tad balowzu
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? cesssesVary dublous. Insufficlent indication is
giveh in the publication for the idantity of the
‘speeimans to be confirmads

n ...Q;..Sufficient avidence is given by the oricinal

o author to confinn the identitj of tha specimens.

* veess.It has proved possible fer tha author to
examine the orig inﬂl 9pacimens or spacimans fron

-the sane localit,,f.

 Palnenrotic

Buropa .....Lithuania (& origelis, 1959 and pars.corm. )3
Estonia (X Timm, 19%9, 1963 and PArs. COrvle )2 . _
Czechoslovakia (X Hrabd, 1941): - Poland (? R.}‘Oﬁk&' 1935s
1936 * Sgezepanski, 19533 ¥ Moszyns ka, 1962 -

cheek 1ist)s - Austria (+ Drinkhurst, 1963)t

Garnany (* Uds, 19’»’9): B myit”arl'and (* Piguet and
DPratscher, 1913; Brinkhurst ‘and Kannedy, 196”3):

Italy (* Drinkhurst, 1963 - chack 1ist)t

Britain (* Brinkhurst, 19623, but see also chapter 2)t
Ireland (* Southern, 1909; * Kennady, 9(4)!

‘Bﬁmark (* Berg, 19483 not a3 Berg, 1939)e

Burasia and Asifees U.SeS.Re (? Jaroshaenko, 1957

* Boltovskoi, 19‘61; X Sokolékmyﬁ, 1961a; v

X Cekanovskaya, 1962 - summary)s —Japan (¥ Yomura,

1929):  China (¥ Chan, 1940).
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Nanretie = T
U, S.As (7 Cavsay, 19533 X Teter, 19603
* Prinkhurst, 1963 and pars.conm, )
Faotronical .

Uruguay (27 Cordaro, 1931).

Limnodrilué carvix

Palosarctio

Burope ..., fritain (Frinhhursﬁ, 1953)-

Nanretie o | ,
U-ﬁch.“(ﬁrinkhurst, 1963 and pars,comm, e
For further discussion on tha distribution of this

'Bpeciaé sea saction 2A of this chapter,

*

Liﬁnaﬂrilus halvaticus

Pralagaretie

Buropa, ... Lithuania (Gripalis, ‘pers.corm, )s
Czachoslovakia (Hrabd, 1941)s = Sultzerland (Piguet

and Pratscher, 1913; Juget, 1953): Prancs (Juzet, 1957)s
Britain (Brinkhurst, 1962 supplemaent): Swedan
(Piﬂu@t,’1919; Brinkhurst and‘Kennedy'JQSQa).

Buragin and Asiaees U 8.5.03. (lrabe, 1938' .

Jaroshenko 19;7; Toltovakoi, 1961y SOFOISR&JB, 1961;

Cekanovskaya, 1969 -~ chaek 1ist and sumrary),



Timnodrilus srandisetosus

Pl nanrectic

Asia,,. U.S.S.R. (Sokolskaya; 1953, 196la;
Cekenovsknya, 1962 swrary)t  Japan (MNomura, 19323
Yanaguchi, 1940).

Oriantal

Burma (Stephensor, 1939 - described na Limmodrilus

SPe 2nd balieved bty Nomura (1932) to be this speciles.

Lirmmedrilus neotronicus

Raotronienl

Argentine (Carnosvitov, 1939): - Paraguay (Caernosvitov,

1939)1  Peru (Cernosvitov, 1939).

Discussion

It will be obviousifrom thg‘abOVe‘lists that the
distribution of the spacies of Iimnodrilus is to some

extont & raflaction of the locations of collectors,
The tubifieid fruna of Burope, exeapt Spain end Norway,
Northern Asia ond Japan is fairly well knoﬁm.

North America, South Aneriea nnd China have baen

less thoroushly studied, but sufficlant collactions

have been mada to indlcate the cormoner spacles of

3.8

tubificids in these regions, Other magions, howevaer,

are still Very'pdnrly knovm, end the,absenca<cffa

Particular spacles Tron them oan not, as yet, be

Tegarded as significant, These raglons include Africa,
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the Middle Bast, Indie, the Pacific Islards,

‘Auﬂtralasia and the Arctiec end Antarctic replons,

The knowledse of the tubifieid faunas of these reglions
hags boankcompiled from the resﬁlts of occasional

’.°Xpaditions._ Several expeditioné have bean mada to

Afriea, and it does appear possible that tha soarcity

of obsarvations of Limnodrilus there may truly reflect

8 secarcity of tha ranus invthat cantin@ht..- Ocecnsional
8xpaditions have been nade into Antarctica (Michaelsaen,
1905), and into the Arctic to the Tarces (Mitlavsen,
1936) and Icelaond (Zoclosy of Iceland saries),  Few
tubtificids have bean racorded and it again seems possibdle
that_many spacles may ba abzant in fhasa ragions. It
seems very prabéble, hovever, that some membars of the
£enus Linnodrilus will ba found to occur in all other

Guographical rapions vhan thay are searched for, |
| Despite these resarvations it is still possible
Yo attempt a surmary of the distribution of tha genus

and species of Iinnodrilus from the foragoing records.

The genus as n vhole 1s cosmopolitan, havin: baen
found in all the regions surveyad, but soma speciles
BPpear to be restricted in their Adistribution to

V“rying_ﬂaarees. Lo hoffraistari rrpecrs to te a

Cosmopolitan spacies, It appaars likely that

Ls udakeminnus vill elso prova to hava a wide distribution ‘

fracies, It navar occurs As sbunduntly as T.hoffrinisteri

804 this may be the reason for its ahsaﬁce in regions
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that hava not os yat béen\thoroughly*vérkad. Tha
indications ara that it is able to withatand-gxtrgmas
0f elimate, being knoun in Tibet (Cernosvitov, 1931)
end Brasii (Marcus, 1942), It seems probable that it
will be found to occur in other resions and to hava a
N0r1d~wlda diatribution.

* LeClnparadaamis, on tha other hand, shows some

evidence of n more rostricted distribution. It is

Presaht’throuqhou+ tha hblﬂrdtio?rawion“and the only

Tecord outsida “this rasion 18 a very “dubions oNno .

Cordarp (1“31), vho claimad to have found it in Ururuay,

based his identifieation on Michselsen (1900), |

has baen shoun in tha pravious éﬁmpféf'thaf'Michaalsen's

1éantifibétion~with'regard to this spgciaé was _
1naceurété. ' On thé”pra,éntﬁaVidénce;‘thérefcré;'it

| a"P@ars that this species im restrictaed to the holﬁrctic
rocion.  The distribution of\L.aarvix 'will be discussed

: 1“ nors’ detail in a later section (p.3,14) uhen avidencs
will be rresented to show that it has rrobably been

'introduéed ihto“Britain‘éompurativaly facantl““ - Outsids of

Britain it ig only known from U.S. A It ia pm'bahle ‘that

thig is a true nearctic spacias but is now spraadinu )

into the pqlaaarctic ragion;' TAnnodrilus halvaticua,

by eompariﬂon, apwaars to ba a palaanrctic sperias and

8ven within this ragion ite distrihution i3 raestricteq

whﬁn comparad with thut of L.hnf’maiqtert Tvidance




"will again ba presanted to ‘show that‘it has only
Tacantly besn introduced into Britain, |

* " The renainins two spaciaes appear to have Very
Tastricted distributions. LirnoArilus sreandisetosns

wasrdegcribed fron Japan but waa lnter found by-
SokolskaJa (1958) 4n tha Soviet province of Amura,
The record from Purma must be eonsidared duhious, but
even 1f 1t 1g correet 1t still indinates a restricted
diatrihution. ~ If this srecles is present in Japan
®nd Burma it would be expacted that 4t would also

| occur in China, ' Sinca there are relativaly faw ~
| recdrds fron Chiha; 1ts absence from thara_caynat,be
regarded as established. . The distribution of =~ '

Lenaotronious is aven nmora rastricted,  It. is

confinad to South Anariea and Appears only to oscur
in the centre of the continant, - It 1s prohahle that
1t w111 also ba found in Boiivia, since 1t occurs in:
Lake Titiecaca (Carnosvitov, 1939) which’ forna part of
the houndary between Bolivia and Paru. '

The infnrmation summarisaed in tha- rracadinp

3110

Paras on the diatributicn of tha spacles of TAmmadrilng

in THurore haa baen ineerporﬂtedib& ﬁrirkhurﬁt in his

chepter on th@ 0l1lisochasta in tha Limnofauna Europea
(13 prsparptian)./
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2) Tha distributinn of Tirmndrilus in Britain

. Tha distribution of tha manus in Britain has been
1little studied. At the baginning of tha century numarous
records wars published by Friend (1898 et saq. ), but his
1dentiticﬁtion3 have bean shown to ba unreliable
‘(Carnosvitov,‘1941). They ara irnored hsera., A faw
English and Manx records weras includad in a work on Trish
tubificida by Southern (1909), Thasa hava racantly
been checkad rnd brousht up‘to date (Yenrady, 1964),

Soma Rritish racords are to ha fonnd in Prinkhurst (1960),
but. in view of the tnxomomie confusions 1h that work

'80Mma of thass cannot ba acceptad in o study of the

diq ribution of the ranug, ‘ The chack list of British

| Tubificidoe compilad hy Brinkhurst (10623) is of no

Vﬂlua hore bacauna loenlitiss ara not aiven. The

_ diﬂﬁribution of tubificidas in the Isle of‘Mgn hag beeh
racofdad hy Brinkhurst and Ksnnédy (1952); Rafarencen

to Iinnodrilus an, =nd to L. hoffraisterl occur axtansivaely

in the panernl freshwater 1iteratura,. but in tha absence
‘Of eonfirmation 1t 1s considarad safar to Aisenrd tham.

Tha distribution of Timnodrilus recorded in

the following s has bean basad to a 1&?5@ axtant on
Parsona) eollaections, Litavﬂry racords bave only besn
Bceaptad when it provad ros ﬁib]ﬂ to axnwima ‘the sﬂeciwanq.
Distribution hns bean racorded on a viea-county basis,

88 there is inaufficiawt informntion for mAps on a

inaller senla to ba maanin~ful, In ad*ition to
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showing & reglon where a spacies hos basn found to
occur, tha raesions wherd it has been saarchéd for and
not found ara also shown., This ciaarly distinguishes
- the rasions wvhich have not been surveyed and anables
More reliance to be placad on negative racords,
Collactions wars only mada at sites whoras
Limnodriins was considarad 1ikaly to bes present,

Particular attantion was paid to eanals, in view of
the apparant restriation of L.carviw tn this habitat,
Mbat'ot the collections ware madé in spring ond early
Summar, whon the chancas of findines more ensily
ldantifiable braading individuals was greatar, In
the ralaﬁively short tima nvailnble it vas not possible
to cover a)l of Britain but attention was givan to ~
Ehc;and and Walss.  Records from the North of England
&nd Seotland ara fow, |

In tha followins nceount the distributions of

Q&Qﬂi!&& and I,helvetiocus are considerad saparataly from

that of the other Pritish spacins of ILimnndrilus as

Preliminary obsarvations had shovn a very reastricted
dintribution for bbth speéies. S It wﬂs:fiﬂally concludad
that both ware not native ﬂpecies but had reeantlJ

baen introduced into Britain (pp.3.14 - 3.21) The

rﬂmaininp spacies of Yimnodrilus arse conq1Aerad tomathar

bacause a1l three appasr to ba netive to this country

and thaip ﬂistributioﬁ qhoue no reculixritias.
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A) Tha distribution of I.esrvix and T..helvaticns,

Limnodrilus cervix

‘ The distribution of this sracies is shown on a
Vice éounty basis in fip. 12a. It is evidantithét it

is rastricted to two araas, The laryer nrea occupies
thalwhplg of the nidlands and the smaller one is confined
to the county of Chashire. A closar study of the
distribution of J.cervix within thesa arens shows that

it 1a eithar confined to coarals or to rivars in close

- Cornaction with, or racaiving overflows fron, a canal
8ystem, Its distribution throushout the eanal systen

is shown in more detail in fig, 13, Toth the sites

L ”hafq found and vhera not found are shown, A single

Dagative record is not accaptad, but saveral nagative
Tacords close to each othar or 7rom a particular
Canal or river system ara acceptad ns evidence of its
absenca 4in that region, . , |

It can ‘be seen then fron fig, 13 that 1t 1is
Preqent in the Re Themes as far as Oxford, but is not
founq beyond it or in any of the trihutnries of tho
Thames, as the Churwall or ”hame. . It iq nrenent in
_the two nain branohes of tha S.ﬁ. cnnql qvqtam i.e. the
Oxford eancl and tha Grand Union Cannl, - TIt i3 prasant
in the ReOuze closa to Nadford and the R,Vena Just

8bove Northampton, but both rivars are in direet
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o dlatetbabion of L. cervix tiroughout the vendl syetes of
“00kard and vales. Ounly those wnterways specitically panmed in
the tep, ams laballed, |

-----

Uibroken lines = cananls

Br“k% lines = rivers

Soliq tireles = localities from which Lo cervix hes been recorded
X ‘ ‘ ‘ ,
Moy o4relos = localibies fron which Lo corvix has not been

‘resordeds






3.15

connaction with the Crand Union. . It is present in

‘tha Grand Union canal abova laicester and below its
.Junction with the R.Trent, This would apraar to be

the northernmost 1linlt of its distribution along the
8yatan, ns 4t has not beon found in the R.Tront, the
firewash Canul, the R.7erwant (where o saries of

detailed survays have been nada over recant years -
Arinkhurst, in press) or in tha Trant and lMarsey canal.
In the Oxford cannl system it is prasent in the R. Avon
-‘33 Varmudck, wharo 1t ‘connsots with tha eannl pystem, -
tha Worcantor nnd Birmingham eanal and tho R.Severn at
Stourport, whara it joins - the Stnffordshire and -
‘Worcastar cannl, It is not‘knpwu vhather it 1s °
PrﬂSGnt‘in‘thé Rivers Severn end Avon below their
Junetions with the raspsctive canals,” No attenpt has
rbeen»mada‘taylock for it in the Birminsham canal systen.
1t is not, hovever, prasent in tha two N.'. oanals
1eaving the Birminghnm aystarnn (1ts ahsaence inlthe Ne T
®xlt has alrandy Lean rﬂfarred to).}\Severul'collactions
have Laan nmade in the ©ront and llarsay cannl batween -
Jtoke and Lichfiald, whare 1t has not been found,

It 15 ulso absent in tha Shrbpéhira Union eannl and fron
, ita‘&hrawsbury nnd Jlengollen branchas, B
' r‘.;EtFOC¢upgzi§‘sgyaralhioeaiities in bhoth the -

shrﬁpahira Union ond the Trent and Harsay conals nnd
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their junmction branch in Cheshire, in saveral localitles.
It has not been sezrched-for oxtensively north of the
line from the R.Marsey to the ¥ash. Thase Northern
¢ansle ares main canal systen Joined to the Southern

by four branchas:  Tho R.Trent, the Macclesfield canal,
tha Dridpawator ecan=l and the Manchsster Ship canal,

The first three menticnad branchas have baan sampled and
Li&ﬁzziz his been found to ba absant frem them. The
Ship canzl has not bean samplaod, hut in view of its .
hiﬁh'salinity it is considarad unlikaly that nny freshuater
Bpacles is able to survive there, Yt nay thus
tentatively be coneluiad that L.corvix is cbsent from
“the northern canallﬂystem;- Tha pattern, ns shown in
3183‘12, of two rastricted aﬁa diseontinuocus areas of
dstribution is thus con’irmed by this more detailed
surva Yo | : . :

There appear to Lo thres porsible explnnmtiohs for
fuch a pattern of distributlion,  The first of those 1=
thet at gome rravious tine Je.ecarvix had a nuch vider
distrivution in tha deaper, slow flowing rivors and due
to incrensed organie poliution it hns row baeone -
Tostricted to canals. The min obisction to this theory
18 that cannls are Praquantly nore rollutad than mony -

Tlvers.  Iimnodeilns carvix is presant in canals in most

Btares of pollution (pars.ohsvn.) Gven 1f this vere

trug; it nisht be expacted that tha spacias would be
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found in some rivers not nscessarily connscted with
the canal systeme It will be shown that this is not
the casa, A sacond pocoible explanation is that phis
specias exhibits an acologleal preferenca for deep,
8lew blowing fivers, andAthat it_haS»spread into canals
&8 thase provide a similar type of habitat, If this
ware the cass it would be expected that the specles
'Shculd_occur‘in rivers of this‘nature, and possibly
'Glso in canals outside tha main systen. Hafarance to
g, 13 shows that this is not so, - Outside of tha
nain @angllsysten;collactions have been mnde in the
Yaath, Svansaa, Bracon and Abargaverny, Fridgewater
(Somerset);vbancaster ard Laeds and Livérpool canal se
Collections ﬁavg also been n~da in the folloving large
‘Tlverss- Tamar, Dart, 3xe, Hempshira Avon, Test,
Blackwatar;AItchan,;Hoach,,quudh;Chalmer,Stour{Lea,\
Cuse,lNane and fen drains, Wallend, tributariss of
the Thomas and the Thames above Oxford. It has not
bean found in any of these cansls or rivers. It is
8150 absent in all the rivers and caﬁals go far
8xaminad in Ireland,  Accordingly, this thaory is
Tejected. o | i _—

| The third possible explanntion is that Lecarvix
13 not m nat%ve_spacias but has'béén introduced into
Britain and is now spreading slowly throush tha cansl

'SUSﬁem. Outside Britain it is known only from U, 3, A.

(P.3.7). It nay be significant that its two aTrans of



distribution in Britzain are based on the transatlantic
Ports of Liverpool end London. ~On this theory 1, carvix
is 8%111 only in the eaily stahés of introduction and
is only beginning to spraad from the canals into the
Connecting rivars. It has not yet had time to spraad
into rivers or cansls not closely connacted with the
hain systens, and its noted absence in these bodies of
water is thus raaedily explicable. The distribution of
Lecorvix shows a vary similar pattern to that of Gammarus
tip inus, end it was concluded by Hynas (1955) that this
Spacles had been introduced from Worth America. To |
the author this theory appa=zrs to be the nost nlausihle
of the thres, as it satisfactorily explains tha known _
distribution of the spacies. It is therefore coneluded
that L, eorvix is a North Amarican spacies that has bean
introduced into Pritain within domparatively recant times.
It i3 also possible to connidar the sites of
introduction. Since the two areas of distribution are
distinet and discontinuous it is suggested that two
- Introduetions have taken placa,  From tha widar spread
Of the spacies in the nidlands it would appaar likely
that this was the earlier intrdduction of the two. It
Would seam 1ikely that the introduction took place into
the R.Thames, probably above London eince it is absent -
from the Leae Navipation eannl, From the R,Thermas the

Srecias could have entered the Crand Tmien eanal at
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onq arn say on ml, mnd bﬂc:: " ,.c{ﬁg it in the diraction n",

P‘W'zrn. ,”“ﬁ.s *Mrm sion 4 in rmf‘emﬁ m ﬂwq* oi‘ 1tn
dirgot nn'?“;f *ron tho wxih erned o, 1;%0 Trant end I‘arsm;
Q'm'ﬁ vin tha ?“:‘.’Lr(mwwr:r cmvﬂ, na it }w'} :'0* 'fwmn
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found in several samples from the latter canal., This
appaars %6Jba.the 1imit of the Uqrtﬁwastern”distripution
0f Lecarvix, at prasant. It has not apread into the
Northern canal SJstem, or nﬁy farthqr;Sonfh alon: the
Shropshire .Union or Trent and Marsey canals or any of
t@@%r branches, It nmust be‘emphaﬂised‘that.éugh, :
Conjsctures must inavitebly remain hypotheticnl, .as
it is;virtﬁally.impossible to-rrove conclusively that.
8 8pacies has been introduced.- Neverthsless, it is
the opinion of fhe author thét this is the only
9xplanation of the distribution of L,cervix in Britain
" that smbraces the obsarved facts and satisfactorily
8ecounts for then, ; s - ,
The implications of this theory 1n 50 far as it h
concerng tha taxononic oonfusion batwean L,cervix and
Leclaparadsanus has been discussed elsewhera (p.2.37).
It 1o sufficlent to- -state here that.the knowla'ga o* tha
dletrivution qf‘L.carvix as conpnred with that of
Leclapnradeanus was of consi&erable.halp in the
r°°°531t}on and: ssparation of the two spacles,

Limnodriluﬂ halvaticua

| The distribution of this Species on a vica county
b"sis is shovn in i, 12b. Conpqrad with the 1args
arﬁﬁs atamired 1t 13 o%vioué that its diatribution in
Britein s very raqtricted. It is ¥nowm, in fact,
Trom only three loealities, sll on Mirseyside. In



Gheshira“it oceurs in a small pond at Raby (for
Tull daseription see chapter 5al). It has not been.
found in othar nonds in: this looality daapite an
intensive search. In Lancsshira it is Jmown from a
111 brook at Ditton (for full deseription sea chapter
Sel) a@djfrom the Laeds endgL§ygppqo}véanal~nsar‘Burscough;
The two Lancéshiré loealities are closely connactad to
the Rellersay and tha port of Liverpool, - Tha Cheshire
pond, hounVef;miéwah:iéolétad'1ocm11ty about five niles
from ths R.Marsey and without any water connaction to it.
In continental Burops ond Asia where this -
Spacles 1is more common its typlcal habitats are deep'lékes
(Piguot and Pretscher, 1913; . Piguat, 19193 - Poltovskoi,
1961) or large rivers (Hrabd, 1941; Jaroshenko, 1957).
It 15 Oceasionally found in small. straams (Pipuat and
Bretschar, 1913; Brinkhurst and ¥ennedy, 1 9693)."
has not bean found in any of the British lnkas so o
tar exanined (Prinkhurat in press b) Ita occurrenca
in such n rastrictad aren and in sites so unlike its
normalvhsbitatkis not raadily axplicabla. On the basis
°f the peculiarity of these habitats and their proxinmity
t° a lar~@ nort 1t 18 tentntivaly surpested that
E&b@lvatipus may ba an introduced speciea in this )
°0untry, although there is verJ 11ttle aviﬂan;e to :

sunpo + this suggeetion.
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b) The Alstribution of nthar sracies,

The remainins threas srecias of Timnoirilus to

Occur in Britain anpaar to be native to this country
and thair distributions show no paculinrities, The

distribution of J,hoffrmaistarl is shown in firil4a,

Lendakenionmsa in 141 and T.elararedannua in l4e.
' Az nisht be exractad from such a cosnorolitan
8pscles as L.ho?fmaisters its Aistribution in Britain

shows no evidanca of a restricted pattarn. It has been

~ Tound in nll nrens invastigated, and in the opinion

 ©of the author 1t will be found in suitable sites in all

the renaining areas whan they are searched.
- The distribution of btoth L, ulakemianus and
laelnnaredganus is patchy and rore local. Both species

~;3?ercenern11y scarce in habitats whars thay occur;(and
are conéeduanfly mors likely to be ovarlooked. The
‘diatribu@iqg of both spacies is vitaspraad, howaver,
and 1t is considarad 1ikely that they will be found to
Occur in rost arans whan thass hnve baen ssarchad more
thorouchly,

b) T3 NISTRIPUTION 07 nmmmn o RITATION ™0 IS
20010 GY

Ecologicél studies on the Tubifieidas have besn
hampared by difficulties in the 1dentifieation of

Bpaciruns, ©Suech ecolosical information as 1s avnyyadle



il Futiente) 14

hoffmeisteari, 1. udekenienud

Tay
¢ distribution by vice counties of e

as
2 1., elamanedsespus in Dritaitie

A
seaes 1, hntrmedistert

B,
sanne 1, vdokanianud

¢
Yeosn Lo Alaparedennud

Logend ea in figure 12.






has recently been sunmarised by Brinkhurst (in
prass, a and b), lls concludad thnt for most speciaes
thare is no apparent relationship batuoan tha praéenca'
Or absanca of a specles end any known faetors in the
physical or chemical nature of the onvironment, - Ha -
Sugsested, however, that the nature of the suhstratun
mith infiuéhce the abundance of a spacies ina
Particular habitat. | o . , .
In th@,present study particuler attentlon is paid
to the distribution of Iirmodrilus 4in » number of

habitats, . Faw attanptse have:béenvmade to daternine the
abundanca of Lirmodrilus in relation to thg nature of |
the havitat, although this was orisinally intended,
D@tailed studies on the distribution and abundance of
8racles of Ltmnodrilus within a particulﬁr locnality
(diceussaq in part 4 of this section) show that a

Considsarahle ranze of variation may exist within an» _
8pparently uniform habitat, It was avident from these
Studies that the relative abundance of tha sreclas in

8ny particular loeality could not ba daterminad from s
sinﬁle}sample and that a large number of senmples would bae
Tequired,  Vithin the time nvailable for the prasent
8%udy it proved inmossible to exanine large numbars of
?ﬁmples fron avery loenlity viéitéd and so the
Mantitative ns pacts of the distribution of Ltmn@dvilus
hawa 1argely baen ipnorad. |
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In tha followins account the distributions of

 Lecervix and L.holvaetiens are not considered in mny

. Tors detail than is pivan to tham in tha yravious section,
As both spacies still appaar to be at the immirration
.Btage, thair absence in nany of the habitats examined
in Britain can not be resnrdad ms sirmificont or as
Proof of their inability to survive therb.;
1) The_distribution nof Timnndrilns in relntion to

ths natura of tha habitat, o
8) The_ distribution of Limngdri;gs in rivers,

-~ There is relatively little information available
in the literature on the distribution of Limnodrilus in
rivers, = Hrabd (1941) gave detoils of colleetions in

the R.Danube and summarised the 1iteraturs on sevaral

Buropean rivers, He foupd'L;hoffmaisteri t0o be mmongst

tha tan cnﬁmonest spacies, wharenas L, uiokeminnus and
ﬁx&lﬁn:gggggggg occurred only 1ocn11y and naVar abundﬁrtlj.
, Ha aleo racorded oncasionql peqinans of T.halvaticus fronm
the R,Danube., . Doisen Rennike (1n Parg, 1048) found

Leho?fmatsterd occurring in a1l types of substrata in the

R.ousaa, but sparsar on snnﬁv substrata.. I, 119akanianns

and L.c1~nwredeanuq oceurrsd ra raly during tho Susea
Burvay,

- Szezepanski (1953) tried to ralate:the distribution
And abundance of the tubifieids in the R.Vistula to
the~type of substratun, lla econcluded that T, hofnaisteri

18 a udiquitous spacias, wharass I,udekaninnus and

E:°lapﬂredganus ars rastricted to a permanantly muddy
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substratun, Althou-h L hoffmainterl is the dominant

Srecies of the goenus in the rivar, its numbars decline

on a sandy substratun, lle consildarad that the connosition
of the1bottom’fauna in tha river wns the result of two
Drincipie'interdependant factorsy the hature of tha
substratum end the valocity of the current,

L The above conclusions are confirmed by tha anthort's

own collactions (table 7). ILirnnArilus ho’’maisteri

Occuré rmora frequantly than eithar of tha other two
Spscies of Jinnodrilus in anch type of habitat, and
°°°urred in 51 out of the 57 loealitles sanpled.  The

occurrence of both L.ulakamnianus and L.clanaradannns

vas local, and showed no correlation with tha nature

O0f tha habitat, LimnoAritus hoffmaisteri occurrad in

2l types of substrata, and appaars to ba the nost

abundant specias of Linnodrilus.  The other two specles
raraly appeared o occur ahundqntly.

'b) The distrimtion of Timnodrilus in 1nkes, -

- Irinkhurst (in praess, a oand b) in a review of the
bi@locy of tho Tubificidas in lakas stated that in genéral
there saamad to be no corralation betwaen tha presence
°f specias and the physieal and chemical fretors usually
8stirnted in lakes, A datailéd study of the distribution

of Iimnodrilus in leokes eonfims his eonclusions.
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The digstribution of JTirnndrilus in the Swiss

lokes has been cummarisad by Pipuet and DBretscher (1913).

Lirmodrilus hoffnaistari occurs in the majority of the

lakes survoyed, L.udeleninnug, L.elonaredannus and
L‘ha;vaticus in only a few. No clear pattern emarges

?rom tho preqance or nbsence of a apecies and the trophiec

Btatus of ‘the lake.  Thay show, however, that T,halvaticis

oceurg mora fraquantly in lakés than in nny other tyre
of habitat, en oboervation confirmad by Pimuet (1919)
in his studios on Swadish lakes,

, l The Nanish lakas hava baen studiad by Berg (1038)
and Dunn (19%54), but 1n both works tha id:ntifieations
of ths tubificids are not always correct, Some of

.th@sﬁ:have been corrected by tha nuthor, - Limnodrilus

hoffmaisteri s shown to ba presant in eutronhio and

olirotrorhie lakes, but thara is no evidenca of it oceurring

in dJStrophic onas, Timnodrilus udaleminnug is knoun

only from the very eutrophic‘la‘ Asrorn. Naither

Loclnnaredeanuq nor L,hglveticuq was founi in any of
the 1akes survayed. | |

A swiary of the Aistribution of Timnodrilus in the

British lakes has baen fiveﬁ by Prinkhurst (in pross, a)e

Linnodrilus hoffnaistert occurs in thae nﬁjority of lakes

Surveyad in the Loke Distriet, but is absent in tha nore
®ligotrophic lnkas in tha sarias, as 1mrae all tubifieids,

LiﬂﬂOirilun udglamianmea and Timnndrilus el raredennus




arg aprargntly absaent fron all the lrkes in tha-
goeries, In the more outrophic Shropshire mares

investizated in this survay I.hoffmaistari 43 nbsent

in only two out of tha nina survgyad, L., udakenianus is

only present in four of them and I, elararedasnus is

absent in all. In the ona dystrophic l=2ke exonined

no tubificids were found,

Thare are evernl studieu on individuql 11kes.t

Jusat (1958) found L.hnffisistari, L.elannradasanus and

Ishalvetiens in the Ldman, but only the first occurred

abundantly, Yoddubnaya (1960) found all three spacies
and l.udakenmianms in the Rybinsky resarvoir, bdut

Lehoffraistert 4s the comionast sreacies,  Drinkhurst

(1963a) found only L.hoffmaisteri and L.ndekaninnus in

vsamplev from L.Magziora.  Lastockin. (1927) failed to
find any species of Linnodrilus in dystrophie lakas
ﬁurvayad_hyuhim.

Two studias in vhich an attempt hns been nada to

Tlate tha presenca of various spacies of tubificids
to the eltituda of the lrke deserve attention, Bretscher

(1903) shovad that whilst T.hoffmaisteri is a conron

Spacias in lakes up ‘to 700 m, above sea lavel; above
this hoisht 1t is of very rare occurrence. Hrabd (1938)
Studiad the tubificid fauna of tha hish Tatra lakes and

Tound that Jimnodrilus is absent from the highest ones,
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Tha following eonsclusions nny ba tentatively
drawn fron thesa observations, All spocles of

Linnodrilus are ahsent fron or rarely occur in

) dyetrophie lakes, b) extremo olijotrophic lakes and
¢) lskes of hish altitude, Lirmodrilus haYvaticus

- 8rpaars to be more cormonly found in lelies than in
any othar type of habitat, and may be considarsd to be

Primarily & lacustrine species. - Limnodrilng ho?fmaistardi

Occurs in eutrophic and some oligotrophic lakes., Its
Presence cannot thorafore.bo held to bo indieative of

the trophic status of the leke., Jirmndrilna udekemisnus

Occurs nora frequantly in eutrorhic lakes, althoush it

is tlso present in soms oligotrorhic oness  Lirmorilus

lannmdannus, on the other hand, hns not bean found

in any eutrorhic lakes so fer surveyad, Thare doas not
8prenr to be ony correlntion botwsen the sirze of the
loke ond the p"senco of this spaciss. It occurs in
bOth lorea and smll Swiss lakas (Piguaﬁ and Bratschar,
1913) and is absent from larpe eutrorhic lnkes. It is
also nbeent, hon@vcr,_from riany of the oligzotrorhic
lekes hare survayed, espacially the Dritish onas,

The prasance or absonce 6f this speclas noy thefefors

ba Tolated to some factor, s@ch es the nature of the -

Substratun, other than to the trophic status of the lake.
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2) Tha dintrihntinn of TimnnAriiug in realntion to énlinity.

o speciéq of Timmndrilus is known to ba able to

Survive under marine eonditions, Tha genus as a vhole
18 strictly fresh uﬁter in its distri?utinn, but thara is

8vidence thnt I,hoffmaistari i1s nore tolerant of saline

or brackish conditions than othar spaciass of the ranus,
- HMoorqa (190%5) recordad this spacies (ms L, snhsnlsus)

in astucrine waters that becanoe brackish:at flood tids,

Chen 01940) racordad it asvﬁ.quipicvé 1n frash watar

boGies alonm tha LR mhore whare tha aﬂlire content of
tha watar was undoubtedly hiﬁh. brinkhurst and Kennedj

(1962) recorded T hntfmaistari from aalina conditions '

1n,§n sstuary in thae Isle of han.‘\ Yermady (1964)

Tacords the prasanca of this Speciaswin_ditches inAa
Naring sqit marsh._ Thara is no eviéqncé'thht other
Spacles of Limnodriluq ave abla to tolerate s'aline~

Conditionq.b

3) Tha Aistritntion and nhunﬂwnne n? LimnodriWus in

ralation tn rollution,

8) Ormnis wollution.

The effaet of organic poilution\onvtubificids
hAs besan descrived and sunarisaed by Hynes (1959,1960)
&nd Brinkhurst (in press).: The following eceount has

baenvcempiled fron thase works. Limnodrilus ho?fmeistaeri

13 one of the most rasistant spacies of tubificids to
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organie pollution, It is one of thae last two

Spacies to disappenr when the dagree of pollution réaches
a toxic level. It is alco one of the first sracles to
re-appear in the recovary stares. | Vhilst it may‘be
absent immediately balow & source of pollution it

nay reach very larca nunbars in the recion vhera its
Predators are still absent. '

I.imnodrilus udekeninnus is only slightly less

Tasistant to orgaonic pollution than L.hbffmaistari.

Its nunbars inerense with thae dagrae of£p011ution; but

it disappaars before and re-appasrs after L.hoffnaistari,

Tirmmodrilus elavnradannua sasms to be nore

Sensitive to’pollﬁtion and to occur mrinly in.unpolluted
habitats, It appanrs to ha able to withstand slirsht |
pollﬁtien, but probably oél& if the oxyren level is _
hish, Little is knowm of the tolerance lavel of L;carvix;
but it is corron in rollutad waters in U, S. A, (Prinkhurst
Pars,corm,) MNothing is known howvever of the relationship

batwean 7. halveticus rnd organie pollution,

b) Inormanie pollution,

The e?fact of haavy netal lons on Tuhifex was
Teviewad by Jonas (1938). The identificntion of his
8pecimana is somewhat suspect and it 1s probable that at

laagt ona spaciaes of Limnodrilus was prasant in his

Collections., Ha showed that copper was lethal to
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tubifieids, dut thﬂt the relationship was a conmplex

ona and that tha prasenca of other ions could greatly
influanca the survival rate of tha specinens, A

nore diract effect of copper was‘shown by Pantelow

and Butchar (1938) in the R.Churnet., Hare, irmadiately
balow an effluant containing coppar ions no tubificids
ware present, wharsas thay were fairly common nbove

the effluent, A survay on tha gamaﬁriver waa carried
out in 1986 by IIre J. B. Laaning, and the suthor was
kindly rormitted to exnmine tha tubifields collecﬁed"by
hin, A similar pattern to that observed by Pantelow
and Butchaer was found. Above the affluant T,hnffmeistari

vas one of the corrionast spacias of tubificid, but

IsUdakamianus also occurred in small numbars. Irmmediately
balow the effluent no tubificids were presant,
Limnodriive hoffreistari was one of the first species to

appear downstreon but L.udakeminnus did not apmear for a

eonsidérable distanca,

Th@ affact of lead and arsenic upon a tubificid
Population in Raby pool is shown in table 8, althouch
hera it nuat be emphasisaed that the evidence fop the
inflvance of the matal ions is circumsturtia1. Datvean
Mﬂrch and July 19(2 tha naen nunher of sracimens nar

Sanple fluctuated, but no pattern was observable in

these fluctuations. From late July to Octohar the
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.. TABLE 8

" Month - M M A M M I JI JI A S

The senasonal chances in abundanes of the

: tubificids in Raby 1ool.

1962 . 1963
| O ND E M AN

S 14

nunber of

 SrecirmBS 89 (116 T7 100 33 135108 T3 64 551325 68 12 4 10 3

sagnnle | .

Tha foilox-iing»gpecies of tubificid were pmse_nt‘in“”“the poAnd_:'-

L.hoffnaistori, IL.helvatiens; I,clararedannus, T.tubifex,
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; “ODUlation decreasad in size, Datween October
- 8nd Novenbaer a further decrease followed, and £rom
- Novenbar until the termination of the samplin-~ prosramia
in May 1963 tho populstion remained at & consistently
low level. The cﬁ.ze of the vopulntion in Narch,
April and May 1963 was considqrably snailer than in
Vthe corrasponding months in 1962, It appanrs that
Some factor cama into opsration in Octobar 1962 whan
the oize of tho populntion was already daclining and
Oparated in such a nanner that the"deélin@'contihu@d
into Novamber and m2intained a low 1évu1‘unt11 the
_ternination of the sampling programme, , ‘
‘ This factor 1s t%ouwht to be inorganic pollution
dua to lead arsenate. ?he pond recaives drainane from
an adjoininp oolt course. In October‘lnéz purts of the
Course were dress sed with lead arsanate to remove
earthuorms. In the followinz mnnth the size of tha
tuhificid population in tha pond dacreased to a vary
low 1avel and saveral decaJin specimans wara obsarved
in tha sampla, In Fabruary, 1 9&3, it was nppqrant
that the population qiva vas beinp nointained at this
IQWBr 1evel than in tha pravious jnnr, hut not until
”“rCh wag it reali“ad that the anf course had been
with towio chemioala. Uhen this was appreciated a
Sonple of the substratum was analyssd, but the

Tesults d4id not show either laad or arsanie to be prasant,

F
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The testo for lead and arsenic are complex, and this,
together with the probable ninute concantrations of

the ions, may explain vhy the results were nesntiva,
This oanhot; hovavar, ﬁeAfakan as conclusive proof

that the 1ons ware absant. The colf coufsé was not
dressed in 1961 or 1962. Tha hirhor danalty of the
Populﬂtion bafora the application of this toxiny the
decling of the populqtion; thae préeence of decaying
_Specirens in the month followinm its aprlication and the
rersistent low level of tha populatian in the subsequent
Nonths 211 susrast that lead arsenats was the faetor
res?onsibia for tha daecline in the populatioﬁ in the
Pool. There is no direct eviderbe‘for thiw; howaver,
so it cannot be proved conclusivelj that this was the

factor responoible for tha ohqarved rcpulation decreass.

4) The distribution o Linnoaviluq vifhin a sin~le IQCQ1ity.

In the preceading sactions the distrihution of

E&mnodrilus in saveral habitats hns baen conqidarad, and

an attempt has baen made to ralate tha prasance or
absanag of %1mnodr11us to the nature of the hqbitat. In

———————— -

thig saction tha distribution of TirmmnAriiug uithin a

8ingla localitj is considered in detqil hj raferenca to
8tudigs in three diffarent ritea.
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"he f£irst of thosa is a study of the distribution
of tho tubificids in Swant Ma ra,_a snall eutrophic lake
A daseription of the nara and 1ts vaaetation is riven
by Sinker (1“62). Sevéh.éémplés ware taken by means of
an Ekman grob at differant depth stations in a gingle
&ftarnoon and all tha oligochaetes fron oach sﬁmnle
BXf’mined. __ The rosults are shoun in table 9. .The
Vﬁﬁﬁtatian at each station diffarad, but tha . substratun
was sirniler at all stqtions ‘and differed principally
in tha amount of vepatable datritusipfﬂsént., Novartheléss
the relative and absolute abundance of Lehoffraistert

aI‘ied cansidarale fron station to stqtion (tahle 9b).~

The relative abundancs of 7., hnffmeiﬂtari ‘variad fron

Oso¢. o 63.5” and tha nbsoluts abundiancs frnn 0 - 106 par,
ah in the COHruG of seven sthlee.   Thnre 18 no.

VOBV1oun correlation betxnan thera vqriqtions and the
hature of ths substrﬂtum, the veﬂetﬁtion prasent or tha
dapth at anch station, Thus, in an appaTently uniform
habitat in which only two specias of tuhificid are
Presant the distribution and. abundnnce of eaoh species
nay VarJ in a nanner unrelated to any obsarvable i, |
}chﬂrﬁcteristic of the habitqt. ‘

The second locnlity atudied was ths R,Thamas at
Readinz,  mourteen speciesvof.tubificid ars known to
- %Cour in the rivdr in this ragioh. - A survey by

Brinkhurst (1960) showad that in fonr transects seross

the river there is no'apparant rolationship bBatwean the
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The tubificid fﬂnﬂﬂ of 7H@ﬂt Iarg on T

;5 July. 1Qf1

”ﬁ):ﬂequin*inn nf tha cnllectinf qtqtionq

"‘Stﬂtion : ‘nsnth'

1. Dyrha beds 2 ft.
2.1 ;mnhamw beda 8 Py,

F3-~0aret beds ¢ . 145 f£t,

5 Zuphg bads ‘3 :L't.

6+ Typha beds . »3.5 AT

27; Open wnter  6.0 ft. :

h),ihe narcentana wnmnnq1%§nw nf the tnhificid fﬂuna. -

4 Nymrhesn beds 2. ft.

nﬁﬂcrintion of substratum

’ﬁ‘Fine nud and Tvnha debris
3°‘Fina mud but 1953 debris”

- than in 1.

. PFlrne mur!i large amount of
A

nt debris ;‘
" Pine hui little dabris

‘ ijine mud, 1Prwe amount ot

“plant dabris

) nt abris.
"‘ine mﬂ little d@hris. |

“h@oies

M

Limnmrnus hoffmaimeri 60 0 63 o o 0 50.0 63.5

Buiy Vndrilus harmoniamm 4o.o 37.0 o o 5040 36.5 100

Total number et sneciman@

L2 .1 4 .«).‘2 & VA
0.0 14,0
£6.0

T oam o 8 6 9

,AFine muf'i 1nrns anount of |
a

43
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Presanca and absence or abundance of a speclaes and any
of the physical characteristies recorded at ench station,
His results are confirmad in the present survey. In

table 10 the relative abundanca of each species of

Iinnodriing along a single trancaet in the R.Themes
(rasults from all stations conbined) is shown for two
Successive yaars. The relativa'ovaraliAabundanee of

each spacies, excapt J.ndakeninnug, was very similar each

Year, dospite the praeater number of specimané axaninad

in 1962, The increase in the relative abundance of
Eaﬁdakemianus in 1962 15 due to the inclusion in this
t?aﬁéécf‘df a station not aampled in the pravious year
in whidh‘this‘specias occurs abundantly. The relntive
abUhdanQé:of éachrspecies at_aﬁch station on the transect,
hovaver, differed in tha two ysars (table 11) daspite

the constancy of the rolntive ovarall abundance. Yo
P&ttern‘is discernible in these differnnées, - There is )
nOIGVidence of an incranse of nny sreeles at all stations;
POr of all species at any one station. Thus in a
Non.uniform habitat.ths overall proportion of aach
Spacias grasent rennins fairly constant in successive
Years, but the proportion of each spacias at each 3
Station may differ in a manner‘that_cannot ba corralatad
With any observable physical charactaristics of the

. Merochabitat,



TABLR 10 =

~‘Tﬁa‘ra1ntiﬁeVnhuﬁdanoa’of the snaclaes

0f TirmoArilus nlons a transact acroag

" tha R.Thrmas nt Randins,

Snacias

L, carvix s
Lohofmaistars .

‘Ls 21 'maradaanus

Lisudakeminnus

‘Linnodrilus indet.

m_ :
10tal numbar of
Sp8cimans exiul

AbunAanca n? anch aracias exrrescad

“ns° A pareantare. of the total numbar

of aracimans exsminad, .

‘Ngeamber 1g§lw~u;" .Naeambar 1062

Y T X
- I
3.7 21.4
9,2 . 116

s
& * * h
Y w
H



TARLE 11

Tha ralativa abundanes n? tha syraciag of

~ Limnodrilus at aeach station alon~ a transect -

neross the R, Thamaa at Rayadiw:.

Decamhar 19%1 “

Sraclas Yarda fronm NortéBr»;nk "
"‘““‘"‘“ | 15 1 m & 12
Legorvix 10,0 5.8 0,0 8.3 9,7 6.0
Lohoffrmaisterd 20,0 1,7 20,0 &3 19,5 28.0
Leclansradennms 12,0 3.8 ‘5.7 16,7 2.4 2,0
Lindekomianug 0,0 9.6 2.9 0,0 0,0 6,0
Limoariing indete 2.0 7.7 17.2,25.2 12,2 6.0

Nunber of gracimens 50 52 S35 12 - 41 Y
Sxanined - S

Dackirber 1062

Specles . o o Yorda from North bank
L 32 X » & 12
Licorvix 2.6 4,818.2 361 12,5 0.0
Lihotfrotstors 5.2 43.410.412.7 107 45
Liclanaredennus 0.8 2,4 1.3 0.0 0.0 3.5
Ly ek cominnug 0.0 0,0 0,0 0,0 0,0 66,5

Limodritug tndes. 's'é T2 17 6.4 3.5.7" 6.5

gumbar of sracimans 116 4" 77 AT 64 200
SXaming EE :

The abundanca of each spacies is exrrassad as a parcontace
Of the total nunber of Specimns of 2311 spacies exan niinad.
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The third loeulitJ studied was a snall
tributarj of Ditton brook. All szmples waro taken on
ona day,. :”hree stationa (4, B and C), appro: xinately
25 yards apart ware chosan. Obsarvation ravanled no
Aiffarences in the rate of flow or the nnature of the
Suhgtratum batwaen each stntion.,  Five samples were\ ‘
takan at eqch station; ona in the eantra of the stream (3),
ona on either sidae, balow vatar 1evel {2 and 4) and ona
on eithar side at water 1evel (1 and 5), A sinale
somple, T, was taken in the centre of the strean.whera
1t enteragd Ditton brook. The percentace connosition of
tubificid fauna in ench sqmple, basad on the etnnination
of subsamplea of 100 rpecinans, is shown in table 12,
With the exception of B5 and C5 L. hoT?fmeinteri is never

the doninant spacles. Apart :fi‘on thess two smhlea the

rBlative ahundanca of L.ho*fneistari varias from 22.0p -

48, 0” " Thera is no evident corralution batvean the relative
abundance of each spacias and the position of tha sanple.
thartheless, a statistiecal analvsia of thase results
Shovad that tha probability of thn obsarvad distribution
anq abundance of thase two qncciee baing due to ch“nce
Alona was less than 0,001, Tt ‘1a evidant, thareforo,
that somae factor or factors, 8s yet uniatected, influence
thﬁ distribution and abundnnee of tha Sﬂacias within this
1°0ality.,; ‘ |

In oontraqt to the “ituqtion in the R, thmes, soveral

Buthors, notabtly Rzoska (1936), Szezapanski (1953),



TAHL& 1?

The nernentﬂm mmmﬂiﬁ'ion of tha Tuh“’inid v

founq of n ﬂ»qll twihntqrv of Uifton Brodc“

on 21 Hover"hrzr 10(’0

Station  Ssmple - - Tubifex tubifex ILinnnadrilus
Tio nmaf‘)feri

s 1 o s29 45~6._
2 560 440
3jj ’:70.Gi . ‘:»‘;1‘3¢.Q,A )
4 561 438
5 ‘75~°,': o 22,0
B 1 652 "_3,4;0
2 640 360
o g e
4 ‘§o,hn -  h" '4020”
| 5 386 624
¢ N | 55.‘;';'  42.‘”45 )
> 579 421
3 Cs80 420
4 61.8 \“v? ':,38;2
IR I 66;;1 - 33. ﬂ

An analysis of the shove rosults gava ‘a c‘112 valua oi‘
64 456 to 15 daarees of frocdow.' The rrobabilitJ vﬂlue
VQS 1ens thﬂn o 001. . R o o
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Dalla Croce (1955) and Grigelis (1958 1961) h“ve noted
correlations hetwean the presenee aend abundance of ,
Species and the natura of tha substratum witlin o sinﬂle
locality,  Szezepanski (1053) and arigelis (1061)
considered that the subgtratun vas the most imrortant
factor in dataxnininb tha distribution and abundance of
tubificids, Tolla Croce (1955) studied the reletionship
in cons idarable datail and olnined to have divcnvered a
Causitive relntion ship betiaen the qubot stun and tha
ahundanca of tha anecio 'i BrinLhurqt (in DX ras5s ) has
clainad urinw Nolla Croce's figureg, th"t no Juéh’»
relation chip exists. | |

o It is evident; then, thﬂt within a single locality
thern nay be a qunerficinl ralationohiﬂ Batraan thn prasence
0f a spocies'énd the nature of t&a 3ghstratu@. nore
“Sua11y it Qppeﬁfs that bq‘"uch raléfionghip etists._
Within a hon—uﬂiform or o k,pnrcntly uniform hqhit
the Drowortions of tha "wacies rrn"an* mﬂJ'vwry in a
“anner unrolﬁtad to any thﬂical c%%“~ﬂteri~tics ‘of tha
habitay, Over long rariods of tine tha rolntive
broportions of tha specles nay ranain corstant ﬂlthouﬁh
8% any one tina conoiderwhla natial variation ney ve
I““nd“ , The existance of ouch a 1arra daﬂres of varinbilisy
witﬂin o singloe locali Y rraaents nany rrohl:ms in the
Belection of a suitnble sampling techniqua, a point
vhich i1l ba diséﬁssed rora fully in chapter S, It is
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evident that a single sanple nay give a totolly false
Pletura of the species present and their abundancs, and
that sevaral samples nust be token in each loeality.

Tha labour involved in this procedurs has rravented

the abundonce of LimnoArilus being conscidared in the

currant saction,

¢) MISCUSSION

- One of tha mujor aims in the prassnt study was to
detsrmina whether any differences existed in the distribution
0f the speeles of LimmnArilng, The problen has been

Arproachad by studylng the distribdution of Linnodrilus

in arga s of pPOFTGSQiVelj dacranaing Pige,_nnd by attemntinp |
to discover the factors responsible for the distribution
of each spacies within each aran,
A study of the gaographieal distribution of the
fenus showmd thnt some npecies ware:appmrgntly'?estrictad

Yo cartain zoo-gsosraphieal rezions, while othars ware

Commopolitan. The distribution of I, rrandisetosus and

~£&§90tfnpicus, tho two nost rostrictad épecies, was

ot considersd any furthar, The ramalnin~ five spacies

of the Sanus oceur in Iritain, - A study of thelr distribution
in thiﬁ country snepasts that two of them havoe racently

bﬁen 1ntroduced,~ Limmodrilus carvix appanre to he a

“ﬂ&rctic species now sprandine throuchont tha ennsl systenm
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and Lohalvatious a palagnretic smaelas, hitherto confined

to the continantal mainlend, hut now established in Britain.
Since hoth spacles stilll apmoar to be in tha immigration
Sta:e of invasion their Aistribution in Pritain was not
considérad any furthér.  The romaining three specles

are widespread throuchout the country, btut IL,ndakeminnng

and I, ¢clanamdaanmis show evidence of baing patchy and
nors loeal. .

- The ralationship batween the distribution of thase

thraa spacies and the ablotic factors of the envirommant
vag thon considared in detall,  Correlstions hnva tean
nofad'hetwesn the dlstribution of the species and some
Shemienl factors, such ns salinity and matal lons,
Maspite the existanca of such enrrelations, ho-avaer, 1t

is 54111 not possible to raco cnise the hahitat preferences
of sach spaciss. All three erCieB occur in all types
of hahitat exoninad, althourh the oceurrence of

L&Bdakaminnua and T, clanrredarnus was more sporadie than

that of L,hotfraistari, Thae atteompt to rncopniua

hahit&t prefarancas was considarsbly hamporad by the
inability to conslidar tha abundance of each sracies in
Sach habitat, 'Studiss in the literature sugrestod
that tha naturs of tha ozbstrqtum nizht be of importance
in this respact, as correlations batiaan tha nature of the
&uhstbatum and the ralativa abundanca‘of‘aach sreolies

have baean noted by ruthors on soveral occﬂsiohs.
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F°ctore liniting the distribution of the parma
as a xhole waTo noted, but it provad inﬂow)ihle to

chogniﬂs faetors that linited tha dist“ibution of

1ndividu11 Sﬂecia Thnt ruch fantorq must exi t is

evident Pron the rest*icted distribution oi T.nﬂe”eninnus

‘ond L,olnrnrcdsﬂnus. ’ ”he absance of v@rospecific

'FODulﬁtions of aither of thase two spacias succests that
tneir acological raguirenaonts nay bg the sana nas those

Of _Ig_hm”*”'wintﬂri but that their tolerance linits nay

heumora rsstricted. It appiars, thah, that with a

Taw excepﬁions; nbiotic factors nra of 1ittle inrortance
in daternining the distrivution of the sracles of |
Eiﬁnddrilus; This is confirned byAétudies in npparontly
}uniforn.habifqts in which iﬁ vas shovn that ube rélative
ﬂbundance 0?f T, hoffraistarl in purticular voried in a

iﬁdnnar unraletad to nny ob°erved abiotic factors, but
that sueh varintions 1mre unlihaly to bo duo to chance
“lﬂno.“ '.ven 1n an obviously nop-uniform hnbitat it
Was found that, dasnita a uﬁerfici"l aprenronce of
‘&habilitJ, the reln tiva nbundﬁncs of a1 thn s'ecias

0f Tirmodrilus and thair distribu*ion variad in a

nﬁnnqr thqt could not ba rnlnted %0 ohqewvahle abiotic
fQCtors | | |

: j Froﬁfthﬁ'forogoing:rgﬁqfks it is QV1daht that it
Ny wéli ba blotio faétors'that nre‘inportnhf in
detarmining tha distribution 2nd ahuniarce of the spacies
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of Timnodrilus, Little is known about tha relantionship

hetween any s“ecias of tubificid and the biotie factors
of their environment, Tha affact of narasitism on a |
Population of Lirmodrilus will be discussed in Chapter 6.
It will be shown that this is nepgliribla, Tha Yiterature
on predation is sparse, ond nothins can be sald ahout
1ts rossibla effects. L .

The biotic factor that arpanrs most 1ikely to
influence tha dlstribution and ahundance of the spaclen
of Liﬁnodrilué'is the availability of é’sugtable food
3upp1y;'-'mha exact naturs of the tubificid food is

unknown, They are Xnown to faed by incesting the
Substratum, digesting only the orgnnie detritus or
bacteria prasent. Foddubnaya (1961) hag shoun that the
hature of the-éubstrntum is of importance in the feeding
behaviour o? the tubificids ond that althoush some derreas
of apecific selactivity may occur differant spacies
8Ppear to in-est particles of similar size ond nature.
Nevartheless, the possibility that different specles

N3y be utilising different componants of tha food matter
Tanains, If this is so, corralations ohs arved batwsaen
tha abundance of a species and the nature of the suhstratun
Nay bs explicable in terms of the abundanca of the ford

Supply in different typas of suhstratum. Sinmiilarly,



R
.42

the differences in the relntive abuniance of spacies
in an epparently uniform habitat nay be related to
hitherto untetected differsnces in the nature of the

food supply. If JT.udakemisnus and L,clanaredasnus

have a more restricted food prafarancs than I.hoffmeisteri

1t nay axplain their restrieted distribution and their
Telativae paucity, wheras they do occur,. At prasent thase
Bre only spaculations unsupportaed by any Aireet evidance
but; with the fallure to exrlein the distribution and

abundance of Limnodrilus in terms of ablotie factors,

they provide a possible explanatibn for ths obsarvad
Tacts and hence requira fuller invastipgation,



CHAPTIR 4

THE GROWTH AND RIPRONUGTION OF TIMIODRILUS

Since ore of the primary ains of thé”pfasantiStudy
vas to investisnte the 1ifa histories of the species of
Linnodrilus a knovladge of thc'provth:and‘réﬁroanctidh ‘

of {he”»ﬁécias was obvious sly necs«sqry.  These aspects
of the biolocy of Iimnodrilus have been 1ittle ‘studied.
Knowledga 02 the 1ife historles and of the reproductive
behaviour in the genus is based primarily upon inference
from thg norpholosy 0f tha ganitalia and from ohservations
én other éenéfa;? Accordintly, an attempt “haga been nade
here to clarify certain aspects of the srowth and
Taproduction of ILirnoArilus that vars considared to be of
vimbbrtanca if an un%qrétanding of data'dgriﬁed from field:
Observations is to ba arrived at. ' 1In bdrticulgr;‘“'

?t vas considered that more information vas neaded on
mathods of age deteminntion; on the lenpth of tima
3D8rnatophoreq vare ‘retainad in the srarmathaceas on

the degsnarmtion of tho aonads oftsr breeding‘and on

the extent to which msexual reproduction 6ccurred. Most
0f the- observations wera made on L.hoffmalsteri, as
BUffioient specimens ware r@adily obtainnble at all

times of the’ year. | o
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8) T _GROVE OF LIIDDTAILUS FOF7ITISTIRI.

~ In studies on invartebrate 1ife histories. ‘both the
1enpth and weisht of individual specimans. have fraquantly
h@en used ns indications of their age &nd to determnine . .
Grnwth rates (lann, 1961, Reynoldeon, 1960).a;1n an
?ndﬁysigiof’anyﬁqnigal population it is obviously desirable
to be able to recognise ags classes.. . Doth length and .
welght prov;aé;ea§ily maagurable. eritaria of these since
both nomally incresse in a definite relationship.

In the case of tubificids, howevar, thers are
verious objectiona to the use of both eriteria,  Toth the
lanwth dnd weiaﬁt of a worr depand not only on its age
hut also on its condition._ aea@neerion or autotemy,

both of which occur in Lohoffmaistari, will upset the

‘nOYmﬂl langth or. vaight to, aga<rﬁlntionship.1,Eurtharmore;
the preserving agents in use for tubificids: generally
Cauce hhrinkapeland fraquently. also distoraion,1making
length naasurenents very diffieult, Thasevlattar,~f .
difficultias could be ovarcome by examining‘liva specimens,
but this involves corsiderably graater labour, . It is
QDnaidarad,wthﬁ?aforg,”that naither length nor welght:

8Ta sultable criteria for ggafaaterminations'of;syacimans
of Timnndrilue.? |

In a saqrch *or alternativa chqrqcters that
1ncreﬂaad with a3, attontion wag drawn to tha number of

ﬁ@gmants and the numbar of chmataa par. bundla. , Since



tha nunber of s orents in to a larpe darres darendant
upari the extant to vhich raronaration has naczwmd it
was consldarad to be unsuitabla for rrasant rurronan,
Attontion was t&mmfom directad to tho muibar of echastrn
rar bimdla. It wos shown in tahle 1 that nvararg
nunbar of chaetas in a dorsa) bundla of saants 2 - 7
(rafarred to hencaforth ns tha chaatml rumbar) inergncos
vith tha ara of the *‘smcipm; - tha naan muihar fop
innntura spaeinana bainz 5.4 ~nd ‘or natura sreeimans
boing 6.9. It was daeidad 1o iﬁ?ﬁé‘tiéﬁ:ﬁﬁé thia |
| ralationehin nore v}n aaty, g'*?uﬁ-zﬁhb?ﬁtéﬁg”émlﬁuraa of

Lohoffataterd wsra sat ury omaon muldy sand and ora on

cnud, o Both eulturen eorvwmireod with braading. ﬁmei'mhm
A1l specimans were exaninad nt mzz*h.y in% am**"z:w and
tha state of . nturdty and o v}awl nunbar msm‘*ﬁm 4
for each spacimer, The rosults are chown 4n ¢ i;"::::. l‘j and :
Savaral i:ztsarsssting razulia emare frn*z thasoe
ok -sarvations, Ho chagtal nunk ar of lasa then 3 wna
X‘acz}rdad, fmci 1t nust ba coneludad *’?m sraecinana do |
not hateh with n runbay 1{%&3 '%;%,:%ﬁ ‘t;‘;%xif;. e 123 %’*‘WM
that the chnotal nwshar o aem in w‘«mw vith :wa, but 'f:%m
x‘alﬁtic;mhin 18 not a 1ingar nna m«? ii& m%"?m‘ gan m‘%’v
Lia usod to datorrdng tha no-a 0f i?‘r‘?"‘fi’ﬁ“‘ ﬂ’“fﬂ"iﬁ ra,
Ar tar %mtc 1ing wim a c‘mczt’ﬂ ntar of 3 or mm, f

‘ihfs nwibar incrensas ray iMy to 5, Tt my than

ik

riﬁem"‘*a *‘1 zm};y *t:s; 6 or ra Mfz nt § for a dong gﬁazﬁgéf s




Flmee 15

. The relstionship between the averars rumber of chsetae per
bunaze An the anterlor dorsal pecments, the ‘state of mturity end
1 ace o Specimens from a laboratory population &f L, hoffmeistert

11Y1ng,1n sandy mud, 50114 segnents indicate breeding specimens,
e Sermonts moture and immsture ones, The mumber given ebove

the Terth 18 the mumber of spocinens examineds -
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hip Giadan 145

™ rolationship between the nvernse number of chaetas per
b
"Wle in the anterior dorsal segments, the state of maturity and

t .
te 8o of specimens from a lsborstory population 3f L. hoffmeisterd
11"% in mude

Tor explanation of symbols ses figure 15.




A S i e

—= w. 23 .
a ﬁ.Hu < 2 =X
5 53
-
sl “5 ,
(¥4
M
~3 oy i
~G o oA 5
=
~ ﬁ
~ & g8 .
E ¥ - 53
< -
~
ool T
718 6_5_.133 ~Q._8~7~6_$TL37£ —a._8~7~6_57l j
™~y

=I390Yys jo daqun)y



4:4

‘This 13 shown elearly in the fisures for June to

Septombar for both culturaes, as by this time no further
incresse in the number of specimens occurrad.:  Tha
increase in the size of tha population was slowvor and
the time taken for the chaetal numbar of 5/6 to ba. -

~8ttained by the majority of spacimens.took lonzer for

the specinans on tha muddy sand (fiz, 15). The ratae of
addition of cheatae is thus also 4influvanced by tha
bature of the substratum. A specimen with a chaastal
hunber of 5 may:tharaforaiha‘frnm:1ﬁ$ﬂ than 1-up to g
honths 014,  These obsarvations (figs, 15 and Ig)

cons irm tha earlier ona (tnble 1), that tho chaetal
humber of matu"e apacirena ia hirbar than-that of -
immature ‘ones, but shows elenrly that a considerable
Overlap may exist. . | ‘ \_ : ‘

. The changs in chaet2l number after breeding g
shown more claarly in fir. 15, ;nuriﬁg the ‘breading . |
Poriod the chaetal number incrensas and after bresdins
1t may continue to increase up to 9 (Mec. to Fah.,

8nd lMarech to April). Ocecasionally spacinans with a
Chagta) number of 10 have bean encountsred (tadla 1).
Thig appaars to ba. the naximum attainable, .  Ohservations
°f isolnted specimens has shown thet at this stage the
Sracinens aithar-die;rbr the chastal number starts to

dacrens se, £alling to § or 6., Tha worms are then
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Indistinsuishable fron immnture ones. 7Iﬁ‘may'be
Cbncludod that’although the . chnetnl nurbor does inereac
with the ase of the crecirmns, it is unsuitable for
detarmining the ace of individual spacimins. It is
Bloo unuitatle for distingsuishing immature spacimens
fron snecimens .that have already brod, FP

At present, therefore, i% 1s not rossible to

G@narata . populntion of N.hof mainteri into nro

Closses,  The most thnt. can ba done ip thia‘rampgct
13 to.seﬁaraté thelpopulatich into clnassas bnoad on the
Gtate of natﬁriﬁv.of thc spaclimns, since brooding
and r nature srecinuna are o’ﬁer tnnn immature onos,
This nust bo conﬁiﬂored far from satisfaetery but no |
alternﬁtiva is yot posaibla, P

It 1s conveniant at this stnra to rn?er hriefly
t° the work of I odduhnq;a (1959, 1963). In considering

“Oﬂnlations of Mhifax nawmanals sha vas able,to,use .

lan-th and weicht in ordaer to dictinguiuh neo c1neues.
lhiﬂ Sracioe io rendily identifinble aliva, 50 thqt .
nany of the ohJec+ionﬂ raised earlier do not nprly hare,
Sha used tha longth ond dicmetor of individxwl chnatoa
&8 eritarin of aca, &nd found a rolationship simiqu to
thﬂt of tha chastal nurber end afe.v ﬂhé;al used

the bionass of L.hof:maigteri to daxonstrate tha chanras

, in the structure of a populution, hut dividad tha

Specinans into the same threa groups of imature, nature



and bmadinw spacirnens no is rrorosad hara, Sha
(*ivcas no indieatiom 23 to vawtﬂar her sracinans ware

exx.mimd dand or f»liva.

b) REPIOT IGTI0N 07 mm'ﬂn 13 10 wz“f“?rm

} Tha hrnﬂdivw

i "_‘

m‘! 3.

“In the davelommant of the :;cmzds and mrmmm
the tastos ara tho firast orgona to oppenr.  Thay parsist
throushout tho wholo ;mr...od of nmaturity snd, avon nfta
brooding, seldon doganarate esnplately.  The m’wmw, .
on the othar hand, oppear glishtly la«uar and dacranse
in slze es tha ovizae davalops until, at naturity, thay
ara fraquantly »msm, z*f;*§~v~«xtiaa of tha ova cocurs
in the ovisace  Tha gomada nay be prasant Tor pavaral
nonths haﬁyam,t}za g;g;;aim;«m gtart to dovalon, | |

The rudinonts of the 'wm‘tim}. Aucts ava‘**»«ﬁzé, ,ﬁ;mﬁg
Tollowad by tho mditwnm r;r’ tha nraem :ﬁ;; aem. - ’i‘ba
ﬁtr:‘iwz f“’w*} appanrs 2 o _@mlmﬁgirxwmm mz}iﬁ?ﬁ,.fhﬁ}w

ﬁ;nd mw# ﬁava.lmw Anto i**s ehapnelaristie afwm The

rrostata glend gl @i davalops. o The t‘%}:f;:{‘si 3%:}:*& mzsiimams ~
ﬂz@;szmr i:if" , “@},i;:} bald of e 1:; m‘ii{':h ,1 es“ §u;‘¥i{f3tm out

to fom a th in valled ang and a 4l sit:‘:l::;x‘ mﬁllnﬁ dm:"f:y
The testas sneo and ssvi K0m than z:fﬁ:a ?ﬁui *33?;’%5:,31*@:;;3%3 and
inerenne in size ns prolid %‘Giﬁﬁ?ﬂfﬁ?ﬁlﬁgﬁ PI""I“% the

taztos and ovaries «baginm aédﬁ nale, feuile and
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spermathaecal pores then arpear, After"thé?éppearance
of the mnle pores the chitinous penis shanthe davelop.
The steges in davelopmant of a shanth are shown in

fi¢. 5. The hend 1a 1aid Adown first. = Incressa in:
lonsth and thickening of the wall are brousht about by
the cetivity of the colls of the invasination of tha
hody wall, esnecially thosa ¢losa to the base of the .
ﬂhanth. ' The invagination nacessarily penatrqtas daaper
into tha body cavity as tha heqth lenpthan Thare is
Vﬁry little incranse in thae width of tha = eathlor in
the thicknoss of its walls as it lenpthanr. ivan in
&;ggzxg; tbe wall davelops to its full thickness at an
Sarly staca. " The devaloprqnt of tha panis shenth takes
rlace very rapidly, BT Lo ,h;

The prnrent study moot of the sﬂecimens ware
¢laared in Amman's lactorhanol for exznination. Vhilst
thiﬂ randerad tha chitinous structures readily visitble
1t often proved difficult to gee othar details of the -
€nitalia, Aeaérdingly; only thfea stép@s'df’m&turity
8T8 racognised here. ‘Tha Pirst stare is thqt of
1HMaturity, before the penis shaath has annonred.  The
Sacond atage is: that of maturitj, vhan the ranis sheath
hag appenred. ' The presence of tha shanth alona is
t&ken to indicate this stnza, and:né‘écéduﬁtjié:tnksn of
At 1aﬁgth, The third starse rasosmisad is that of

"Peadiny.  This is recosnised by the prasence of
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srermetophoras in the spamnithecas, signifying that
'COpulation has talen plnea,  As sxplnined in the . -
Pravious cection it is not nossible to sub-divide tha
imature stage or to recosnise a rost-brasding stage.
Accordins to the views of earlier outhors,
bipnrental reproduction, dus to reciproecal fertilisation,

is tha predoninant mathod of reproduction in Lirmedrilus,

This view ig based upon indirect evidence and on
inferancs fron the enatomieal arranconent of tha aenitélia.
Sperhatophoras vere eluvays considered to have been
formed from sperm from snother individual, Gavrilov, in
‘Q_Saries'of papars‘(l951 at soq.,), hno challenrad this
View ond heg shovm that solf fortilination is not only
O5sible but also cormon in sons sracies of TianAri1us.” _
In Loudakominnus, Govrilev (1931, 1935, 1949) showad
that self fortiliszation took place by nutocopulation..

The penis tube was so short that bty dendinz the worm
Could fartilise itoolf, = The existance of unipnrental

Teproduction in L.hoffneist@ri end L, elnvaradannus -

Was ol so d@monﬂtrated (Gavrilov, 1931) but no suzrestion
Y38 nada at thet “time as to its maohaniaru Later
(GQVrllov, 1939, 1948) it was sugrasted that self” »
fertilisaticp‘or parthenogenesis was equally possible.
In a’'rovigv of tha subjact (Gnvrilov; 1959) it was
.QOnSidaradjthat auto copulation was nost unlikely owing

¥0 the langth of the panis tubes in thesae two spacias,
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Ha considerad that sslf foriilisetion i,e, fortilisation
of the egms in tha cocoon vhile the cocoon was in the
Procesa of formation, or fertilisation of the egps in

the ovisac, was mors likely than parthenogenesis, It
waa statsd,*howavar;‘that wvhan sparmatonrhores ware
bresant they ware rrobably formed from the spern of

other individuals, - It nust be prasumed thot this renark
4id not apply to L.udokenisnus whers self copulation -
is possivle. -

Gavrilov's concluslons wera based entirely upon
laboratory expsriment and observation, so the extent to
vhich uniparental reproduetion cccurs in the fisld is
stili unknowne - Bven if it does ocecur to. any great
BXtantgﬂit doas not invalidate ths caxtersory of breeding
Specimens ns undsrotood by tha suthor. . The prosenca
°f spemmatophores is 8till on indiention thet copulation
h&s‘occurred. " Thers rencins the pbssibility:that' |
Specimans mssignad to tha mature elnss baeanse of the
Bbsance of spermatophorcs rmny in faet have undarpgona
Self fertillsation.,  This can not ba detected by the -
Present methods of examination.  Sinea, hovever, in
fielq populaticnsplarga~numbers of maturas. sypecimans
¥8re noarly slways followed by larpes numbers of breeding
Speeinens, it was concluded that if ﬁniparantal~ .
Taproduction did occur it did not do so to any extent,

8nd it vwas accordingly immored.  Spacimans were



Gceasionnlly encounterad in vhich tha gonitalia, _
ineluding tha penis tube, were not fully developed,
but which possassed spermatophorns, ‘This appaears to
hG,GVidenée fab non—recipboeal cppulgtion;*but_it ,
occurred on1y invépproxiﬁétely 0,025 of &1l srecimens
examined. “ -

Since the presence of spermatorhores was teken
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to indicate that copulation had occurred, it is obviously

of importance to know how lons thay are ratained in the
Spamathacra.,  Accordingly, breedins specinens were
taken from field populations and observad at resular
1ntarvala in the laboratory. Tha results of thess
Observations are shown in Table 13. It nust be
°mphasiaed that this only indicates theﬂminimum pariod
for which sparmatorhoras ware rotained, as tharas wasg

N0 way of knowing how lony they had beaen prasaﬁt hafora
the specimans had besn collected. It can bo sean

that on a sandy substratun sparmatorhoras rarsist in
Some individuals for uy.to 1% months, but that the
Majority hava disappsared nfter two vesks, On a muddy
°r sandy-mud substratum the najority have disappeared
Ater two wasks also, but in some individuals they

Persiat up to a monthy



TAPLE 13

‘The paried of ratantion of snarmatophores 4in

the srarmathecas of L.hoffmaisterd livin~ in -

~ diffarant tvres of suhstrata,

Nature nf auhstratum

Date - ~ Sand  Sandy-mud - © Mud

24 Oct, 55- - 55

1 Nov., 17 a1

12 Nov. 5 15 S .o

19 Hov, - 5. .15 .18 -8

BTWove. 5 - 15 - 14 14 ‘

6 Dec,- . 3 15 - - .8 . 12 .

13Dee, - 2 . .- 15 -2 12

0 Dec,- - 0. 15 S N -2

8 Jan, . 0 S13 1 12

23 Jan. 0 12 4 - 13, o A7 17
T Feb, 0 . 10 6 14 3 6
0 Feb, 0, 10 6 AT 1 6
S Mar;- -1 . 10 . 8 19 3 6
2Mar, - 0 . 9. -9 . 46 - .4 6
4 Apr, 0 9 T 59 3 6
29 Apr, | 0 77 2 6
DA May . - . o .0 _ 66

Essagg; - N = Number of spacimens with sparmatophoras:~
T = Total numbar of spacimans in the population,
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It is also apparent from Table 13 that some
individuals may hreed twice within the same seasons
This is shown more clearly for the specimans cultured
on tha nuddy substratum, The total number of spscimens
Temained constant from T February to 4 April, but during
this time the number of specinens with spermatophores:
Pirst f011 to 1 then inersased agsain to 4.,  There was
N0 svidence of recruitment into the population during
this pariod, so the only possible explanation is that
Specimans had shed their spermatophores and then some
individuals have bred again., Thers is nlso avidance
of breeding occurring for a second time in the specimans
Cultured on the sandy-mud, but since recruitment was
Occurring in the population this is not as apparent.
. It 1s gchown in figs. 15 and 1E that individuals do-
N0t attain maturity for at laast 4 nonths, so the
Observed incrense in the number of breedins svecimens in
F@bruary and March must a2g2in be due to specimens breeding
for a second time. Thers is no evidence of this
Occurring in speeimens eultured in sand. - In ordar to
tonfirm this, observations were mnde on isolated specimens
CWQtured in tha same three nadin, The observations
tonfirmed tha adove suppositions.  The specimens in =
MUd and sandy-rud did breed twice, but those in sand
did not, ' | ‘

A further 1ntarestingvfaature amerged from thase



Obaervaticns. The specimens cultured in sand did
not produce any young and the size of the population
continuad to dwindle, 1In contrast, young individuals
wﬁre p&éduced from the speclrons cultured in mud and
BandJ.mud, and the size of both populntionq increaeed
appro inntely 4 timas, As is aprqrant from fiFS. 15
and 16,‘the incrense took plnca in a shorter tine in
the population iivin@ in mgd.' The thres cultures were
kept unddrﬁaihilar physienl and 6hemicallccnditions; and
the‘spéciméns ubrﬁ all tdken'originqlly from the same
1pcalify. The only differencafbetween them was in
:the nﬁ%ure’pf the substratunm, It nust ba concludad |
tharefore that fhis'cgn iniluencé the rate of increase
of the;chaetai-number; tha number of times a speciman
br@eds wvithin each seas 30D, the numbar of individuals
Produced and the rate of increase of.theﬁpopulation.
The implicétions of thése findinge 1n4relation to the
interpretation of field data wlll be considerad in
chapter 5,

The fate of individuqlq altar breeainw is also of
importance to a study of the 1ife history, It can he

Bean fron table 13 that, ragardlass of the nature of

the substratun, there is a hemvy post-hreedin mortality.

This is lass for spacimans enltured on the sandyumud
(§3w), but for the other two cultures is fairly hich

(647 ana 73%). levertheless, some spacimens do

4.12




4,13

surviva and mny breed quin o3 indieated ahava. It

iz nat clear whsther thcﬂe ﬁwacimars that hqva bred

tuice then die or uhethar thay can surviva until the

naxt se&ssn.) The evidenco swgﬂuata %hg lﬁtt@r.' ,In

tabla 13 it enn ba sesn that acmnd brasdiﬂx ia ﬁﬂt

followed by any natiasahle rartality; Lut tha racruitwant

into tho populstion at this tire xmuld tand to ohvcura B

this, Observetlons on 1%olita4 sm@cimnnﬁ ahqw tbmt

sona can survive unti 1 tha ﬁexﬁ seasaﬂ.uv , ,
narararqt&en of t&a rmﬁitmﬂiﬁ foilawiﬁg breadin

hua been showm to oceur in Turiftax tnhi*ax hy‘cérnnavitav

(1939). It hng baan ohnarved in L.hnf}ﬂﬁiﬁtﬂri 1h the |

rrasent atudy, end thy rr@caﬁs iz ecsentinlly the aaﬂﬂj [

03 that ob“arvad in D.tundifex. Aftar thﬂ ﬁhﬁdding

of the ammntarhemg damnammen %&aginf; *’éiﬁii}.t mms‘izf
in 211 the ponital aruaa@,:ﬂ The raﬁ%*na nt tha :
ﬁiaiﬁtagrafinb tissuas ﬁ égvsuraé hy‘lékaasyias;v
The panital ﬁuatﬂ ﬁimaww;m“ Lirwt, than tha ﬂﬁﬂfﬁﬁtﬁﬁﬁﬁé
and penis ﬁha%ﬁb?.‘u'”hﬁ tastes nn% ﬂ?ﬁ?iﬂﬁ #&ﬂﬁiﬁ ﬁ?
?udimamta throu“hnut tha nanmrupraﬁnctiva eanﬂan._;;;/' |

. To mantiaﬁ haa so fnr ‘baen Pﬁﬁa ef t&a ﬂlitalluw.>'f ﬁ
Thia ptructure is yrwﬁarﬁ at ﬁﬁ%b“iﬁy in @xz s@@ﬁiag gf (o

'Liﬁhsarilna, but 1@3 éagraa of éav%ispﬁa?* ?%?iﬂﬁ

iﬁﬁ&?iéaﬁllg;&ﬁﬂlsyﬁekiigg£1§¢ .. It ﬁﬁg ba vall
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daveloped in IL.udekermianmis and I,halveticus, but is

poorly developed in L.hoffmaistaeri, I, clanaradaanus

and I,cervix, In these three species 1t is penerally
1ittle more than a slight swelling of the epidermis
with a few scattared papillar, and is ralativély
transparent.  Although Poddubnaya (1959) uses the
Presence of a clitellum in L.hnffmeisteri as an indieation

of breeding specimens, it is considared that the rrasance
0f spermatophores is a more raliable eriterion, - No
ralationship has yet been established hetween ‘the *‘
desree of davelopmant of the clitellum and the incidance
of bresdings, | i | |

A discussion on the time taken %o attain naturity
8nd on the period of breeding is dafarrsd until Chg@tér Se
It is sufficient to indicate here that it appaars ‘that
mcst gpecimens breed in thair first yaar, but cthars
may teke two years to attain maturity, The period
0f breedins depends on the site and the naturs of the
Substratuge It may tske place all the year round or
be confined to a short seacson. The avaraze lifa span
is not known.  Since rost spacimens tnke one ygarfta'
2%tain maturity and tha majority ﬁig aftar breeding it
1s ostimated at one yaar,  Some few specimens will
Continue longer than this, but thay vill'undodhfédly':“
dsoranse in numbar each ysar. _‘Carnomvitdvy(1930)
Tecords a laboratory speeimen of T;tubifax over 10
Years old,
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, Davelorment in tublfieids, in common with all

| 0ligochaetes, is sald to toke place in cocoons, Cocoons

of L.hoffrneistarli have baen found and reported by
‘Poddubnaya (1953) and Gavrilov (1935), and of J.ndekeminnuas

- and I, clanaredeanus by Gavrilov (1935 et saq.)s Cocoons
Of other spacles of tubificids have bean found. by
, SGVQralvauthors; The wvhola subject ia traated in
dstail-by Stephanson (1930) and Cekanovskaya (1982);

In the course of tha prasant study cocoons of L.udskeminnus

and I, elnparadennus hava baan obssrved in both field

and laboratory porulations. The author, howaver, has
complately failed to find cocoons of Y. hofmalstari,

Ishelvatious and I,carvix, . Sincae the latter two specles
dO,not‘accur abundantly and cocoons Are only produced
Over short pericd; it is possible that they could have

- bean ovarlookad. It proved impossible}to ésﬁabl;sh
,Dopulations of althar sréciés in ?heilaboratory whera\
Clossr examinations could have besen nada,

The abssnce of cocoons in L,hoffrneisteri, howaver,

13 not 5o roadily undorstood,  All cocoons taken from
Tiald localities vhere this sracles cceurrad wara brousht
backAto the laboratory and hatched out, Yo specimens

- Of L,hofPfmaisterl were obtainad from the cocoons, In

fome localities wharae this spacles ocecurs no 1live cocoons
Were found in the sanples at any time, It waa considered

that the samrling nathods in operation.ﬁiéht pqééibly
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have bean unsuliable for collacting cocoons, but no ‘
cocoons haave baen found in the lahoratory cudtures eithar.
Cultures in nud and sandy-nud (referred to above and 1n
figs, 15 and 16) ware sievad throush meshes of 0.4 mm,
diomater, & size known to retain cocoons of other
Speciaes, but no cocoons waere obtained.  Navertheless,
develoment nust have occurred, £s youns worns aﬁpearad in
‘the populations end the porulations econtinued to
incrensae in size.  Cultures kept for other purposes -
in sand were oxanined and although the populastion arain
lnergased and youns specimens wmre found, no cocoons
Wore obsarved. . , _
Poddubnaya (1958) records the cocoons as baing
‘attachad to vaaetation;»aﬂd.aithounh thié'éould axplain
thair absenca from bottom field collections, it doas not
8xplain thair absence fron laboratory ropulations, She
‘r@cords the tima of davelopment in cocoons ns 28 - 35
days at 14 - 15 dare Ce Sinqe tha author's laboratory
Cultures ware axanined at weally intervaln it is
~Unlikely that thay can have been overlooked. = It must
be coneluded, tharafore, thet I hoffmaisteri has the

ability to complate its davelopméﬁﬁ without the production
°f cocoons, The datnils of this form of development

8re unknown, nnd require further study. It is

- Possible that other spacies of %imnodrilus'may also

DPossass this ability. It aﬂpcnrs 1likely that Poddubnaya
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nay have encounterad this prohlem to sone avtent, as

she rafars (1958) to L.hoffrneisteri producing very few

cocoons in her laboratory.  She herself attributed )
thia~ta‘the‘cohditions of the'culturesq In her fiéld
Oboervations (1959) sha doos rot say how ‘she identified
cocoons, of this specieo. Since savaral other gavera. -
wara present in her samples thers is po indication that
tha cocoons found hy her ware in fact pro&ucad by

Q‘hoffnaistari It is not su*ﬁagtad ‘here that I. haffmeisteri

15 ineapable of producing cocoons; the works of
Poddubnaya (opp.cit.) and G;vrilov (1931 et.saq.)
1hdicate clearly that it can., It is suggasted hoxever,,
thﬂt this may not be t%a cnly, or aexelus 1ve, mﬂthcd of
Prﬂpaaation. ‘ “‘ :

2) Asevual ranroductinn and repanarwtion.

Throuuhout ‘tha foregoing discussions on the
rﬂproduetlon of Limnodrilus it has been nzsumad that

Sexual reproduction is thﬂ daminant nathod of propagatian
in the ganua. ‘ Prom the 1little infcnmntion on this
subdect in thé literature thi« doaq apnear to b@ 80,
Aﬁ@xual repro&ueticn ﬂoes rot sean to attain the sane
1“P0rt ance in the @ubificidqa 83 ir the Yaididae,fwhara |
it 13 frequently the dominnnt nathod of raproduction. |



It is dicnissed as baing of little importance in

the fanily by utaphenoon (1930) and Cakanovukqja (1962)
Poddubnqya (1958) states that it is knoun that tubificids
only bread saxually. | here is sone evidanco that 1t
nay be of scne inportance in some ganera, prineipally .
Aulodrilus (Hrabs, 1934) and Bothrionanrum (irab$,1937).

W—

The eanaral concensus of opinion, as sumiarised by
Yorontsova and Liosner (1960), is that asoxunl
reproduction plBJS little, if uny, part in tha raproﬂuction
°f tubificids. |

. Nevarthalaas, in the mbsance of any information
reiatinp gpecifically to Iirmodrilusg, it uﬂs dacided to

cbnduct a uhort series of etnerinents on, tha rsganerativé‘
ability of sPGcies of the gnnuq. &utotonJ, which has

bean ghoun to oceur extensively in Tuhifex newnensis

(Poddubhayn;’l959); has on occasions also baan observad
8 L hoffmeisteri, It was furthor obsarvad that specimans

Irequently fragmented (as distinet from autotomy) during
h&ndling;,or as a rasult of mechanleal damape, It was
dosirad to lnow the fate of thess frasents, and vhather
Bew individunls covld develop following fraznentation,
Th@ relationuhip batwaen reaancrativa povars and asexnal
rﬂproduction 1s a close ons {Vorontsova and Liosnar,1960),
It wag conaidared thﬂt thaoa axparinants on rﬂpnnarqtion
YOuld also give an indiention of the dasree of asexual
‘Teproduction that was possibvle,
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Spacimans with regensrated posterior portions,

| ‘Tecognisable es such by their transperency end by the
narrowver dianater of théir segmants;‘ﬁera commoﬁly
encolintered in field collections, = Tha incidence of
Spec.’mens with a rer;cnerated haaa, racornisa'ble in

the seme nanner, was vory low, being lass than 0. 01,4.

It was also obsarved that spacimana that had frasmanted
414 not die or daoay, but normally survivad, It was
Bbcordingﬂy deterninad to cut specinons of L hoffmainterd

and L.'.uda‘femipnus; the two mosf.‘ensily ohtainnble specles,

betmen certain spacifiad qementa and racord the fate of

both fracmonts,  Controls vere sad up sirultansously

o ‘,to ohtain an indieation of the nortality aubqaquent to

—

Such frammentation,
: " The vesults of thaso experimnta are surmarised
"balow:..

1. ho ffme isteri -

5 Ssitign of ‘ Fnta of frasmants

“Anterior Tostazior

hana 8
: ~3»/4 I'Jve'oayad and lost. May haal ovar and

aventuall daoaJ, or nay
orow naw haad of
yrostomiun, peristomium
and mouth,

8/ necaryad andv lost, , ,Usually Just heanls ovar,
AR e Only 14 devraloped a
_haw head
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Anterior Postarior
1213 Heals over., low " Vanls ove®, Does not
tall rarely daveloped. grow a new head,

24/25 Growvs 2 naw toil, © enls ovar, ~Toes not

o o . - grow a nevw haad,
44/45 Grows a naw tail, Docayed ond ;Lgstf. |

L.udelamisrnia
' }Pﬁsition of Pata of Tromanta -

- " Antarior ', Festerior o
3/4 . Decayad and losts May just henal over, but
o S : : usually develons a
. | naw head, _
372/13 - Hoeals éver', but | Hanls over. Toes not

often grows new tall.  grow a new hend.

24 /25 © Grows n naow tall -+ Heals dva'r. " Toes not
’ ‘ ’ srow oo navw haad.

m 3 I . . : i . . : :
Tha avaragse nortallity followving froameantation wags 509,

"In the cnse of postérior portién’s' thnt héaled ovar
and did not davelop a nev hand, mortality d1d not occur
for o considarable parind after the oparation, Thay
ﬂurvivgd for up to two months in some yoases; but avantually
decayad and wore losts - -

The geneml pieture presented by these experiments

ls that two hew individuals are never produced followins



fresmentation, If separation has occurred anterior
«tq semaent 12, an individual develops 0n1y fron tha
.bosferior pdrtiOn; if posterior to seamcnt 12, only‘
fron the anterior portion. Posterior rcﬂcncration
appanrs to be hatter daveloped than antarior, as
fracnentﬂtion has to take placa very close to tha haad
to produce a new head. Abrnormalities with two talls
were of fraquant occurrenca. - Thase results are in

asreamaent with thosa of Toddubnaya (1959) on T.naewnansis,

Whp.failad'to £ind rasaneration of the hend after autotony,

and of Krecker (1910) on T.elannradaanug, whdvfound,that

no naw head wng foriad unless fragnantation occurred
in the firat sevan sagnents.

Thera is therafore no svidence fron thase exrarinents

that 1,hoffmeistarl end IL.udakemianus, end by infaraence

othar spocies of Lirmmodrilus, can reproduce by asexual
. hethods to any great extent, Repareration appaars to
be fairly well developed, but tha major effact of this

i
13
[
}
i

¢
:
l

will ba to upsat the length: ace relationship. Frammantqtion,

vhathar dus to autotomy or accidant, doas not msult in
the foimntion of nov individuals, In future discussions

91 the reproduction of IinnoArilns no further referance

will tharefors be nnde to the possibility of asaxual
Taproduction, and tha manus will ba coansidared to exhibit

Ohly saxual reproduction,

|
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CHAPTER §

Mf-’? JISTORINS O D9 RRAITISH SFECIES OF LIMINDRILUS

a) FINTLD INVESTIGATIONS

Several factors woare important in selecting locnlitiles
for resular seasonal sanpling. Thesa may conveniently
ba rrouped togethar under physiceal and blologlenl factora,
The prineipal biologlcal factors wera that at laast one
3Deciésipf Lirmodrilus should occur in the loeality nnd
in sufricient numhers to ansure thnt rosults would be
rﬁliableé It was also desired to study the 1life history
Of each speeies in at lanst two sites; . one in vhich 1t
formad a single species poprulation or was the dgmihant
Srecies, and one in which it occurred in o nixod species
Population, Sites wera also selected on tha basis of
their physico-chemicnl characteristies, so the nature and
suitability of the éubntratum for quantitative sanplin-
haq also to be considaerad. It wvas hopad that ultimataly‘
1t Wduld be poséible to compare thé iife ﬁiéfory of sach
Spacies in differant habitats and then to compare the 1ife
hiﬂtories of tha different apecies'and thair populntion
hiolocy in the sane habitag. On the{basie of these

®riterin, resuler samples were takan ovar a pariod of a
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year or nore at six localities i.e. a canal, a

small strean, a l.rge rivar, a small pond end two lekas,

1) Daserivtion of localitiss,
In the followin~ saction only a brief deseription

is given of each loeality from which regular samplss
vara taken. Whera possibles raferance.is ai#en'ta‘a‘

work in which thae locality 1a deseribed in greatér’detail.
Only the ‘tubificid fauna of each locality is listed.

No indication is civen of the ralative apundance of aeach
spacles., - It has been shown in chapter 3 that tha relative
ébundanée of specles may vary consldaratly fron aité to
site within a single locality. An estinate of the
OVerall abundance of a spacles in'any'locality may,}
therefors obscure the fact that it may be cormon in

ona site ond rave in another, and consaquantly such

&n estimate,wili have 1little meaninz.. The'reiﬁtiva

2bundanca of the:sbeoies of Lirmodrilus in aach senmple

Tron eﬁch locality are given in appendix 1;'
Ihe Shronshira Union Canal, renr Backford, Chashira,

A aetailad account of the history, tha rhyoiopr rhy,
the flora and th@ fquna of this canal is given by |
TWi?g (1959). | The ‘eanal in the Backfard region is f
a hroad canal; the width of the bad was estimated ot
30 feat with a maximum depth ot 6 feat in tha cantre.

The canal is saldow ueed for cnmmercial or rleasur@



5¢3

traffic and is rabidiy fmlling into disuself During

tha course of this survay the vagetdtion; alﬁhouﬁh”it

is still cut at intarvwls, haq snread alon“ the banks )
and into tha shallower razions of the canal, Backford
is situated at the base of the Wirral peninuuia and 6n
the edma of the fartile Cheshire plain, The cnnal in
this region receivas drainame from rich graﬁie pasturas,
The basie substratum is clay, on top of which is a B
layer of rich organic mud. The fauna is rich nnd varied
and, tosether with fhe physical and chemieal charactsriaties,
indicates a very productive habitat,  Tha following
Tubiricid species occur:-

Lihoffreisteri

Is e annradacnus

Licarviy B
éaudekamianus

EMlvodrilus moldaviansis

Bshoammoniensis

Ditton Nrook, Cronton, Inres.

This is a oriall Stream about‘lo faet wide and 2

fﬁet daep in swmer,  In uinter, the water leval nay
TN considarably ond the rate of flow inerenses causing
Eeouring of tbe banks and nubstrqtun. The nain strean

.rﬁoeives coal wnshinas fron a naarh; colliery, Just
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abova the sampling site tha stream receives a snall
trivutary, which is enriched by an organicteffluent

from o fam. The substratun consists of mud and organie
dabris, and also sons small eosl particles, The.straan,
ﬁnddubtadly; suffers from organic pollution‘but 1little
de-oxygenation occurs due to the rapid rate of flow and
shallow depth. The fauna is indieative of pollution,
heing low in the number of spacies but rich in the
number of individuals. The following tubificid spacies.
ocourt- S R ‘ e

Lohoffmedntari

L, udelamtonus

Lihelveticus

?gtuhifex T T f e

Ra'hw Pnﬂl. Ne'n’ P'w.Lgr, C’!ﬂﬂh‘l"@.

This is o small rond sarvinb as a uater SUpply for
cattle, About h“lf of the total area is coverad by
Shergant vagetation, The open water is about 2 feet
dﬁep. _ Tha substratum is thick elay ovarlain by a thin
layer'of sand and orzanic deﬁris, the latter derivaed
Drinariiy fron animal fagcas. ”he pond racaivaes
drainqﬁa uwter ?ron the fisld ana fron & naarby golf
Qourqa. é It ig thousht thnt this drainage‘at cartnin

?9§Sons,cqntaina land arsenate (r.3.31). The fruna
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of the rond is srarse, and tho tubificids fom the
dorinont prour. Tha followirs~ sracias ocour:-
Lyhoffnainteri

1o hnlvaticun

Tie elanaradannusa

Lo udakaninrms .

T, tuhifox

NMvar Thaman, Mandine, Rarins,

Tha R,Thmmas at dandins~ ia nhout 50 yards vide )
and about 12 faat daep in tha ecantre, It hns o rmodiun flow
ratae, and 1s subject to honvy flooding in wintar and enrly
sprinz, . The substratum varies, and emargant vagptation
is found only on one bank (Irinkhurat, 1g‘m). The rivar
rocaiven both orpanie mnd Anorpanic pollution fron ‘jtha
town of ‘Reading'. Tha faunn 4o nevartholess a rich
and varied one, ond the followinz 15 spacies of tubificids
arg lnown to occurt-

L.hoffmaistart

L.udakaninsnug

Looarviy

I, elnnrradannin

Z.raldnvienain

Behrrponionnin

Zobnvarieun

o, tuhifex
| u'??igmﬁng S
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Psammoryetes barbatus

P,nlbicoln

Rayneodrilus enceinsus
Mlodrilus rlurisetn

FPeloscolex velutinus

Branchinra sowarbvi

The habitat nust ba resardad as a rich and productive ona.

HYindarmare

This lake has bsan tha subjaet of nany gensralised
and many spscialised studiss, and raterence to tha follouinp
works nay be made for detnilsg Moon (1934), IMunphries (1936)
Boyeott (193%). The distribution of the tubificids in
the lake has bean studisd by Brinkhurst (in vress, b).

The 1ake is considarad by the’above«authorities to be
Mesotrophic ona. The tubificids known to oceur arai-

Lyho? fmaistari

Jotunifax
Iytennietont
Asviurigetn .
ngarux

&&xn Taqid

This lake has heen tba cub Jaet of oevarﬂl ecological

stulies. A general aceount of its physioyr yphy end of
'the bottom fnuna is riven by Dunn (1961). The lake is
considered by her to be an oligotrophic one tending

tovarag nasotrophy. The tubificids known to ocour arss-



L. hoffmeisteri

T.irnotus . : B,

.o " .

B, hammonianals

P, farox c

‘A.vInrisatn -

2) Mathods,’ . .

The variation in abundance of tubificid spacies
vithin a sinmle locality (disoﬁssed in ohapterj)
presaents a considerable problem in the praparation of a
sampling prograrma. < The existance of such a hirh
"dagree of spaticl variantion necessitates tha ctnking of
duplicate samples on all occasions, in ordor to obtain
an accurata indication of tha dasres of spatial varintion
a larpe numbaer of sanples must be talken. The number of
samples that can be taken, however, is linited to = ~
larpe extant by tho tims nvailable for thair sorting and
‘identification, The sanpling rrosrame must therefore
‘aim to stirike a balance batween the two requirements,

In the prosant study a series of preliminary samples

was token at each locality in order to give an indication
‘of tha spatial variation in abundance that existed,

The nwn1>o;;'of'smples to be taken on regular visits to
each locality was than detarmined on tha bnsis of the
dooree of spatial variantion that had bean shown to

exist, the mmount of matarinl present in each sanple
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tnd the tino available for 1ts exaninntion,

‘The sanpling nethod varied in different IOOQIitieSo
It was dotarnined primerily according to tho nature of
the substratum and the sccassibility of the loenlity,
The gize of sampler used was detornined by the density
of the tubifieid population.

. In the Shropshire Unlon Canql, sariples wera tal
with a dredge of 1 . nesh, All sariples in whleh the
dredge was not full of rnud wares rajected, A though tha
dredre is not rogarded as en instrunent sultable for
quantitativé estimates, the duplicnta snnples agreed very
well with each othar (Appendix 1) both in regard to
tha total numhars of tubificids and the nuihar and naturity
Classes of the individual srecieé. The nsfoenant is
Suffieiontly accurata to enabia deductions to be nade
from the changes in ovarall abundance.,1'Afﬁeg a
Drelininary‘siaving in tha fileld thke saplas wore brod;ht
back 2live to the laboratory and sievad throuch a 1 mm,.
fash, - Initielly, thay wers sorted by hand, hufuas .
this.yas tim@lconsuming a less lavorious nathod was
&dopted. The sanple was sprond out evenly on tha mesh
©f the siave, which was then suspended ovar‘a Aish of
Water so that the rmesh was just level with the surface of
the water, A strong light was gfrangéd ahout 1 foot
@bova the sieve and in such a manner that it 11luminnted
all parts evonly. ?his was left ovarnisht and by norning
the tubificids had passed into tha dish from which thay
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werg easlly ranoved. The nathod has besn estimated
gﬁlbaing‘on tha évarage'99.4% éffiéient. Vory smali
worng which afe ofteh'miﬂsad by hand sortiﬁg aro roadily‘
o%tqimed by this ﬁethod. Initiqliy sqmnieq veré'téken
2t 3 waakly intarvalq, hut nfter 12 nonthe the interval
wvas increq sad to 1 month. 'In the sunnar nonths s npling
often proved diffienlt 0n1n~ to tha thennive growth of

Rhizoclonium hiernnﬂvnhioum uhioh.blocked un tha dredﬂa.

“nrinr January and Pabruary IQC3 the eanal vma coversd by
18 inches of ice, naking spmplinp with the dredgo 1npousible.
An attenpt uaa mde to sqnnle uith on mkﬂﬁn grqh but no
Teliable samnles ware obtained. ,

, At Ditton brook the ss ﬂplea vers taken by naqns
of a corer. ‘ Tnia conqistad of a perspex tuba of 15 e
diﬂneter and 2 f£t. 6 inchas in length. It was sealed
at one and and fitted with a nlunver of the same dianeter
fi th@ tubs. In use it vns inqorted into tha snhstratun
to a conqtﬂnt danth (10 cn.) and mrovad with a eore of
&uhstratum of kncwn vo‘uma.. This eould then be
t;ﬂrqferred to 5 bottle by manns o! the rluncer, The
&@T@emanﬁ hatwaan sanples wng satisfaotorj in rawqrd
to maturity classss, but rather less so in ragard to the
tﬂtdl nunbar of spacimens (Appandix 2). The cores ware
brouﬂht beek to the 1nhoratory and ,ieved throubh a8
-Mash of 0. 41 mn, The specimena wore aprted by hand,

Sampling took ploce at monthiy'intervalskover a‘period
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Df 12 nonths, | The rapid i’low of watar praventad the
Stmm fron 'becrminw iced 1n the winter so that continuous
Bmplin was possibl&. | ,

At Ra‘by pool wvore takan bJ means of a ccrar of
sinilar construction to tha ona daﬂcrihed ahove, but of
18 inches in lenwth and 5 en. Aiemater, Tho 1en~th of
the cors wasg doter'qimd by the thickmss n:f tha sandy
1'3yar, aq the tubificid:: vara not prosont in the thic}c
elay, Initially two saryles were tmcen at anch visit,
but ng the size of the population dec’ irad (-.:«00 D 3e 32 )
Up to & semples wora teken. 'i‘he_.ug;reement batwean
Samples uasv not vei‘yﬂ B"L‘Gif&fﬁétorj (Appendix 3)e The
Coras uare‘brou‘“ht back to tha lqborqtory and siaved _
throur,h a nesh of 0,41 mn, - The specinanc wnre sorted by
hana, Smplimr took nlaca at thme waa\ly intervals ’
fl‘on Harch to October 1962, after which the interval
‘4&8 incra'zsed to 1 nonth. The thicknass of the ice 1n
J’lnuary 1963 pravented saﬂplinm, which qu, however,
Tasumad the followinﬂ nonth.

~In the Re Thmes tha ‘aprlm vara tayen hy N
DI‘ X, H, Harm in 'the courss of a mora mmml stndy
on thg productivitj of tha river, . ne kindly allomd ne
to extmine the tubificids for the pu**posa of life ‘
¢yele atudies, The sanples vare talcen atvamroximqtely
2 !’lonthly interv'llz; and nt a series of ren'ular stations

Oon a trqnﬂeot acmss tha rivar. mzplicate sanples_ ,
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ware taken at ecch station, vith a grab biting an
arga of 20 by 22 eme  Tha ngreemant batween samples is
not vory satlsfactory (Appendix 6), but there is
Toason to balieve (p. 5.53 ) that the srmplin~ technique
w23 not quantitative with regard to tubifieids. The
Sanples wore slaved through a sarias of mashas graded
down %o 0 6 rm and sorted by hand, ‘ o

Tha aamples from Uinﬁnrmare and LLyn xepid were
ﬂadd aVLilable to ne throuch tha kiﬁdnass of Dr, R,O.
Bribkhurat,‘who investignted the 1ifa cycles of other
€onsra of tubificids. In Vindemore each sanple -
consintad of the contents of 2 Himen nrahs_taken fron
34 n, depth. The content of anch sample was sieved
in the laboratory and presarved, and later sorted by
hang, The agraament batwean'éamples wvas falrly satlsfactory
(ﬂvpandix 4). 1In Liyn Tegid the sanples were also taken
with an hkman grnb, each éample'ccnsiéting‘of the contonts
0f 2 grabs. They wore siaved in tha field and sorted
lataer, Tha éwraenaht batuean'sﬁmnlas was not. vary
Gtisfmctorv vith raspact to L.hoffmaist@ri (Appendix 5),
At both localitias sanplas vers o) ken at monthly
Antervay s over a pariod of 12 ﬁonths; |

InLtha 3h;op hirs Union Consml, and ocen sionally
in othér localitieé,‘tne nusber of specimens obtained
in Gach}samﬁle\wasyao large that in the time available
1t wvag only-possihlé to‘éxaminé'sdbsamples. " In such

®2ses approximately 100 specimens from ench sanple were
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exanined. The spacimans ware selected =t randon,
tha technique havinr first been tasted and proved
accurata (Appendix 7). For ths raasons discussed on

' paca 442 no attenpt was made to wairh or naasure spacimens,

_ 3) Inferpretntinn of fie]d datn

The interpretation of dntn dqrived 'rom field
investigationa presants soveral problems. _ The prineipal
0f these arisas from the variation in abundonca of
Spacics from site to site within a single loeelity
that nmay be obsarved in tha field (pv. 3.33 - 3.38 ).

The existenca of such variation increases the difficulty
of interpretétion of data derived,from’monthly;samples;
83 it 1is possibie thaf the sameApopuiation iz not dveing
Sampledieach rmonth, The daesrea of‘vgriation that ocours
v ony ono locality is indicatad'by the agreenant of
_the dupliqate;samplea. 1t éan ba saaen fron appendicés‘
16 that this is generqllJ sﬁfisfﬂctory with ragord
to tha proportions of the nﬂturity clm>eas of each smcles,
Th@ arraagmant 19 10@3 satiafactorJ w*th rogard to the
’uﬁbar of specinans in each naturity cleso, the nurthar
of each spacias and the total nunbar of sracimens. . The
difficnltiaa this prasents in deterniring the Adensity
¢f_6nch Ppacies will ba dealt with in n later secti Lelel
~In viow of tha agreament of rasults from durlieste
»qqﬂpleu uith regnrd to the_ntﬂte of naturity of ench '

snBcias and tha anll nunher of sreclimens in m2ny snnplaes



after exaninatior the somples were considerad tocether
for the purposs of compiling 1ife history tablas,
Were rossible the results ere ezpmssed&in terns of
t!xa‘parcgntage of individuals in each m‘é.tu:_r_ity class,
WMiilst there are cocont objections to expressing data
in parcantazas, this mothod of exprossion is adbpted here
Tor the following reasons; a) tho direct usa of |
Punbars may te nisleading due to tha varistion that
exista between eenples, as dlscussced ahove, b)‘ip a
discussion\oh the incldence &nd duration pf,breeding
in a population the ralative prorertions of erecimens
in eoch naturity class is oftan more infomative than
the zetual numbers, ¢) the use of percentagas faeilitates
Conparison of the life cycles in different localities.

. There are savaral other difficulties in the
inmrpretatipn of field dat.a, The irability to identify
1mmatura spacinens of TLimnodrilus, excapt in the case of

I-.'.Ludm-:emianua, rreserts o rroblen. . M‘zamvom species of
Limnodrilus is doninent in a particuler loeality it has

- baen assurad that the na;}o'rlity,of immeture spocimens
holong to that syeciaé. W}mm'tim or mora spacies

alv co-doninant no such essuﬁpticn noy bo nada.  In thsse
localitiaa whare irmature spacimans ean not ba nssisned
to any';one sfsecies, tha r§3su1‘cé nra dkpressedl directly

in tunarals.  The fuilure to find eoenons of Timmedrilun

(v, 4.15) neans that the rresenca of smarnatophores




nuct bg talen on the sole eriterion of breading,
Tha akility of Lirmodrilun to broad tuies in tha sanme

sgason (p. 4.11) nust also te coraidarad,  Tha innhility
to recommics npma elnssas nnlas it impossible ts Alatinruish
S’Gﬂiﬁbﬂﬁ that have bred and vhnsa fmanltzlia have
Tegresued fron irmature speeimans,

Tha tina talan 7 -0r spacinang to attaln naturity
vill aleo affact tha iﬁtar%ratwt*er of raculte,  Thina »
will Le 6&%1% vith in crantar datall in o lﬁ*ﬂr saetion,
hut 1t ia ﬂufficiaﬂ% ta ir?icth farn ?n%* iﬁ Eﬁaﬁﬁ
Sevarzl mon hs %t la“* te It 1ﬁ *%nralﬂr Svﬁnﬁﬁihlﬁ
to rec”uit by aadiﬁ* @;eaiwaﬁﬂ ??ﬁm 6@?*@&% aat%ﬂan tha
‘nmqnliﬁw datas, T SR e £  i

A 3urthar diffiemity zhﬁt grison is “ﬁ% “ﬁﬁﬁi%y af
song gpeelas, partieculer rly T.holvatians nnd 1 n?ﬁ%ﬁ“%dﬁﬁ”ﬂ
1n mil tho loenldties aanplad,  Tittle canfi%gﬂea eauiﬂf
tharefore Lo placad in th Tasults ﬁhtﬂiﬁ?é',‘ In ﬁa”“

cazeqg it wan cwﬁsiiarg& ot thare wag {nsu? ?iﬁﬁa?t

infornation to 8xXyrass the raﬁnlﬁs §ﬂ vq»ﬁaniﬁﬂﬁﬂ.“"'

4) T4°q hiﬁtﬁriqﬁ nn rmvaﬁﬂﬁd by T1aTd ﬁﬁv@wt!wﬁ?%ﬁvg,,'

T hattiad atard

The 1ife higtory o7 this %;*»wiﬁr*@ m tha Shp m‘sﬁ im

Uﬁian aral Qg ﬁ%ﬁuﬂ En ?3*; i?‘~ é@ T¢ﬁﬂ*“@ﬁ€%?ﬂ“i iaai

tha d?%iﬂ“”* “ﬁﬁﬁ*a? ol %*ﬂ%ﬂ%%%?nq in th%q lmﬁqgi
mﬂm




Meonre 17

Droeding #n L. hoffmelsteri in the Shropshire Union Canal.

P@Miﬁe Specimens are indicated by solid eircles; mature specimens
™ open oireles, Immeture specimons sre indicated by a broken line,
e Heuwre glven under each month refers to the numder of specimens

‘mmined. '

No sarples were taken in January and Pebruary 1963 owing to
. .
r“"“l‘ﬁble weather conditions,
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1t 13 nsowied that all inmaturé ﬁp@ciwans ba1anped
tn this Q*BOLGS. | The first observation wns nade in
Lavcmber 1961 whon tgora was n hixh proportian of
b“aeding specimons.  The vroportion of braedinh
Sracimans fell off steadily until JulJ 196 2, with the
excaption of a sulden drov in anuqry - febrﬂ“?J. The
Prorortion of mature worns shousd o steap rise in ‘
¢ehruary - March, This is yrobabi?'diréétlj ﬁtﬁfibutable
to tha tamncrnry cosswtion of hreedinx in Vahruar;, and
}recruitmant Into this class has occurred fron tho Lraedin~
Cataﬂnry. | Tha pronnrtion of imm%turs vorns alco fall
off in Hnrcu, probably asain duo 1o ths casantion of
bragding. activit" in Februxrj. In late surner the '
Proportion: of nature and h“aqdﬁng upacingna rice anain,
a“ﬁ there is a pack of hran%inw "ﬂncimqnu in ”aca*ber,19f°
The population was not qnmwled 1hen the canal was covorad
by fce in the winter o?f 196 /63, but by ﬁqreh 1963 the
Iﬂlulmtion structura vas simi]nr to that ohaerved 1n
ths rravious Saptembars

‘ It would saen that voms ha,cned in ths mri.np and
®wly gummer matured in lata swier and Lamn to braed in
the winter.  The bmadinu pcrio'i ic: ammmn lJ intarruptad
iﬂ»midnwiater when the canal is frozen." ”his mnj'be '
G»re.ctzy attributable o cold or to the sshnrtacs of

wa n vhich occurs under the icas Tha gavnra wintar of

195“/?3 appanrg to have had A mora 4rmgtic effact on
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the population than that of 1961/62. Breeding 1s

then rdsumed in tha late winter and early spring;”
2lthoush at a lesser intensity thon in tha early winter,
The resumption of brazdins rrobably involves the same
Specinmans as hefore the lag in breeding activity,

Breading then declines further during the sumnmer,

8lthourh it never entirely censes. The ensuins autumn
breadins is probably duae to the naturation of a frash
Caneration, but whather they were hatched 7 months or

19 months before is difficult to establish, = Fronm the
‘hich proportioﬂ of spacinans that breed each yaar it
Would appasar that only one year class was praesent in

the ﬁopulation and it would therefora saem nore likaly that
the spacimens had bean hatechad 7 ronths bafore., If this

15 so, the cycle of I,hoffmaisteri in the conal 1s an

unnual ona,
The 1life history of L,hoffmaisteri in Ditton
Brook shows rather a Aifferant pattern (fir. 18).

Prom Novenber to Fabruary the rroportion of nature sraecinens
Tosa, and vmg folloved by the penk of breeding in Fabruary.
Tha proportion of breeding specimans then foll off)

2nd breedin: continued 2t a lower level for most of the
Year,  The proportion of mature specimens also falls off
8fter bresding in Februsry, It renains at a low level
thrbuchout the sumer, but rises to a reak in Au~ust

And September, This penk in tha proportion of mature
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'fha breeding of L, hoffmaistert in Ditton Brook. Details as
" t1guwe 17,
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Spacinans is not followed by a pesk of braeding,
Instead, thers is a f£a11 off in the proportion of
nature specimaens accompanied by a rise in the proportion
of immature worms batwaen Saptenber nand Novarber,

, It would saem that in this loeality worms hatch
in the spring and nature in late surmer and ecrly |
autumn, They are arparently unable to breed at this
tina, and by recresasion of the ponads return to the’
Anmature caterory. The reason for this failure to
braed is unknoen, The increase in the mature class
ffnm Novenbar onwards is probably brousht about by
these spacimons re-developing their gonads, and thay
then o on to breed in Pebruary. Braeding anctivity
then declines, but continues throuchout the summer at
& lowar level.

The 1life history of L.hoffmaisteri in Windermere

18 showm in £ire 19a. Tha proportien of naturs and
hrﬁeding spacinens remains falrly staady at a low lavel
frbm.Janunryvto July. Prom July ommrds thare'appears |
to be a rapid recruitment’of specimens into the nore
Mature classes, and the proportions of thasa rise. ‘
There 1g a tenporary halt in reeruitment in Saeptember,
but this is then resunmad. The prdportion of bréeding
SPacimans reachas its maxirun £rom August to Becemﬁer;

Suhﬂequent to Decarber, breeding decline s again to its



Fipure 19

Preoding in L, hotfmeisterl in {A) Windermere and (B) Llyn
y |
ey Petalls as in figure 17.
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noimal lavel. Thare appears in this loecnlity to be
a simplé‘annual eycle, with braeedins occuring all
yéar round but rising to a peck in 1nt§ antumn to early
Qinter.“ The ecycla hara is not obscured by ftrregular
fluctuations in tha proportions of tha naturity classes
&3 in the canal. o >_ | o | '

In Llyn Tegld, hovevar, which is hydrochemieally
sinilar to Winderrars, tha eycle is very difforent (£i7.10b).
Tha nzreenment batween samrlas was lass sa rtisfactory than

- in othaer loecnlitias, and L.hnffneieteri was not found in

the sanples during the winter months. Nevertheless,
thore ié sufficient information to indicate the’ganeral
outline of the cyele. The proportion of mature specimens -
inereases fron March to April.»> Braéding cornances |
abruptly in lay end is teminated by June,  From April
to July the propértion of nature sbecimnns'dacreaaes;
dua probably to the racruitmant of epecimﬁnﬂ into the
breading class.  From July onwards, however, the -
Proportion of mature spacimens rises rapidly by recruitment
fron tha irmnature class. Some of these specirmons
nay breed in Sapterhar, but the mnjority ﬁppear'to
Taturn to the inmature class. | This appears to ba the
5ora phanomenon as oceurs at Ditton, and a similar )
axplenation may ba preeumed | -

Rother less enn ba snld nbout the 11fa'cyélea of
‘LLﬁoffméistari in the R.Thames (tadle 14) and Raby yool
(tablells);'as in both loealities several other spécies




of Limnodrilus are praesaent and it is not possible to

as3isn the innqtura snacimans to any ona spacias In
the R.Thenes it is nnpqrent that braading oceurs nt 8
hich lavel throuuhout tha whols yanr, The laval is
sonawhat lower in Octobar and Pabruary than in other
honths, It nust be prasunad that production of young'
also ococurs for.nost of the years It is not possible
to datect any cyclic trend due to the limitations in
interpretation of the data._' Navertheless, the ability
of the specles to broed at a hish level throuchout the .
yaar 1s of consideréble interest.

In Raby, however, despite the same linitations
1n interpretation, there 1o avidence of a cyclic trend.
In 1962 the peak or,breeding occurrad in lay, ~ The hich
numbar of maturs specinens 1n‘Juna nay be’dne to the
Dresahcé of specimens that hgd bred,lbptHgot yqt_diaq or
lost their conads.  Preadings does not take placé .

throushout the suimer, Tha ineransa. in mature sreeimans

from Septenmber onwards would seem to ba dus to naturntion

of the new generation. This ganarntion than breeds

fron Tecamber throuth to Februmry, The eyels is

thus similar to that daternined in the cannl end

Yindamare, but the penk of breedin@ occurs later in

Raby and braadins is raestricted to fhe winter months,
From the foreroings necount it is evident that the

life history of J.hoffmaisteri is an annual eycle. The

Paak of braeeding occurs during winter or esrly spring,

5419
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The seasonal chanras in maturity in fhe nnacies

of Limnndriluq. exoludinw Tie udekaminnus, in

the R. Thames at Remdinn.uu

1962 1963
Oct, Naa, :Feh. Moy 'J““Vo

Linpodrilus immaturoe 131 113 104 39 51

L hnfrraintari nature 40 72 61 19 23
- breading 26 73 39 46 0
lecarvix . nature 17 35 : 2 5 .5
‘ "breeding 7 43 33 21 27
LLclannredennua matura 6 3 nm - 2
breeding 0 - 12 17 4 0
Totel numbar ot: . 227 351 204 142 176

Bpacirmens exomined

* Thara is sore evidarce (p.5.53) that supmants that

this clasa is undar-reprasaentad in the sonples,
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- Tha san imnaﬂ mmnms in naturlty in t}we snacips of Linnndrilus

in Rn‘by mrﬁ

SR , f1962 S S - 1963
M M A M M I I I A S S 0 NP P M A M

Limnodrilus spi Imature 18 31 18 26 ,'32‘ 48 53 96 53 5( 23 18 26 21 47 19 38

.

Lohoffnaisterd matwre 5 T 2 6 515 2 2 1 6 3 56 51 1 0 1
| _breeding 1 1 4 11 8 1 0 0 0 100 O 2 30.0 0
L.heiveticusf - mature 4 3 0 9 1 8 jCa 0 0 1 0 o 1 210 01 2
 breedinz 5 4 418 12 5 4 3 311 4 6 3 4 0 0 1 1
L.cla*areée%nus mature 4 3, 6 211 0 0 0 100 200 50 1 2

braaéing ‘,27 5 0 4 0 1 0 00 0 0 0 O 0 3431 1
Nurber of snec:imns - 39 54 23 '{.6 5. 78 %9 101 58 85’ 30 31 35 34 '69. 24 42 14

examined = U U S LA ‘ o

Cocoocns . - . p P D D p P p]af a a =n p aap p-p_ P

Oa,qvin‘:g to the thicknass of tha ice in J:ﬁnué.ry 1863 no samﬂe weg taken,
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the na2w genaration arpesrs in spring end goes on to
bread the followinz vinter. The tining and duration
of the breeding pariod, howaver, varies in different
localities. In the R.Thanes there 1s no well dafired
braading perlod since broeding continuea at a hish
lavel th:yuahout the yonr. In tha canal breedins
continues at a low level in sumer, starts to inerease
in July and réachas a paak in November or Tecenbar,
than daclines gradually to June. In Vindarmere bresding
else occurs throushout the year at a low level, but
the paék.accurs fron Awust to NMovarmber, ’.In_nityon
brook there is a elearly dafined pank in Fabruary, but
for nost of tho yeér brasdins nlso takes rlace_at a
lowar levels On the othor hand, in Ilyn Tesid,
epart from a mmall pank in Saptenbar, breeding appears
to be confined to llay and Juns.. The situntion in
Raby is sim;lar; a3 breeding occurs in April ond May
and caaces during the surmer months before recuming
in the followin: y2a».  The pattern nay ba ohscﬁred
by specimans breading for a ssecond time at some
localit;es and by cpecimns baconing mature but failinsz to
broad at others, -

The factors influencing the time and Auration
of breeding‘are not known,  That clinatle factors
hava soﬁa affact has baan showm in tha canal, It

Would seen likely that the natura of tha suhstratun
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and consaquantly the availability of nutrient natter
1sm;mportdnt. Whare the subatratum is rich organie
mud::as in tha R.Thanas nnd the eannl, breading ocours
for rost of the'yaar at a fairly hich 1ave1; althouch
in the latter site there is = perk in vinter and a decline
in summar. In Vinderners and Ditton the winter peak is
nore pronouncad end breeding at othar seamons tdkes |
Placa at a lower intensity, The substratum in Vindermere
-dontainad a fair proportion of undeconposed veﬁetqfion
debrin, and 2t Ditton a considerable arniount of inorganic
nineral nattar. In ILlyn Tesid and uny tha breedinb
Period is shorter and nore striotly seaqonql, and the f
substrata at both sltes contained a hich proportion of
undecompo sad vagetntion dabris and 1nor wn;c particles,
| Dﬁrticulnriy’sqnd. | o "' -

, Thero would thus nnpanr to be a corralation betxman
the dur tion of the 'breedinu pariod and tha nqture of
the substratun, but it is not possible at this atace
to say vhather tha relations hip is n causal one.v lThe
hature of the auh«trxtum and tha availqbility of food are
Paldted, end 1t is possihle tbat,the abundance of food
may influance tha bresding eyelo, It hns baan suggasted
in Chﬁnter 3 that food mqy deterﬂine tha abundanca of a
Species, and in Chantar 4 that the nature of the substratum
Nay 4nfluance the repraduotive eycle. The failura of

NMature specinﬁns to broed in Ilyn Tezid ond ﬂitton in
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Septanber nay ba related to the avallability of tha food
supply. Further discussion on this tople nust be left

until the life history of IL.hoffraisteri has baen studied

under lsboratory conditions,

L. udakaninns

| The 1life history of this specias presantaa rather
leas difficulty in interpratation ns it ia rossible to
identify irmature spacimana,  Tha 1ife hiqtorv in nitton
Brcok isAagowgwin £ige 20, Spacinens hemin to nature

- 4n Yovanber and Decembar, reaching a penk in Fabruary,
Thereafter tha'praportion of nature srecimans daclines,
Procunably as specimens are recfuitad into tha braeding

clﬁss. Braoding basing in Vﬂrch but riﬂes te o

euddcn ok in May, Tha proportion of broeding speciﬁans'

'then £211s off rapidly, due almost cartainly to post
br@adinw rortnlity, to about Juns, continues to daclina
slowly, end ceases by August., The rise in thae pfoportion
°f nature Specimans‘in July is possibly dua to breeding
,Specimahs in tha initiel stages of dagenaration of the
Conads.  Cocoon nrd%uction gtarts in Hay and daclinaes
throurh June and July, mllowmb closaly on brnadinp;
~ The OVBIﬂll rroportion of ‘breading syecimens is
v not very*graat anﬁ it appaarq thqt only part of the
total papulatign breads ezch yior, This susoasts the

8xistonce of two ya2ar claszas in thg populﬁtion; one
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Br&eding in L. wilelcemisnus in mttcm Brook.,

by
loury 17, Arvows indicate the presence of ¢ocoon,

Details as in
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of which brgeads aach yoar, It would seam that the

1ife cyela of L.udokeniamis in this locelity is as

follows. In Saptembar sll spocimans ars immature,
but the popmlation consists of speimens of tvo yaar
classos. Ono of thaso, the O+, is composced of
spacimans that hatch out in June or July, whilst the
bthmr; the 1+, is conposed of individuals that hatched
out 1% nonths bafore, in thoe nraovious July, The 1+

‘Bpecimans ctart to becocme mature in Fovember ond breed

Iron lMarch to July, the pewck occurring in May,  The

‘“,majority of thase spacinens die after breedinu, althouqh

'~ Bone nay undorgoe goned resression and survive to |
 breed agein the following yonr as 2%, It is possible
that those crae the ecvly Mareh bresders.  Cocoons '
appaar durin: this perﬁad which hateh to giVG the naw
Gﬂneration. Thiz gencration takes about 16 nonxhs
to attain mqfurity and breeds at 21 months, Tha
Popyulation in September will agnln be a nixture of 0+
ond 1+ specinens, The cyela 1s a relativaly ainplo
hiaﬁnuml ona, and bresding takas plece over a short
Pariod each yaar, Lo

Tha cycle in the R.Thenas (fic‘. 21) is 'oroba'bly‘
sindlar, but the pattern is obscured by the continuation
of breedinz for rost of the year, “It'saams likely that
the cycle is again a 2 year ons, and the peck of
breading, thoush less wall defined, occurs in lay,




?imm £l

Droeding in L, udakmnianué in the River Thames. Details as
B #1pure 17,
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The £a11 in the rronnrtion of nature srecinens fron
TNaconber onvards is pqrqlleled by a rise in tha pr0portion
of braadinr ones, Cocoons wore not found in the sanples,
'By October tha bulk of the ponulﬁtion is 1n the imnature
'“Olamai and from October to Docewber the declive in the
CProportion of this class is nrobale due to tha xﬂcruitmﬁnt
70; tza 1+ acnarq*ion intu tha mntnrn clnﬁ f Braading
ithroudhout the year, assunin* it iq acﬂoWﬁanind by a
Ncontinual production o young indiviﬁuﬂlc, o%v*ouﬂlj

obs seuras any chlic +rands,’and wi’l ha dirac*]J responsible
Vlur the existenca of eontinuous hrqading in subsaquant
Yaars, ' ) '

Tho life eyela of T u?a‘mmiqnu@ qnnqﬂﬂa then to}

bo a two yaar ona in hotb 100”11%164. .The peﬁk of
zbreadinm occurs in R“J but in the R.Thqmaq nraeding |
continuas over a lonjer poriod. This situﬁtion 15
éimil ar to thut found in %.hn@?mﬁiqtari wharu braading

GOnt4nuad at a hisher 1ev91 and fcr a lonrcr pariod

in the R.Thanas than in anJ of tho othcr sites axeninad,
' It hua been uuggestad that this 1o due to tha creater .
Drcductivity of this habitat and the avwilnbility of food,

- and tha eama argnments ara Gnuallj valid for I.udekeninnus,

Phat twa sveciau aheuld show a similar trena 1n otberwise
&i&ferant 1ifa cycles in the samg hqhitqt EUpﬁestg that

thﬁ 3ﬁma fﬁctor is rqeponﬂible.\ \Tuuq in T,udqbgnianuq

th@ra ia alua o COTTGlmtiOﬁ Latw@en tha ﬂurafion of

br@@dinﬂ and tha nroﬁuctivity of the habitat,
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T, elormaredannus

The difficulties in intebpreting‘tha life histories

of this and the twe romnining speciss of Lirnodrilus

are considerable. The inability to identify them when
immature made it impessible to caleulate the proportions
of individuwls in esnch maturity clasa..' “urthernora,
»none of thase three “nacies occurred abundantly in any
'lccality. Conclusions had of nacessity to ba dbased

on tha exanination of too fow specimens. Only the time,
the duration and some idea of the intensity of braeding
could be Obtained.

" The occurrence of L.o1wnqvndeaﬂuq in ths canal is

Shoyn in table 16. It ecan be sean that mnture specinens
wara pre@ent from Novenber to May 1Q62 and fron Novamber
to Anril 1962.>' No braadine Spacimens wvare discovarad
in 1962. Thair absance mny be Aua 901§1y,td tha low
humbars of specimana exn~mihad, In 1933'br0eding spacirnens
varg found in March., Taspite the paueity of material,
1t doas anpear that breeding moy be seasonal and is
Possibly eonfinad to the winter and early springs. It
May not occur in summar, |

In Raby (tahle 15) broedins takes place from
Mareh to MQJ 1962 end from February to May 1963, The
madcrityvof nature Spgcimena vara found durin~ the séma
Pariods, ‘_Breading dgos not appaar to take place during

the surmer and autumn, The nature specimans found in



TABLZ 16,

Tha incidence of braedine~ in I.,elnnaradannus

in tha canal.

e

1961 1962 | 1963

CEDJIRPMANJIIASOND M A
Mature 10452210000052 12
,_nmeaing‘oooooooooooo'oo" 2 0
NUmher ot

emcinem 10452210000052 ; \'3/'3&“

N0 samples wera ta&en in anuarj and eabrunry 1963

owinm to unfavourqble veather eonditiona.
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August ard Octobsr miy be spoeinens breeding for a
cacond tirme. Daspite the small runbers exanined,
brosding again appsars to te sirietly sensonal with the
Pock oceurring in spring. | I . o
In tha P.Tnames (table 14) breeding tokes vlace
- Over a longer period, fron Tacember to May.,  The 1argest
- Pumbers of breeding srocimens arg *ounﬂ in Deconber and .
:Ebpruary, lMatura ecpeeinens are elco present in Octaher,
But o méxuravo; braading nwecimans were faunﬂ in July.
ﬁusrite the pouelty of materiel it is possible tof
draw gone prelininary conelnus iona‘regnfﬁing the breading

eyels eflm;elnparadaanug; Proeding in this species =

8rpears to ba striectly ﬁaiuorQ1, and %o be confined to

- l&td vinter and early Sprinb.““ A similar pattern to that

Tound in the previous two spacles of Jimnodrilus discussed
wag found harﬁ alcoe. Tha b“eading period was of 1onger
‘5&r3tion in tha nore prnduntive R.Thanes, but oven in
this locdlity 1% was 51111 rastricted to thq w;nter mcnth
It i“ not pOﬁﬂibl& on the iafor&atimn ohtairod to

dﬂternine vhather yoar elasses ars rrasant in a population,

T.carvix

The occurrenca of this evaeies in the cqnal is_ shcwn
in table 7. Matura and broadins specinany wera found
tareughout tha yanr. Prom Tabruary to July inelusive

Q“Draximately 50, of t!a srecinans were broeding,



TARLE 17

Tha ineidaneca of braadins in L,ecarvix in tha eannl,
1961 | 1962 © 1963
d &4 ASORD M A

I“-'Iatura‘i’_” _30414 3,‘1‘2 56 00144 to

Draedins 11010121 6 5 10112 1 3

Totel muber 414244331111 10256 2 3

of anacinans

Yo smxilé's wara talen in Jenuary and E’ebﬁaary 1963

owing to unfavourable olimatic conditions.



There is incufficlent evidence to indicate whether
braeding of this species in this loeality is saeasonal
or not.

In the R.Themes (taeble 14) nature and breeding
spacimans werae slso found throuéhout the year, There
is no clear evidance that a peak of breading occurs
in any nonth, It 15 of interast to nota that in avary
month excapt October the number of braedinp apecimens
vas greater than the number of mnture ones, .

- From the little infornation available it nust be
cancluded that this spacies 1s capable of breeding
throughout the year.  There is no evidenca of a ssasonal
eycle in aithar 1ocqlity. Broeding aprarently occurs |
at a greater intensity in the R.Thames, but this nay
be due‘meraiy to the granter abundance of this specias
in this loeality. It is impossible to determine

whether the cycle is 2n annual or a biannual one.

T.helvaticus

The seasonal chances in maturity in this species
in Raby are shown in table 15, In 1962 breading specimans
Yarg found throuchout the year, Thers is no clear
8vidance that a paak of breedins occurs at any
rarticular period;'although_tha hishast breeding:
NMature ratlos oceurred in May and Septanhér; Prom .

tha 11ttle infomation available it nppaars that this



DAPLE 3.8

The ineidence of breedins~ in I, helvaticus
in Ditton Brook.

1962 1963

" AUTesse Pab, Mar, Apr. May Jna. Jly. Aug.

Mature snacimens 0 , g o 1 0 3 2
BQBéainﬁ‘apacim@ns 0 0 4 T 4 o 5

Totnl number

of sraeimana
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sracias 1o nbla to braed ot a Lalrly steady intansity
throvshout the yeer, wvith rossibly an inemacse in lay
ond Saptonter,

Few conclusions cm»eawinv tm hmerﬂzw cyela of
this a*"»e.cies cean bo dravm freom its oecurrgres in ’Ht*nn
Trook (tnble 18).  TFroeding in this sita shous sonre
oli ht avidanea of holng conconnl, 2o braading spacimans

er®

were absant from Awsust 1962 to llhreh 1963, - llnture
spoeinans 2irst apposrad in thias latier nonth end mmiﬂtad
until August.  llovevar, eines so few speeirans vera
axwiined, the apparent cbzonca of wintar braeding in
this loenlity noy be of no pisnificance,

- Littlo eun bo pold concsrning the 1ife eycla of
this & :ocias. It ia apparantly capable of breeding
'ﬁlmou:*mw tha ycs *y and thers is 1ittla evidance o2 n

cyclie pattern.

b) nm*mfaw Ir*vz:;'f*mmrms

In crdar to elarify mnd eonfirn :*m?!:,g of tha fiald
obsorvations a saries of nraclag ro‘*;ul"*"'i.otx'i wara sat up
undaxp 1nmr<.tcry cr\ndi*}.nm Infomntion vas *w‘*’tic\ﬁm‘lv
Mr}txired on tha w“aats Qf tha Holo"" that vonld rx*’fcmt
thy Interpratation of th Tiald datn,  The nost important
footor An this resnaat 1van tho tim tnkan by sreeinons
to attain natur wity ond tha Mnm;h of the 1ifa eycle nf
8ach spescim. Unler thana conditions 1t wne aloo
deaided to invw‘tip; nte tha mlw:!.omhi'n batvesn the nature

of tha pubstratun and the durntion of the bm@din nariod,
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Finally, it was hoped that 1t would be possible to

obtain more detailed infornation on the 1ife histories

of thosé spacies that could not ba identified when imnature,
A1l laboratory populatlons comancad with breeding

spacinans.  Tha spacinans wvere taken from fiald

populations and acelimatizad before resular ohservations

commehced§ The tenperatura was naintained at around

14 deg. C, ond did not £211 below 12 dag, C. Species

vopulations wara kert in 1s0lated dontainers; but with a

Oommon vater supoply. A popuiatioh Of eéoh Sfeéies was

re:red on a substratum of sand »hich had previously been

kept dry *or 6 months, but vhich was neaded with a

.&nall anount of orﬂmnic dehria. In addition, pomtllations

of L hoffmaiqteri uera rearad two othar types of substrata.

One vas rich orgﬁnic nud, previou 1y ateriliqed to
ranove any tubificid agcs or cocoons. ”he ‘other wﬁs
Bandy-nud, formed by the artificial nixing of equal
V01unea of tha dried sand and organio mude |

A1l populations wera exmnined at monthly intervala
nfter the‘pariod of acclimatization. The entire
Buhstrdtum.ofveagh containa; was slaved throuah a mesh
Qf 0.4 rm, ond thé'substratum and water thehifeturned
to the original containar,  Tha spacimena vers 1ishtly
2b2oothatised to facilitnate ernminqtion._f.After exanination
.they were placed in a dish of wnter to racover from the
f Bresthetic,  Any mortality dus to thls could then be
Qstimatad.’ | At no time was any evidence of post
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anagsthatiec nortality found,  All sryecimens in each
POpuiafion wara examined. Apy.cocoons prasant were
counted and returned to the contsinar. 3
The populntions on a sandy substratum were examnined
over a period of =z yanr. Those on a nuddy substratum
had to be terminanted bafore this period dus to the author'

transfar to enothar department.

T hoffrindstart

The 14fe history of this snecies on tha thres
different tym 8 of substratum is shown in table 19. .
Cons idarinp first the lifa history on tha sandy substratun
(table 19a) :u-. ‘can ba saen thqt a he'wy nortality takes
Place in the firut honth after breedinh. The number
of breedinr sPGcimcns then declines less rapidly until
tha £10th nonth, after vhich it starts to rise agnin,

The re-comnencanant of breadinp in the sixth nonth is
Drobale due to ‘spacimans breeding for a sacond tine.

The rapid inerease in tha numher of braadinr specinens

in the tenth and eleventh ronths ia undouhtedly due to
Speeimons recruited fron tha matura clnss, vhieh hes

baen increasing from tha saventh month onwnrd@. »Thq'
_1ncraasa in the nunber of 1r~ﬂtnra apecimens oecurrad

in the fourth month aftar the comnancerant of the culturs,
but took placa Morae praduq}ly follouinv tba reak of
hr@eding in the tenth and eleventh vonths. No cocoons

Warg observed at any tima.
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TATLE 319

The Eréedihq,cycla of T, hoffmaistari undar

1nhoratnry conditions,

a) Smndy su?strqtum

Honths nftar conmencement of ohsarvations

,‘:9...?.15;2 618 2 10 L.12 1
Innﬁture O 4 - 16 127 91 70 5T 63 . 83 117 141 225 219

Matwre 012 - 8 11 16 11120 36 27 20 5 12
Breading 78 15 ,~_13 3 0 4 6 8 | 5 21 26 2 5

Zotm 70 31 33 37 141 107 75 74 91 124 165 187 232 236
In the aocond month tha populztion was not. divided 1nto
maturitj claseas althcuzh tha total nunbar of qnecirans

was countod.

-b) zndj-'iud substratum

Mon+hq arter commencement of ohqerVﬂtiona

o1 2314 5 5 18 2
Inature 0 1 7 10 34 % 76 75 " mn 61
Hature = 0 9 2 1 3 o .° 2 0 3 o0
}h@ga;ﬁ¢18 2 4 6 9 3 1 0 3 o0 0

Totel 18 12 13 17 46 T7 TT 77 1 T4 62

¢) Muddy-suhatratum . ‘ B o
g Months after commoncenant of nohssrvations

o L 2 31 fr. 2 5. 18,
Immaturm 0 1 3 56 62 64 67 4T 48
Mature 0 4 0 2 4 0 0 8 3
Breedinz 17 1 3 2 O 0 O 4 0O

6 6 60 66 64 67T 59 51



It \muld “ecn, tha“ &ﬂt‘wmfm$ hat¢hin3'in'thé

i’ourth x.cmth ba:*in to rﬁmm whan four rﬁdhthsnld and
go nn to h“aa& at abnnﬁ ﬁava% ncnth 1t is Aifficult
to autimnta uhat rrnportion of this ganarxtion.hraada in
its first "aar. | The rninimun porulqtion ‘siza before
hraading i” 74 spscimﬂrv (in tha sevanth month) and the
nunher of braadinﬁ_svacimans ohaarvad ot tha haipht of
the breedinm pariod (in tha tanth,nnd elavanth.mnnths)
is 46. , uinca parmn+aﬁ}nrﬁe nra rnrarm’ly ratninad for'
1@3@ th h fanr uaak% (re 4,20 ) it is evidant that %%a ‘

m.e 1ndividuals unre nat haiﬂg ab ervad 1n thﬁ hrﬂadinu
claﬁs in hoth of thasa van*!s. Tt would eﬁﬂ‘liLely, o

han, thnt tka m%jgﬁitg mr zacimqns nrﬁ braadinm in |
their firat yaar. It iw ﬁlro Rﬂwarant thﬂt av&n n
papulﬁtian mhish vawmaﬂcad with all @%ecinena at tza e
some ﬂtars af matﬁrity ezn ra%ulﬁ iﬁ R pa rulntion in

which ﬁpacimﬁna cf a1l r*a»ns of naturity are prgvanﬁ

within 1 nnnth, and 1n vhiﬁh hreadin may eeeur thrmughnuﬁ
tha Jaar.f“ Thia daﬂan trﬁtea claarlv h@w the axiaﬁaﬁea .

f ﬂ Gjﬁlic p%tterﬁ in t&a 11fa histerg mqy o Qh@g&rﬂd e

:undﬁr fiald candiﬁiona v&ara Spﬂﬁimﬁ“% in ﬂll thraé

naturit; claﬁﬂag nrﬁ pr@@ﬁﬁb &t tka cawmgn&gﬁqﬁt of B

'the brﬂadinL awnaﬂ,

On a mubstr tum of wanéyawud ( a%la 19%) gora

PR h o o earh T R Bt

"ﬁi”fara%aa% ara avpﬁraﬁ% iﬁ thy iﬁfﬁ hiﬁ&sﬁg. ‘;%EQ §$$% i

1rbraadiﬂ* nartqiityfuaﬁ aavaiﬁarﬁﬁlv'za%q ﬁﬁ&ﬁ iﬂ arfﬁg{eﬂ;

, cu1turas. | apacimana aﬁwumad ta ha hragdini far &
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tacond time aeppaar in the secondvmonth; inerease into
the fourth nonth and fall‘off into thae sixth, . The
thraavspecincns‘braeding in the eighth rnonth nay be
speeinons breading for a secopd‘timé or they may be
‘the first specimens of tha new,genaration;_, Mve to
six months ecfter tha.anearance of most of the snecimens
of the new gonarution there is po sitm of their reqchinp
.matur;ty.' On a sandy substratum the new reneration
braﬂ.éitar sevaen nonths,  This suspests that under.
these conditions spacinens either do not breed until
thay,gre a year old or 6vef, or that breeding will set
in rapidly in the population without the gradual. incrense
in thavhumber of natura upeciﬁens that normnlly preceéds
it, 1 It is not possible to deternins wvhich is tha dase.‘
On a”muddy subatratun (tabla 199),%@9 11fs history
1s in many ways intermedinta batwnen tha two pattarns
‘epnsidarodAabove. Iroeding 1a follov2d by a henvy
MGrtality as in a sandy substratum, Specinmens asawned
to bs_breadingiﬁor a secohd time are present in iha
Seéond.ahd third nonths. In tha sevanth}mgnth»lz i
3Decimehs w@r@ present in tha imature and breeding elnsses,
but‘anly six of these could héve been speeimens from the
Dérenﬁ ~enération.~ Some few srecinmens of tha new
Eﬁnar,tinn, tharefore, must be maturing at 5 - 6 nonthsa
old, "”hare wes no evidenca of tha najority of the new
@@naration raachinf'maturity, althouch they were nix

months old at the tarminationrof exparimantol observations,
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It 48 evidant fronm the studias outlinad above

that the are at wvhich srecirens of L;hoffﬁaisteri attain
naturity may vary batweasn rorulationss  Opoeimans mﬁy
becgme mture at four nonths old; but thay‘do nof appear
to bread until thay are at laast six or saven mohths old.
This must,be considared to dba the’ nininum 20, Mora
often, there was no evidenea of specimens even attaining
naturity at 5 - g mcnths olde. In one exanple, however;
1t was shown that the majority of specimens becans
maturevin}thaif first year of lifa, Under field
condifions of a lower tanmporatura, it is probable that
the time taken to ottain maturity vill bts evon longer,
Houaver, if four ﬁonths is takon a&s a minimn perilod,

1t does show that it is inpossible to raeruit naturs -
Speciriens from cocoons in botusen tho sampling dates,
Thaseyreéults aleo confirn soms of the conclusions
Orrived at from the £1e1d studies, The 1ife history of
: Lboffmoistart appears to be basienlly nn arnual cyele,

| V§th pasks of Braeding occurring at approximately 12
 Monthly intervals, The braeding pardod, even under
‘Btabie environmantal conditions;lis not sharply defined
but_is sp:éad‘dﬁér several months, There is no
ilihdication”in table 19 that this is influenced by tha
JNaturg of the suhstfatum. ~ This qanhot ba ragnrded as
°bn¢1usive‘proof that no ﬁUCh relationship exists, as.

Sy evidence would have to be based on tha length
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of the brgeding poriod o the new genartilon, The
tomination of observations on two of tha cultures
occurred bafore the commenceront of this second hreeding
pariod, and therafors no conclusiors could ba drawn, }
The relationship botwsen the ganeral braeding pattern and
the nature of tha substratum will be discussed in a

later section (saction cl).

Tondekeninnusg
The 1ife history of this épecies under laboratory
conditions is shown in table 20. = Dreedins fell off
rapldly et first, then nore slowly'and‘had censed by
the f4fth ronth.,  The post braeding morfélity was slicht

ag compared”with L, hoffmaisteri, Thers is no evidence

0f specimans broeding for n segond time, at least in
tha'sama saason, The specimens naturing from the

S8evanth month onwards and the single spacimen braeding

in the elaventhvmpnth nay be»Speéinens of thoe parent
G@naration breeding for a sacond tima, Althourh the
najority or specinang of tha new generation appeared in the
Tourth and fifth nonths, thare vas no evidence of large
PumbersAnearing naturlty at the termination of obsarvations,
Whan they were nine to ten months old. It appeared
1n$tgad that the new gereration did nét raach naturity or
bread in its first year of 1ifa, It is interesting to
hote that the pesak of eocoon production did not occur

untiy 3 mbnths after copulation, Tha interval of tine

betiaan the two nisht be expected to be considerably

B Shorter.



TARLE 20

" Tha breadins evels of I,udskenminnugs undar -

1adoratory conditions,

Months aftar commancerant of obsarvations
0123 4 5 6718 921021 12 13
Immature 0 2 -9 63 89 94 £0 63 63 60 50 64 65

fturs 0 4-6 4 50111 3 2 0 0

Breedinz 14 6-4 1 0 0 0 0 0 0 1 O O

Tot~1 14 12131963 94 04 81 64 64 63 62 64 65
numtar of , . o

Sreeinens , B .
Cocnons 0.31)20 0 6 0 0 0 O O 0 0

hg SRR
In the sacond nonth the population was not divided into
Maturitj classaes olthough the total numbar of specimens

wvas counted,
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It is evident from the above account that specimens

of I,udekanianus do not attain maturity in their first

year, =~ The aga atvhreading:must th@rafbra‘be‘l+ years,
It would seen thon that the 1ife history of this svecies
is a 2 yasr eyecle, aWthouﬁh some spacimans nay survive

to breed in their third year,  This con?irnq tha results
from field investigntions, whara the axistence of &

_two yaor cycle and tha presance of two year clqs«eq in a
ropulmtion was suggaoted. The life httorv s daterminad
ébqva‘is in faet vary similar to the 1ife history of this
Bpacies at ﬂitton brook. Eroeiing took nlnce over a
Ehort period, vith o peak in 8vr1ni,‘tnd only a small

Droportion of the ropulntion bred eaech yaar,

1. elanaredanms

.The 1ifo history of this spacias under laboratory
conditions is shown in table 21. Breeding fali off
fapidly; ahd%terninatad in the fourth month.5vuature
specimans bagan to sppaar in appreciable numbers in the
‘Seventh nonth, increased up to the eleventh and then
d@clihed_slowly. Braading re-cormencad at a low rate in the
savanth month and continued at this low rata through
t0 't;he slevanth, TNurings this pariod'a‘total of 17
hreeding speciﬁansywas obsarvad, hut since only 8 spacimens
heq éufv;ved of the parant fanaration it is gviaent f

‘that some of thase spscimans at lenat ware marbare of



TAPT 2

" Tha bhrasdin~ nvela o? 1, c6lanaradears under

iﬁhoratbmr conditions,

Months aftar cormmancamant of ohsarvations

&

3 A 5 6 80>30

hamann S AAATIC A

Imnture O 3 - 3040 383724 50 TL 54 47 62 42
Hatnurg 0 3 -0 210 :7',9117-.7 2 1 1
Pracdine 16 2 - 1 0 06 0 5 1 3 4 4 0 0
Duninar of - C e - v ‘

snecinens 16 8 11 39 42 39 37 36 60 85 65 53 63 43

Cocooms © 0 7 0 0 0 0 0 00 0 0 0 O

R Aty

In tha second month the population was not divided into

Naturity claésashalthbugh tha totsl nunmbaer of sracinans

wag counted.



the new peneration. It is difficult to estimate the
proportion of the new generation that was breeding.
Assuming that all those spacimens baelonged to the new
Ceneration and that spernatophores vere retained for
lass than a month, the highest estimate was about 507,
The number of breading specimans appaared to be less
than the number of mature specimanrs, susgesting that
sorie spacimens of the new aenerﬁtion may have attained
naturity but not gone on to bread. 7

Fron the atove consldarntions it 1z evidant that

soma spaclmens of L.clannradennus may braeed in their
first,yéar; but a larpe number do not breed ‘until during
tha gecond yanr, The minimun age at naturity appaears

to ba about 5 nonthg, and at breedinb 5 - 6 months. Most
Specimans breaedins in their first year d4id so at seven
to nine months old. It would sesm that the 1ife history
0f this species nay be a ona or two year‘cyéle; and 1t
nust be concluded that a field populntion may contain a
Mixture of two year claqﬂes. Dreediny occurs over a
10ngar period than was gen@rqlly foﬁnd in'thé field; but
this nay ba attrihutable to the hicher temverature

Under 1aboratorJ conditions. ‘

T.carvix and TL,halvaticus

'‘Breaedings apacinaens of both speciaes wara isolntad

and removed to cultures as Assecribad earliar (p. 5;29);
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In both species the numbar of spacimans stendily }
declined, and ultimately oll spocimens diad.  No new
individuals ware producad,

e) POPULATION STUNILS.

In the previéus sactions tha 1ifa histories of the

ﬁritiSH”SPGCiéS of TinnoArilus unier field and laboratory
conditions have been considarad, but no account was taken
of tha'ovérallrchangés 1n‘abundancerf‘each‘sﬁacies'in
each locality. In the prément'saction an attempt

1s made to evaluats certain population trands of each -
spacies, in particulsr birth and death rates, and to

raluie then to tha chnnges‘ih dsnsity‘of aeach population.

1) Porulntion biolnwv uniar 1ahoratony eonditions,

L.hoffmeisteri

| Tha data on which the folloﬂin, caléuldtiéns ara
based is given in table 19, 1In ordar téycbmpafa‘the'three
DOpulqtions»attention was roncénrrqtad unonathree aspacts
of the‘populatioﬁ. Thasa vara the fecundity of
1ndividua1’apécimcns; the rost hreedin» nortqlity and
the intervql hethen tha pank of hreedin and the maximnm
humbar of imnature qnecimen

In the abuence of cocoons (n» 4 15) an estimate of

facundity prasanteﬁ_many difficultias.if Itwwgs not
Possible fb determine dir@ctly the nuﬁber of younr
Producad by each individu2l or the proportion of these.
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surviving to the stara of "hatehing, Instead, an
indirect astinate of the number of youns produced was
obta*ned. It will be sean fron table 19a thnt the
naxinmunm nunber of individuqls, 141, occurred in the
Tourth nonth after tho first dbraeeding caason,  Of

thase 31 at the most could have baen spacinmsns of the
parent ganaration which had survived breedingQ Aséuming
that no mbrfality had occuﬁred‘in thasa‘specimans, a
nmininum numbar of 110 new 1ndividuals must have been
Producéd. | If mortality had oceurred, this aestinate will
bs too low. At the settinﬂ up of tha cultura 78 hraeding
Spacimdns_wera nresant, and it was nssumed thnt thase
ware responsible for the production of the youn:
spacimns, - On averaprs, tharefore, each breedin? sveciman
had produced 1.41 individuals,  This was talen to be

the ninimun fecundity of J.hoffmeisteri under this set

of conditions. The estimate is undoubtedly too low,

as it assunes that all the srecimens that survived
brosding did not die latar, and that no mortality had
‘Occurrad anonsat the juvenlle specinens, Bath assumptions
&ra liable to be incorract, but naverthaless an

8stimate of fecundity that nny be used for‘éomparativa~A

Purposes can ba obtalned. In genefa1 terms,

"maxirun size of population -« number of
~individuals survivins hraasdine -

facundity =

total numbar of hreedingrapecimens.

This formula will be used in future célculntqopq of fa Ay
e cundity



The post breedin: mortality vas sirmpler to
calculats. It vas assunad that qwecimons that survived
“the initial prost breedings mortality survived at least
for sevarsl nonths,  Usings the data in tadble 13a, 31 _
gpacinans survivad breedings dut of an initinl total of ‘;
78 breeding spacimens.  The nmortality was thaerafors
47, or, sxprassaed as 6 porcentase of tha original size
of the population, 60,. In panaral tarms

_ori«in°1 nmnmbar of breedinr ~naciner‘

o o . 7. = number of spacimons surviving H
Tost braading nortality = braadine ;g

orisinal number of breeding snecinsmy

,This fornula will be used in future eﬁlculations of
post brosding nortality. The interval batween the peak

0f breedins and the naximun number of inﬁature spazimang
is determinsble directly fron table l9a.

A comparison of these statistics for populntions
of T, hoffmaisteri reared on thras differant typas of

gsubsgtratun undaer laboratory corditions isvgiven in table 22.
It is apparant that the ninirum fecundity is directly
Talatad to the natura of the substratum, and incraensas

vith its nutritive valne. The rort breasding moitality_

for the sand and the nud substrata is of the sene order,

but is considernbly less on the sandy-rud suhgtratum, .
The reason for this is not readily}apparent; as it might é
be expactad that the mortality undar thess conditions would

5
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|
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+
i
i
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TARLE 22

. The population statistiecs of thraa srecias of

TLimmodrilus raamd undar lnhoratory conditions

Lhot?,

Substratum S SM M

Minimum fec'urvxdibty 1.4 3.1 3.5

Pogt-hraeadins 6058 337 644

nortality

Interval batwaan
Danlk :
and paenk of 4 5 4
lrimature

snacinans in nonths

Tor explanation of tamis and mathods of ealeulation

Saa tex‘t.

Lamang.
: I:hoff = 'L: hof*raistari

T.clap = J.elanarads anug

5 = sand 31 = aandy-mud

L. udak.
S
5.8

147,

T udek = Dendakaninnus

M = nud

IJC]_O!?‘

2.1

5057
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be of the sana order as in tha other two eultures.

Tha maxinun nunber of inmaturs upecimsns arpanrs at
about the saie time after the pask of breedirg in all
thfee_cultures. In the sandy-mud end nud cultures the
populntion did not breed ngnin in larpge nunbers during
tha pariod of obsaervatlon, anrd it was not rossidle to
calculate a second valua for any of the statistics. A
sacond breeding period was observed on the sandy
substratum, end en estimate of the minimun focundity
£ava o ninimum valus of 2.2. This ié hirhar than the
valua of l.41 obtained earlier for specinens on the sama
Bubstrntum, but is still sicnificantly lower than thae

valuag for the other two cultures.

Laudekaninnug -
| The population statistica for this species on a sandy
substratum are showm in tablas 22, Théy varae eéleulated
in the nanner daseribed for I hoffmaistari on the basis of
the datas shown in table 20, Thae faocundity value of 5.8
1s conaiderably hicher then tha value for T.hoffmaisteri

both on tha snna substratum and on mors productive substrata.
It 1s also possible with this spaeles to ohtain an estinate
0f the mortality in thefeocoan'sta§@.~ Sixteen coanons

warg found up to the third mahth after breading, with a
total of 81 egns. The numdar of youne produced is
8stimatad at 82 from tadle 20, sugrasting that there is
little or no mortality in the aariy stares of davelopnent,



5.41

This eppears rather unlikely, end it would seen that

sona cocoons nust have baen ovaerlooked, or that conme
hSpocimenS'have not producad cocoons. = The maximun nunbar
of young oceurred 5 months after the renk of copulation
and two nonths after the pask of coeoon production,

The post breeding rortality is very much lowaer than in

| either of the other two speeies of TLimmodrilus studied.

L, elanoradaanus

B The population statistics for this species on a
sandy substratum are shown in table 22, They wera
Gnlcuiatad in the rmannar described for l.hoffmelsteri
on the basis of the data given in table 21. The

fecundity‘jdiua of 2.1 upproximntés vary closaely to

the val@e dateminad for the seéond ganaration of
Lihoffrmeisteri on tha»same substrﬁtun.‘ The post breedinh
mﬂrtality'value of 50 is cloeer*to ths fiﬁures for
Lshoffmaisteri than for I,udekemianus. The quimum'

fumber of immaturs specimans. anpqqrad 4 nonths after
the peakvgf‘breed1n5,7_oocoqns only were found in thg
Sacond monthiafter braading, vith'a totaluéf'eg eses,
Tha ﬁumber of‘young produced_was_estiméted at 54_

fronm the data in table 21. This éuggesfs that éithar
Bome cocoons wara overlooked, or that some”individuals

¢an be produced without cocoons, as is knowvn for

Lohoffmeisterl (pe#4.15 )« Tha latter alternative seans



riore probable, os from tha sevanth to the eleventh

nonth breeding wos continuing at a stendy rate but
‘nococoons wers obsarvad.,  Navertheless, the population
siza inercasaed during this period indicating that the
pruduction 0f now individuals rmst have occurred.

If the results in table 22 aro compared, saveral
interasting facts enerea. The intervel batwean the
peal: of copulation and mazimun nunmbor of irmmature
spacimans is of tha same order for a1l three speciles,
It doas not appaer to be related to“the‘nnture bf the
substratum;' Facundity, houevar,‘appdhrs to bé'a ]
variable factor. It varies fron apacles to mpocies,

and in L‘hoffmainteri it 2100 varied in relation'to“

the producfivity of the substratum, The post breeding
mértality also varies, but the varintions show no
ralation to the nature of the gubstrata, It 4s pafhaps
Eignificant that L,u&akémianus; the only species‘with

an obligatory two year 1ifa cycle, had a hisher facundity
valua and a lowar post ﬁreeding mortality than either

of tha othﬂr.two specias, both of whichlappéar_hasicaily
to have nn annual 1ife cycle. It must ba concluded that
Spacific differancas do exist batwean populations of
different species culturad undar the sane éonditions;

but that the nature of the substratum can'ihflﬁanée the

Population bilolosy of any ona spacias.
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2) Populutinn binlo~y unlar finld cnndi*ions H

The n2jor problen in tho study of field rorulations
arises from the loeal varintions in abundance of a
spacias from site %o site in a single loeallty.  The »
importence of this varintion in relation to tho interpretation
of data ha2s been discussad elsevhare (p. 5.12), but in
the procant contaxt it is obvious that cuch varistion
nakes astinatas of spacific densitiaes very difficult, .
The asreemant batween duplicate sonples was not very
Gatisfaétory with rogerd to the total nunmbers of aach
specles prosent. = Navertheless, an estinate of density
13 essentinl 1f tho ssasonal chanrmes in population
nbundanca are to be considerad. In view of the existance !
of sueh spatial yariatipn it vos considersed that the ’
density exprassed in tems of a unit area would have
1ittle méaning; end accordingly density is expressed in
nunbers per seample, by taking the mean of the sanyles,
A further difficulty, also discussed on page 5.12 ,
was that samples teken at the sane ploce may not be
Sanplins the sone ‘population in successive nonths. It
this 4s hnpneninb,_it is avidant that 1t will serlously é
affect the interpretation of any ohserved changes in ;
Population siza, - This possihility’must tharefors be ;
conaiderad in the interprotatiion of results, and an |

attempt nade to assass its inportance..
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In tho prasaent ssetion tha ovarnll chanses in

tha abundance o?f TirmnAariing will bae econsidared in

each locality, This will b2 considered in relation

to the chenges in the size of the breeding and immature
~classes. This will give an indication of the occurrence
of bresding and the production of the new gensration,

Ths numbor of naturoe speeirans has been onitted fron

the fisures, as this class does not contribute to chenges

in the population siza.

- Tha Shronahire Union Goned

In considerins the changés of abundance in this
locality it has bean essumad that all innature specimens
should ba assirmed to L hoffraistori.  As thls was

'tha dominant species this assunrtion does not appaar %o
be unraasonabla, The seasonal changes in abundance
ore shown in fig. 22, | | |

It is evident thnt the ineranse in the oize of
tha population from lny tc'July; 1952; is due to the
apnaarance of large numbers of immature spscimans,
The steép rise in the number of immature specimens in
July 13 not readily expliceble. It has baen shown
from the laboratory studies (p.5.40) that the interval
between the peak of breedins and the maximum humher
0f immature épecimens is batween fouwr and five nonths,

In the canal, however, thare 1s no peak of breeding



Fimure 22

The measonal changes .of abundance of L, hoffmeisteri in the
Swopehire thion Camal, Solid eircles indicate the total numbexr
% epecimens of Limmodrilus present in each sample, Dreeding
Yecimens ara indicated by open circlesi immature specimens by
©lid gote,
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activitJ equivalant to the rice in July in the
previous six nonths, The penk of breeding occurred
in Dacenbor, aight rnonths bafore the rise, and braeding
aetivity then gr xdnally dininiched,  If it is

‘assunad that the spacirmens breeding in llareh wore
’recponsiblo for tha larpe productioh 6f youne, thia would
ogree with tho interval btetweon the two events of four
nontha obsarved in tha laboratory, Ae«unin' the vqtinun
fecundity observed in the laboratory was rea;ised in

the figld, the spacinans hraeding in Harch‘pould only“; ‘
be responsible for the'produétion of about 350 specimens,
Aven if spaecirons breeding‘aftar March are includad,

the nunber of young producad 1s still less than the

800 obsaerved in July. It is’theicforn'di’*ioﬁlt to

ses fron vhere the 1mn3tnra nreci"anq wvera darived,

A higher fecundity valus unlar fisld conditions appears
nogt unlikely, A rurther possihility;_thdt thé
production of immature speeirmens has been éoncantrgted
into one month, also appears unlikely in v;aw‘ot>the

long interval of seven to eight nonths batween the reck
of braeding activity and tho nmaxirmn numbar.of youns,

It i1s perticwlarly unfortunate that no eocoons ware found,
as their presence would hava given a furthar indicution
of thae time of bresding activity, Tﬁe possibility that
2 major chance in thﬂ;envirohﬁant cccurrad at this4

time will be discussed later,
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' Droeding re-conmences in July and October, end
the size of the ropulation risas ngain in Septembar and
Dacandbar, Thé incidencae of breeding is followed by an
inereasa in tha numher of irmature specimens except
in Dacembar, vhare the very larce breedinp population has
undcubtedly bean producad by recruitmant fron the irmature
class that had built up durins the sumer. The population
13 maintained at e hish lovel in the Sprinv of 1963,
despite tha severe winter of 1062/1963. It is rrobadle
that the recruits fron tha hibh brasding population in
_Becenber 1962 are enterin~ the population in Anril 1963.

A part fron the 1neynlicqble ineranse in the size

of the imature clnss in July, a further asyect of tha
DOpulation chanras of L.haf?maintnri in this canal desarves
attention. Betuaen Hovarmhar 1061 end Hny 1952 the
ﬂive of tha popul tion fluctuatad betumen 140 and 9u0
- spacimans par sanple, but fronm Juna 1962 to Arril 1963

the size of the population naver fall balow 470 spacimsnsv
rer samplo. If the size of the populstion for the

8ame month in succassive yaars.is}compared 1t is sean
that the figures from Juna 19%3 onvards sre consistently .
'higher than those for tha praceeding.months; © Ovar the
Pariod of obsarvation thare was evidantlj a permanent
increase in the nize of the population in tha canal,
Itkwould eppaar that during‘1961; or ﬁerhapa even during

1960, soma factor was opaerating on tha poﬁulétion of
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Linnodrilue that kopt the size low, but that during

1960 tha influancs of this factor was groatly reduced

so that tha nofulation was able to increase and maintain
itself at & higsh lavel. The nature of this factor is
unknown., It would appear unlikaly that it was a
dlimatic-one o3 thé clinate was nore savera during-the'
pariod when the population was naintainediét tha hirher
lavol. Dufinb the pariod of observqtibn'na?ﬁrohdunced
Dhysical, chenicai or vlotie chﬁn”es in the canal wore
racordad, althoush it 15 poas ible tha+ such chanpas nay
have occurrud bofore obssrvations comnenca&. Thers _
was no evidenca that a aource of crrqnic rollution entarad
tha canzl duriny 19(2, althou -h this cauld hava cﬂured

an incraqse oinilar to the ono observed, It is perhaps
signific&nt that the hisher population 1evdi'was
initiated by the unaxplained incraase in the number of
imnaturé sréciﬁéna in July;‘ahd 1+fseeﬁs unlikeiy that
tha two evants wore inﬂenendent of each other. nespite
tha fact that the identity of the factors responsible

was not ‘detornined, it is, navartheless, of considerable
intarast to note that large chanpes in the mﬁan &ansity'

of tha population nﬁj occur f£ron yaar to yaar.



Nitton PBrook

T@é soasonil chnnzas in abundance of the species
of Lirnodriius in this loenlity are chowm in table 23,

Decause of the failure to 1dantify irmaturo speeimens,

Lehoffnaisteri and L. halveticus are considared tosether,

It is evidant from table 23a that irmature
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spacinons forﬂ the bulk of tha populatinn'thrbughout the

year, It seans likely that the incroase in the number

~of imature spoelmens in October 1962 was dus to
spacirens that had bred earlier in the sane yaar. The
sizs of the population then graduslly deelined ﬁntil
April 1963, Pron thos nonth onwards tha size of'tha
population incrensad due to the recrultrant of larpge
- hunbers of specinens into the inmatura class, - This
racrultmont had ceased by Aucmst 1Q(3. T
In.1963 the nexinum nunber of imnatura Bpecinens
was found in ths some rmonth as the nxV1nun rumbaerof

braeding »pacimnna. In 11horato"y "tndies the interval

hetween thess two nmaxima vas 4 ~ § nonth s, tut in Pebruary

only 7 breedinr sn@cin@ns varge found, - Prior to )
July 1963, only 34 breading spacimans hnd been obsarvad,
and even assuning tho naximim fecundity recordad under
laboratory conditions is ranlised in the fisld and that
thare is a vary ranld proiuction of young; it does not

ssenm possiblae for them to have produced 389 individuals



DAPLE 23

- Tha sansonal chanems in ashund=nea of Limnodrilus

in Nitton Brnok

eL) I);hn:?fmeisferi and T:..he'\vati’cué; C s
| 1062 | | 1963

A 3 QED I EHANI IA

umber of
Trmacure specimans -
—————TIT 16 94 65 56 29 23 3‘5 17 52 143 389 131

Numhar nf 1 1 3 o : o 0 7 0 4
Paading , 1 1 1 1
}_T“‘T“‘Bm 4T | 5 5 0 3

'l‘nt'*l pumbar of < S
Bpecimens 30 37 117 67 T4 3) 44 54 22 70 178 454 170

b) I..udakeminnus | - -
o 1962 S 1963
A S8 0‘11”3:7.'3'!_51'-3'_{

Kumbar of immature
- SpecImens . 21.78 2!.38 171 "16 50 '71 70 44 57 1'!6 62 €9

Numhar ‘of breadines ‘ oo .
arecimans | _U 6 6 0 O 0 ¢ 1 019 T 3 0

fapa Ut

Totnal number of : C . R |
soagimens 27 76 138 174 219 52 82 77:48 79 126 T1 01

b S e h el e/



by July, It is avident, therafors that eithar"vvv o
breading spacinens are undar-rapresented in the éample;
or that the sanpler has not sanpled the same '
nicropopulation each month, - This lattor explanation
would seem the nore likely, ns it has boan denonstrated
in a pravious saction (p.3.36) that considerahle variation
in the rolative adundance of each apacies rrom aite to
site exists in thils loecality, It is possible that the

' proportions of tha diffarant maturity cla ses within
each speclos may elso vary from site to aita, This _
wag not indicatad by tha duplicate samples, which asreel
fairly well in this respact, but it is‘possible that it

| mighf have been indicated had a larger nuﬁhef of _
duplicates bean taken. s has baen exnlained earlier,
(p.5.7), ths number of sanples taken was linited by tha
tima available. If agregation or clumping of snecimans
occurs, this will ecsentuate ths variatility batweaen
samﬁles.-' A further faetor that may ba of impoitanée

is the scouring of the strean bad (P.5e3 ) which nay
cqusa nicro populations to rove about, All thesa factofs‘
will tand to increase the variability of the 81mples’

A sinilnr situation wag obsarved in ralntion to

the abundance of T,udalominnus in the smie localitYo



(table ij). Batwaen Oectobar and Decambar 1922“

an inerease in the mubar of irmaturo specimons was
obsarved, This:incrensa.was ocewrring at a time vhen
recrultnent fron the individuals hat?hed but.ié Moy

and Juna, the breading time for this spaoies; was no
lonmer pocsibla, The sudden £211 in number of immature
smacinens hetwaen Decanber 19(9 and JanuarJ 1963 is
inaxnlicahla. ~Apart Iron the 1ncrna se in the numhef
~of inmaturs spaclmens in June 19(3 fﬁllowing clcselj
upon tha breeding activity in tha,praviogs month, the
fluotuationa in the pumber of innature specimens during
the pdriod of obsarvation appear to heér,no ralntionship
to tha incidenca of braeading in the population; It
nust be conciudad, therafora, *hat'ﬂs An the case of

Tuhofffﬂ@ia‘tat‘i the s2na ropulation is pot b@in{r grmplod

each month. . ‘

- It would appear than thﬁt in this looqlity ,
agragation and clunping of individuals and rnobile local
ropulations resulted 1n non-representotive agmﬁles;,at
least ns far as tho alze of the populations was cohcérned.
The sanpla anpaarad to glva a good indication of the
incidence of bresdins, and its duration, but were
lass reliable with rqgnrd to its intehsity.f, Under
ﬁhssé circumstaﬁcas, tha chahgoé in the sizas of the
populations in this locality vill not ba considerad
any furthar, | | | R
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Windarmara

Tha chanras in abuninnes of I,hoffmeistari in

this locality‘am shown in tahle 24. The éudden rise
in thé number of s?eoimans', dus entirely to a rise

in the total number of irmature spacimens, between
Jamugry and Fabruary is 1nexpli¢ah:_te. In this loéﬂity
bm@din,j occurs 21l tha yaar round, ‘but the rnonthly ‘
fluctuations in the number of immaturo srecinans baar
no relationship to the incidance or intensity of
breading activity. Ths sane situ';mti‘onvas.found in
Ditton brook appsars to ocour hars, in that samplaes
taken from tha same place do not sanple the sama
population from month to rmonth, © In this respect 1t

is of_interaét to nota that the occurrence of Tnhifex

tanpletonl in the swmiplaes shovwad no seasonal pattern,

The fluctuatlons in ropulation size occurrsd in such
an irre{:ular nanner that the ropulation ehangas will

rot bae considarad any further. It is evidant that any

seasonal changses ars beins obscured by spatial variation.

Ilvn Terid,

The chongas in abundarea of L.hof?Meinteri in this

locality are showm in Aprondix 5. Tho spociocs was not
found in sanmples for four months of tha year, Bven

whon Leyhofmalstard was prasont thore was 1ittle




TARLE 24

- The sansonal chan~as in ahundsnea of Lihbffmeistétg

in Windermera.

JFEM A M I J ASOIND

" o—

Numbher of immature , ' ‘
Snaoimansg 54 405 45 144 108 11 39 19f28 30 11 22

Attt

Number of braedins - . : C | :
Brecimens 315 3 10 11 1 311 431110 7

Totnl number |
of specimens 67 455 58 170 133 13 45 41 38 47 26 32
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agreenent batveen dupliente samples, both with regard
to number of specinens and the size of the naturity
classes. No attenpt is therefore nade to consider tha
changes in abundence of this species 1n view of the |

discrepanciss batween sanmples.

Raby Pool

Throe spacies of LirmoAriius vara found in this

loeality.  Two of tham, I.hoffmaistari and T..halvaoticus,

ware co-dominant, The nrresmant batwean sanples was
not very satisfactory, both with regard to the number
of cﬁéciméhs and tho slzes of the maturity classes,
(Aﬁﬁéhdix 3). Furthermora, it has bteen susmasted
aarliar (p.3.32) that durins the period of observation
the pool was being polsoned by inorgonie chamieals,
This would obviously invalidate any attempts to relate
thé ohséfvéd chanres in population size‘to the Yreading
blology of Lirmodrilus, and consequently the population :
changes in thié locality will not be considered any further,

Tha Rivar Thames

The changes in abundance of tha spaclas of

Limnodrilus, excapt L.udekeminnus, in this locality arae

shown in table 25. In view of tha inability to identify

immature specimens all spacles are considared tomether,




TATLE 25

The sgnsonsl chneas in ahundanece of Tirnodrilug

in tha R, Thames.

Oct. Dac. XFeh, lay  July

Munber of irmature R, R
ghecimans 131 113 104 39 51
Nuﬁhaf of ﬁf@&ding o ) |

gpecirzng 33 128 8 77 97

umber of nature
and braading . S L,
sneeimang a6 238 190 103 125

In compiling the above table all spacles axcapt
L.udokemianus, ware considared together.
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Fron & consideration of this table two factors emerge.
The first is that the nunber of braédin~ spacinans forms
a hizh proportion of the total population throuchout the
year,  The second is that the number of nature and
breeding specimens when considered together is preater
than ths number of immature sﬁacimens in four out of

the five samples, This is in marked contrast to the
other populations considered, whera tha runber of
immature specimens ia always pranter then the numhar'of_
hature and/or breeding onas, except at the bréading
saason.'. Thia_strongly BuUgrasts that the immapufe
specimaﬁs are under-raprasented in the samplesL.  OnA
ths data clven in table 25 thera are insufficient
immatuba aspecinans to maintain the pgpﬁlation at the
sane lavel of abundance.  In an account of the 1ife
hiatoriaa of the specles oceurrin: in this. locality tha
1noidenca and abundance of irmature specimans vere
ignorad for this reason. - As immature specimons are
under—iaprasentad in the samples no further attempt -

is nade to nnaiywe the Sadscnal chanpes of abundance ol
Limnodrilus in this locality,

Gﬁnerﬂl considarations,

' It was sugpeuted in tha introduction to this
éectipn (pe 5.12) that beenusa of the sratinl variation
 that exists 1t is possible that samples taken in the



sana place do not naecessarily sample the szme population
each monthe In the forapoing account it has besn
shoun that this hns been responsible for the obsarved
variation in the abundance of spacies in most of the A
localities exanined, It has“accordingly rroved impossible é
to analyse the obsarved population chanzes in terms of :
tha breeding biolosy of each specias, .

At the commencerunt of the sapling programme it
was impossible to datermine tha extent to which
populations night change from month to month, - The
prelimihary surveys of aach loeality sove an indieation
of the spatial variation in abundancs at that time, but
could not reveal the existence of temporal variation |
also, The extent to which different micro populetions
had been sompled in diffarent months could only be
revanaled at the conclusion of the sampling programme.

It was not revaaled by the duplicate sanples, as they
were sampling the sare miero population at any one tira,
It ia‘possible that had a‘larﬁer number of‘duplioéta
sanples bean trken at each visit and the intervals
betwaen visits bean shorter, ths movenents of the micro
populat;ona nisht have been suspescted soonar, ‘Howevar;
the choice lay batwean very detailed étudies inVone
locality or rather less datniled studiss in # runbar.

of localities. In the time available it wns not

| pqasibla to do both. It w22 considarad at the

basinning of this study that it would be nore useful
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to determine the 1life history of cach species under a
number of differant sots of conditions, end consaquently
datailed studies on ona loeality wore not possible.

It 4s evident fron ths above renarks that future

studiés of the population hiolosy of Liﬁnodri;us'must

take the forn of detalled investigations in a single
locality.  This will involve a larpe numbar of
dupliééte\bamplas baing taken.at‘eaeh visit, and the
interval of tinmo batwean visits should be shorter than .
n rmonth,  Future studies should also ain at deternining
vhather the niero populations romain disersst or are
only tamporary associntions, In the former case they
nust ain ﬁ? trying to follow and sample the spame miero
population, rather than to sﬁmple~at-théfsqma place as

- was dons in the presaent siudyl‘“‘Ohljvby'Such a
prooranre will it prova po rossitla to analyqe the

population biology of Limnodrilua."’

d) DISCUSSION

Thera 1s 1ittle published infomatlon on tha
1ife histories of any specles of Lirmnodrilus with which
the results of this work can de comparad, Poddubnaya
(1959) givas a brief account of tha- lire ‘history of
L.hafﬁmaietari. ~ She divided her,mpeoinans_intc the
sema three clasééé of maiurity as are racosnlsaqd heréi

She found mature spacimans present ffom Arril to



Septembar, but breeding srecimens only in June end July,
The mnximun produetion of youngo cccurred in Aurust
and Saptenber.  She considored that I, hoffrmaisteri brad

only once g yaear and that breedins was striectly seasonal.
It ig 4ifficult to compare her rosults here ns she -

wag unabla to toke sznplas during the winter mnnths.'»“
Inwvieu,qf the totally different climatic fametors - .
operating in tha localities in which she worlked 1little
sirmificance may be attached to the differances in -~
duration end tining of the brzeding period as revealed
by her and by tha suthor, Wavsrthalaess, it.is of’

~ Interaest 1o note that she emma to tho same eonclusion

that the 1ifo cycle of L. hoffraisteri is an annual one.

Thera are savoral oboarvations in tho 11taréture of the
occurrence of breedinz apeeimans of the. species of -« -
Limnndrilus and the nonth in wvhich they wers.found,
No importence oon be attachadltu‘yhasa,sas‘it has bean

shown that nost speciocs of Tirmodrilus in suitable
localities ararcapablé of breeding,thraughoutgtha;yeari
In the absence of eny othar studies, theraefore,  the -
subsaquent discussion will be based entirely on the
results prasanted in this work. - . = . ..
Génsiﬂar&ng’first L.hof fmeiatari, there is

avidantly no set cycle of avaents in the 1ifa history
of this spacias,fﬁfmﬁe time and Auration of tha brqadin‘
reriod and tha aga at maturity apraars to danand on

loeal conditions; Undar favourahle esnditions braading

1

e i SR
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nay take place all the yser round, as in the R.Thames.
Under less favourabla conditions, ns at Raby, it nny

- be nore strictly seasonal, Lmhormfory invastigations
indicato that specimons nay attain maturity at any
time from four months up to over a yaar old;k,\Ihe}ﬁigﬁ
taken to attain maturity and the duration oflfha hreeding
" poriod may be influanced by the nature of the substratum:
Az tha produotivity of the habitat incressaes, naturity
is’attainadfét an esrliar age and breeding continues

over a longer period. L.hoffmeimtsri must therefore

be considaered to be a vary adaptable‘éﬁecies. - This
adaptability is complately consistent with its ecosmopolitan
distribution and tolerance to a wida rante of enviromontal
conditions, | | o S

- In the other Bpacies‘of Limnodrilus a_sqt cyc1e of

events in the 1life historles is ﬁora”a#idant;_‘Liudakamianug

appaors to ba a mora«strictlyﬁsoasonal.brgedar; although
under favourable conditions tha duration of the breading
poriod nay increase.  Spacimans do not ottain maturity
until. they are at laast a'yaar»old;»gnd“tha eycle is

a bi-annual ona.  This pattern ngrees more closely with
tha lifa histories of 3p@ci§s of‘gtheriganeragj in

particular Tubifex eostatug, Auledrilus rlurisets and

Paloscolex ferox, all of which also seem to have two

yaar eycles (Drinkhurst, pers.comm.) Declnnaredesnua 13‘

slso a ssasonsl breadar. Some spacirmens nay attain
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naturity in less than a yaar, but the najority appaar
to take a yaar or ovaer, It mmuld seem'that the eycle

_of this species ic prim‘rily a two yaar ona, JBoth of

thase speclas ara less adaptable than L.hoffnaisterdi.
“and both érc nore loea2l in their distribution althoursh
ganérally widespread, . BEEE

' Little con be sald concerning tha cycles of

L,halveticus and Le.carvix, Both species anpeared to be

able to breed all the ysar round, but their age at
naturity was not detemined,

| Porhaps the most inportant conclusion to be
drawn fron these 1life history stuiiss is the Aifficulty

of nakiny any generalisation concerning tha life‘cycles

0f the spaniaes of Lirmodrilus, Vhen gchrnl spacias
in different localitios orevcaniﬁqred,.cartain trends
érc eviqcnﬁ;‘ Thore 1s scno evidanea that tha time taken
to ottain maturlty moy ba a charactaristic of a species,
'but in penaral the variation in pattern within each
sFeoiéé i3 o preat &8s to obscurs any'speéific
'differdncas that nny exist, Hany of the varlations
éppaar to ba rolated to the productivity of the habitat
or to tha nature of the suhstrutun. Bven 1f a eyelie
nattern of ovents 1s chea racteristic of a spacies,
saveral factors may corbina to obscure it. The nost
vimpormant of thase factors are ths ability of snacimens

to breed twice in the same saason and to attain naturity



at different ages. Furtharmoras, the existence of
n nore or less prolonged breadins pariod followad
by a prolonced production of youns spacinens will giva

rise to o similar situation in the followins season,

5. 50

The 1life history of most spacias of LirmodArilus enpears

to be feirly adaptadle, and thers can be littlae doudbt
that this adaptability 1s larpmely rasponsible for their
videspread distridbutien, C S
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CHATT™IR 6

TH" CJS’DOT‘ 3 Tu? “‘T 35 01‘ TINNONRITLUS

a) INTRODUCTION

In the Couras of tha routina GXﬁminmticn nf

sﬂacimnns of Tirmodrilns it w&s fo'nd tb“t a anll

propczﬁion of them vasg 1afactad with castgﬂa psrmaites.

Thesa wera idantifiad a9 balon*ing tc tha ganua R“@hi”ﬂtﬁﬂ,

Lcucxart, 1878, vhosa mﬂmbarﬂ arn c*mtha ef proﬁueinﬁ
aggs nnd bac«ning whilat atill in tha inVﬁPtﬂhPFta haat.
A ntudy of tho rcleva”. litar%*nrs «*ﬁswd tint tha tn?ﬁrﬂmg

of Arvhiﬁstnn wng 1n a atﬁta 05 cﬂnfv”iom It vﬂa'

ccnsidarnd bj bﬂVﬂf"l anfhnrs taﬂt %his Fﬂf“ﬂ waa .
y”nbﬂhly a rararin crwrlexlﬂvé *hat «*eciaﬂ ﬂqaivnad to iﬁ
»@xe proranﬂticzlly ﬂqv&lnﬂad lﬂrv a ef E“Ecieﬁ frum ntxar |
ﬂapara. Such eanelnﬂian~ had ﬂ%nﬂrvlly bﬁﬂﬂ arrivaa at

hy caﬁw?rﬁ‘iva nwrthala~tcﬁ1 stuiies, ,'otwiias nn t&

li*e histnriaq of tha *“aciea eaﬂaarrad, vﬁiah uauld

arpanr to b af ?nndﬂmantﬁl iﬁhgrtwwca in ﬁatarniring the
traa rulution"hihe n* thﬁ ﬁﬁtiti@ warg 9 ya%t aﬂ%i*ﬁlg :
wantinu »  ;Laru unm alﬁo vary 1itt1a in;nrwﬁtian availahla
on tha r@lation hip hatuaan tﬁa parﬂﬂita ond the ’

invartabrate hoat. unh 1n’arﬁq inn woul% urdwubﬁe&lw



ba rolevant to the currant investisntion, and it
was nccordinsly dascidad to invastisate in some datail
tha biolosy of tha yarasites, =+ R

' The scope of tha investigmtion wés.limited to
two najor fialdé; to datermine more abéut the relationship
between tha parasite and. its invertabrate host, and to
investisate the growth, develorment and 1ife cyclass of

the parasites themselvas, It was important to ascertain

wvhathar Archiretes was’speeific’tc‘Liénodriluﬂg'as‘
preliminary observatidné had indiéated;°and vhathar the
presence of paraSites:had any delatarious aeffacts on

the host: It was considarod that a khdtﬂadge of the
bioclogy of the paraﬂiteé'wodid be a hélp towards their
corract idantification. Thera ware two further raasons
for purﬁuing'thiS'coursé df"iﬁvestigation; Tha
parasites were found during routina collactions of
Lirmodrilus and their biolosy conld hence hé'stud1ad _
without nuch additioral ineraasae ih 1abbﬁr.v-Furthernore;
the information gainad vould ba of cnnsiderable imnortunce
in the elucidation of tha 9rohip@tea nroblen..'A Tt vas

considerad that a conparison of the blolosy of the panus
in this“coﬁﬂtry uithucurrent'studias in Russia and
America would ba pqrtioularly interestin

As a consaquance o7 theqe studies, £iva rvecies
of Caryophyllaaldae ware Tound tp occur in Lritaiv.

Three of them are naw Pritish racords., The species
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recbrded aret -
Fonily Cﬁrybphjllqeidqe, Laucxart 1878,
‘ Subfanily Czryonhyllneinqq, hyhelin 192

Cnrvnnhvllneuq l~ticars (Pallas, 1781)
Genus Archi rates, Leuckart 1070. -
Arvhipates sieboldi Lauckert, 1878 New

, »ritiah record, Y

, A.hrqohvurus Hrazek, 1908 Neu Pritish record.
A.nnhii (Sz14at), 1933 n.conb.» New

. British record._
Subfamily LJtocestinwa Hunter, 1927
Gonus Carjophyllvaides Nybelin, 192°

g}""ﬁnh"ll"aidaq fannicn (uclneidar, 1902)
arte ijelin, 1922

The genus’ PﬂrJOﬂbvllﬂeldes was *ound in tha vertahrqte

, host only. ”hio‘list;is prabnbly not ccnp}ate, and
further invaestigations will no doubt.ad? to it,

 Archiretas, a3 can bo seen, in rstaired as a v21id genus

and 13 redescribed torathar uith the snecies recorded

1n the sSUrvey. Preliminqry studies vere cﬂrried out on
thé'biology of A.gghii., Informaﬁiop on host sprecificity
and the effgct of the nirasite on the host wns gained for
all\speéiés of rarasite and host. The studiés of

the 1ife histories of Archiretes alsovinvclvéd an

‘examination of possible vertebrate hosts.  Rinally,
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an attenpt has been mnde to relate the life cycles
and the desres of progenetic developmant exhibited by
Archigatas to tha life cycles of the Caryophyllaeidae

in paneral.

) MATIODS,

Initiallj nnrqeites were collectad durin~ routire
.examinqtion of hosts. Tt wqq laﬁer found nacessary to
obtain nore snecimans than was pos"ible in this wwy,
and addition.l methods were tried. Ithead of exn ﬂining
4individuq1 upﬂciMGFS. 1arca numhers of tubificids wara
immersad alive in a solution ofvpapsin. It wag hoped
thd‘t the hosts would be diested and the p%rdéitas‘leyft.
It was later found that young paraqites vara aleo dirested
and the nsthad was consequently qhandoned. It
subsequantlJ proved posnible to racownisa infected .
tubificids with the naked eJe, and large collactions of
worms could be exaniinad rapidly in this WAY. This was
‘the only method usaed in the axnmination of 1nborat6ry
’cultureq. It had the advantn%e'that in*ormwtion 6ou1d
be obtqinod on rnost aspactg of the hcst—narasite '
relotionship' but had the disqdvqnt e +hqt tbe desree
of infection could not be datarnined. |

After racordin" ‘tha nacassary informntion on the
hosts, tha pqrasites uere Jissected out of than. If
the pqrasiteq wvare ﬂlive at this stage theay vare

transferrasd to watar and nllowvod to éwell until
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stimulation produced ro responsa. Thay wera then

transferred to a solution of alcohol-formol-acetic,

If the hoots had been cleared in Anman's lnectorhanol

for routina etwninqtinn, tha parasites ware ramoved

in tha some vy but vare pras arvad in 1actophenol.

Initially, qavarﬁl atains ware triad, 1ncluding |

cotton blue and ﬂcetn-orceir, hut these proved |

unsatisfactory. ILatterly Mayarts pﬂracarnine wﬁs‘g

ﬁsed for all whole nounts, The procedure a3 the anme

whichaver fixative ‘had been uoed. ' °“ecinans vare

transfaerraed to 457 scetic ccld and left for 20 ninutes,

They ware then stained in Mayer's pnraourmine, mads up

by dilu+ing a 5 ril. dliquot of concentrated stock

stain to 100 nl. vith 457 acetic acid. ”Staininz ‘was

for approximately 6 hours. 'Aftér étaihih;, the spacimans

wera transfarred to 457 acetic acid and rinsad for 5 nins.

Thay ware then dethratad in blncial acatic ncid for

5 to 20 ninq. Clnﬂrin took place in thraa stages.'

The specinanq vera 1laft in 3:1, 1:1 andylié giacidl ,

acatic acidmethyl sulicjlqta mixturas until they sank.

They wara then transferred to pure methyl salioylate._

Specimens wero mounted in Cennda balsqm or Hymount |

(= . Cury Ltd.). ‘No counter stain was usad. : .

' " Por exanination of pcﬂrihle vartabrate hosts adult
ish wara collectad by usa of a gill nat of 29 rm,nesh,

knot to knot, The intestinas ware GXﬂnined a3 soon



after captura as possible. The parusites vare fixed

in A.7.A. and stained as above.
c) THR IO ST

1) Host Bnecificitx
Visnlewsld (1930) coneludad that the ganus

Archifetes was spacific to Limnodrilus and esyecially

to L.hoffrigistari, Thasa conclusions are confirmed

in the presenf study. Tahle 26 shovs the oceurrence
of soma of the British species of Caryophyllasidas in
relation to the possible tubificid hosts. Tt is
dvidgnt fhat Archirptes is, in faét; speecific to

T.imnodrilus, wharaas Carvorhylleaus is apparsntly

unabla to infect spacinans of this benus. The larval

stq ca of quvonhyllneides fannica ard 1ts intermediate
host have not been seen in Britain. 4

Erperimantal studiaes confirmed that Arechiretaes

is specific to LimnoArilus,  Populations of several
‘speclas of sevaral genera of tubirfieids, including

- specimens of . hoffneisterd pnraéitised by Archinates;

were set up in the laboratory., The ‘davalopmant of the
parasites was followad throush tvo Fenerqtionq. It

was found that onlJ speelas of Lirmodrilus ware ever

infected.  Similar situations were found undar field
conditions, In the R.Thrnes all thres Pritish species

of Archiretes and fourtesn npacies of tubifieids occur,

but Archiretes was found only to infeet Iimnodrilus,

6.6



Tha hnat araeificity of tha Nritich sraclas

of Carvorhylleanidsa (Invartebrata hanata bnlg).

Forraite gracies

lloat avacias 1 2 3

Tirmndriiug indat. 22~ 25 1
L. haffralintard 26 17
17 |

V¥

IJ: O"‘% 1"{713{

O O v

1., clnansradannng

o O ©
<

o Q
2

T.. MAakranianusn

o o o O ©O

31lyodrilus

Posmrmoryetng

hi "’33

Othar mnara

o o o O
Ot w3 -2

o o o ©
o o o o
o o o ©

Tha nvmhers indicate tha fraﬁvahay of cacurﬂanca af

tha rﬁrtieulqr paﬁhirazﬁon af hoat and rsrﬁﬂita.”

Jacand . _ , o IR
L= Mm?d”{!tﬁ’% 1&‘!@“&. 2a Agobil 3= A,alahnldl
4 = Agbrashwaras - B owm Colnticars




6.7

Table 26 also shows thnt there is no clesar

raelationship betumen‘the sracies of Archi~atas and the

ISpecieé of Timmodrilus,  The 6ommonéét host'ap@éd&s
to ba I.hoffmaistari, but this is almost‘oertainly baeause

it is the conmonast spacles of Limnodrilus in Pritain.,

Only A.gghii was recorded from both L.earvix and

L,c1annredeanus, but this is not reCGSSnrily avidepca o

for a greater ransa of snecificity. Both sneoies of
tubificid are restricted in thair distribution, uhereaq

ggh}i was tha comnmonest spacies of Archimtas encountered.p

As L, helvaticus is very rastricted in its diatribution
the failure to find infected Sﬂecinars c“nnot ‘e |
considared significant. |

" The £ailure %o find infacted sracinans of

L.udekemianus desarves furthar consi&arq*ion. ';Thié

species occurred abundantlv in regions of tha R.Thanes

1n which Archipates vas nlso founa but no - 1nfectad

_ snecinsns wora aver recorded, In laborqtory cultures
vall attempts to infact L.udakemiqnus proved uneucceqsful.
%It uould anpenr, then, that thia spacias is 1nmune to
1n£eotion by Arohinﬁtas. or that it is 1iab1a $o infectlion

but by reason of its feading Thehaviour avolds it.' ither
of these explanwtiona nay rls0 accnunt for tha ahqence
of Archiratas in other genera and tha - hsence of |
'Carjophg;;aaua in L}nnodr@lgg, It is not rosnsiblae
\ﬁt.this Stag@ of 1nvastiﬁation to.d@tarﬁiﬁe whichf
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explenation is correct.

In an attenpt to datermima vhather Arnhinetae

also infected a vertsbrate host, £ish vera ‘exominad
'af'regular'intervals throushout the summer fron the

Shrbpshiré Uhion Canal,. Ri Archimates wvare found,

Outsida of Pritain a1l speciasyof hréﬁiﬂatea have

_ been recorded fron fish, generally spéCieslbf the family
'c&ﬁrinidaa'(Kulakowdkaya; 1932: Calentine, 1960); »
but A ,gghii is also knowm from the CObitidae (Yﬁmaguti,
1934).. L

Y _The abova»conclusions‘cohgérﬁing;tbe‘éﬁeéificity
qf Archimetes asree weli~with‘the obsar?atiohs of nany
nuthobs;; Wisniawski (1930) found the penus to be

specifio to Linnodrilus undar field and. 11borﬁt0ry

COnditions. Archifates hrqchyurnq hwq been recorded

xxxxx

1961 19(2). Archiretes rohil (as quridacris 11mnodr£&_)
has only been recordad from Jimmodrilus 1nﬁet. (Yﬂnaputi.

'1934) ’ Arohiﬂates sisboldi, however, apneara to be
. 1333,9P3?if1° outelids Britain.; h;t.hasibeen recordsd
'frbm L,hoffmeisteri; L;olﬂnqreda"nuq and Tubifex tubifax

(KulakouskaJa, 1969). In view of the taxonomic oonfusion
that has 1onh existed in tha tubificids and the

| Iailura of Kulakowslayz to racord whether her oliéoehaets
1dentirications were confirmad, it would ba 1nteresting
%0 have these idantifications chacked, Archipates

siaboldi has also been raportad in L.udakaminnug (Marcus '49{
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and this‘record is of particular interest as 1t';s

the only rocord of Ji,udakenirms beins infected with
Archiretas, Thers is 1ittle doubt that the ldentifieation

of ﬁbe_hpst'was}corract hu;_phg ldentity of the parasite

| ig<lesa‘certain,_ Arehimatas 1ouensia; a Nor%h'American

spacias, was slso found to be specific to Limnodrilus
(Calentins, 1962). Exparimental investigations shoved

that it was uncble to infact L.udeeninnmus or any species

of Tubifex, (Calentins, pers.comm.) . It has also been
shown (Calentins, pers.corm.) that Bircetabulum, a genrus

often confused with Archisetes, is‘spe¢i£ic_to Tubifox,

It would seen possidle that Kulakowskaya's (1962)

record of Biacatabulum, as thsse o genera wara oftan

confused by her (p.6. 26). ‘ |
Outside Pritain other sveciae of CQrJophyllaaidea
ara known to infact Limnodrilus, M ~ridacris eatnstomi

and G,0lirorchis have been found to~infect I, udekeminmsg

uhder exparimental conditions by lizeCrae (19(1)' Under
£1e1d conditions Ehavin sinansigAhﬂs been found in

L, hoffmeisteri and L.udakenianug and Caryoﬁqyllaaus ‘

brachycolis in L.hoffmeisteri by Kulakowslaya (1962).
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2) Tha host = nnrasite ralationshivn

In the followins account all spacies orlpargsitg
and all spacies of host respactively arafconsidered
tonathar, as obsarvation failed to indicate any specific
differances in the host - parasite rplationship;

_ Tﬁa site of the parasite in ths hoét varies with the
gtate of ﬁaturity of both the host ond the parasite,
Vary young parasites are usually found in c¢oelon of the
posterior sazments of the tubificid (Kulakowskaya, 1962&;
and porsonal obsarvatlon). They than mova forward and
cona to lie iﬁ the razion of sarmants 9 to 15,  If nore
thén ongvparaéite i ﬁresant they nay extond rore
posteriorly. In imnature hosts the mraaites lie in
tho ganeral body cavity, hut'tbqy rnmova into the testes-
sacs a3 soon as thesa devalop.! The‘pnrasites are
gonerzlly roportad to occur in the body cavity of
tubificids (Joyaux and Rear, 1981); but- 1t is suspacted
that this 1s dus lergely to the frilure to record the
exaot position in thae host, = Tha scolex of the castodas
nay ba directed eithsr townrd the anterior or rosterior

end of the host.
The nunber of parasites par host appenrs to bhe

related to the state of naturity of the perasite (Tnble 27).
A maximun number of 20 prrasites per host was found by
the author, but Kulakowskaya (1962a) has rocorded an

infection of 29 parasites par host. Such hiph



TABLRE 2

4

The numbhar oprﬂrnﬂiteB~per host and its relntlnnshin

to the stats of natnritJ of the vqraqita.

"Fumbar of narsattas rar hest

,llnturity'of . - S %
pﬂl‘ ﬂitg !._ 2. l 5-_ ﬁé l ﬂﬂ 3._0_.00:&000:2_0_
IadII 6 42532100 3 1 1
11T 2810 2101000 0 O 0

v 172000‘:00_'40 o 0o o0 .0 :
v 2331000000 0 O O

Only pqrqoitcs of tha e Arohiratee and hosts of ;
tha (genus Limnodr11us are considared. | i
Lerand, = -

T and II = Parasites without gonitalia. =~ - - =
"III -~ = Parasites with genitalia but without eggs.
Iv. - ,,='Paraéitos sturtinp to roduce epws.

V. © . = Parasites gravid.
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numbers are recordad only undar experirmental conditions;
under natural conditions tho maximum recorded by this
author waa 4, and hy Yulekowskaya (19623) G As the
maturity of the pﬁrauiteu noranses, tha number per
host declines so that thero is generally only a. single
gravid specimons per host,  This daeline in the number
of parasitaé pér hoét has alzo ﬁéen observed in isolated

gapacirmons of Tinnodrilng, It would seem to indieate

that aither intre-spacific compatition occurs amonc
the paresites, or that thare is a host mechanisn for
praventins oxcessiva parasitisation. Undar gafurnl
conditiohs; spacimens in nultiple infections are ceherally
at the sanme state of maturitw Undar experinantal
,cqnditions tha paraﬂitas nay be at 21l stages of '
matufity. Hixeduspacies infectionw hava not dbaan found,
The ralationship be*uuen the ﬂ+pte of'ma+urity

of the pqrnuite and that of tho hoet is shown in table 23.
When all obsarvations are considerad (Table 28a) no
rolationship 1s anparent. - Hature parasitas are found
in hosts of all stages of maturity., Vhen obsorvations
from naturally occwrring infections only are considerad
(Table 28b), a nore dafinite relationship is apparent,
It is‘avident that nature parasites tend to ocecur in
nature hosts, A mora datailed consideration of this

s e B e S e s MEAYE 41 Sttt S 1 S G w5 5 ot e an i e s e b o as e ae e e e e

relationship is not possible at prasent as ths determination

of the state of naturity of both host and prasite is



TARTR 28

"The ralationshin hatiman thae stnte of

maturity nf Archirotas and tha state of .

"mnturity of Tirmmoedrilus, -+

a) LﬁBnrdtnry and £iald ohsarvations

Maturity of parasite . -

12 3 & 5
;o
1

Maturity of host

5 19 2
o 6 19

R o
c&}cé W

b) Field ohsarvations only

 Maturlity of parasi;as o
2 3 4 5
12
15
S5

Maturity of host
—

O W
(FPRRIIC S
™

1
2
0

WY

For sxplanation of stases of naturity see text.
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somewhat arbitrary, and the states of maturity
racognised for eaeh are not necassarily.honoloaousﬁ-
'This.tendancy,of the host and parasite to mature
togather represents on interaesting adaptation of tha
parasite, As indicated in Chgpter 4.the najority of
Limnodrilus die after breedins, and hence en irmature

parasite in a nature worm would have a remnte chance of
completing ite 1ife cycla, This factor would be of
less importance if the parasite nomally complated its
development-ih.a fish host, providad that 1t faaehad

an 1nfédti§e stags early in its developrmant and that

with regard to the state of maturity of the tubificld.

the feeding behaviour of the fish wes not seleoctive

Vhera the parasite customérily unisrynas neotanous
davelopnont, as appaars to bs the case hers, such an
adaptation appaars to ha off ohvious survival value to
the parasite., On the other hand if the parasite
matures in an immature host, it may reduce the chance

| of the host completing its 1ifa eycle (see saection 3)
which could ultimately'also'be disedvantageous to the
paraaité. That such a relationship is not'evidanv”
under exporimental conditions should not be regarded

as significant. At tha cormencenent of thevéquriments
selaction was exarcised in favour of cravid prasites
and breeding and very young tubificids,  Such arbitrary
seleoction may have upset the natural tining of tha 1ifas
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eycles nnd the relationship between then, Possibly
correlated with this edeptation is the observation by
Calentibe (pers.comm.) that immature tubificids are
nore easily infactod then nature ones, 1 |

‘he éagraa of infection by the rarasite and its
saaponal variation is shown in tahle 9.'AThe 1nféction
is expregrad as a narcantape, in terns of the number of

imnodrilns containins parasitaes in reln+ion to the

number of Timnodrilus axaninad., Yo accourt 1s taken
‘0of tha nunoer of parasitas nar host or the numbar of
tubificids of other ganara examined, In the R.Thames

the numbsr of L,udileninsnng examinad is also i#nored'

as this specles doas not Arpaar to becoma infected in
Britain. It is apparant fronm table 29 that thera is no
pattern of saasonal in¢ection, and ;he rercentare
infaétiun for the same'ﬁonth in sﬁccassive’ynars nay
bs very diffarent. It 13 further épparent that there
is n§ similarity betwean the sansonnl patterns of
inféétion in ‘different loenlities, It is considered
unwisa to nttenpt to dfaw any further concluéidns
from these results at this atage“né it isfévidant that
the presence or absence of single specimen could cnuse
a large variation in the p@xcantagh infection,

- The overall rata of infaction is vary loﬁ;' The
neximmn degree of infection is hinhar 1n the Cana1 than

in the River (10.1,; as opposad to 5.6 '}y but the



TABLE 29 |
The seasonal variation in the daﬂree of infection of Lirmodrilus
hv Arehi@atea. . " —— = ,

) Ths uhronsbire Unien C'w-z,l Bﬂclffcré.

190 . 1962 1063
' '3“.‘.’.2"!‘2'&21*»1 ‘g_‘,a.g-o"z\x'am_é_
Fumber of ~ ,

Tilus 159 69 193 101 91 207 164 335 160 347 189 167 184 176 179
8 xan ] | ’ |

Rumber - jf o 1 ;  , e e
Irfected 8 ;7'.10 42 45 31 4 10 233

Parcantere

Infection 5.0 10.15 3 3.9 2.2 1.9 3.1 0. 9 0. 6 1.2 0.5 0 1.1 1.7 1.7
b) "be ?.lhamas*m‘a diqgi- R I : : - ‘;,‘
1962 . 1063 :

, | Oct.: - Dac.  Faob. Moy Jlye
Number 6f Limnaﬂrilus > T U N R
exXoniisd 2217 - 3/ 2292 M2 - 179
Number infocted ‘3.9 1 2 10

Porcontass infietion = 13 . 2.6 0.3 14 5.6
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degras of infection in both localities raraly exceads
4,04  This agraes quite well with the desree of infaection
racorded by other woﬁkers.' Calentine (pors. comm, )

found an overall infection of 3.7/ with a naximum of

5;4¢; and Xulakowslzaya (1932) 1 -~ 27, under natural
conditions. Both authors were investisating riverine
loecalitias, The depres of infection in ponds and small
streans is usually higher. Kulakowskaya (1062) records
8.10¢, Berg (1948) 307 end the author has recorded 144
for a pond, Under experimentsl conditions Calentine
(pers.comm.) and the author have found low dagreas of
1nf3otion; in thahregion of 1-27%, dut Kulakowﬂkaya"(1962a)
has;recdrdad @> perimantal infactions of up to 50,

) The effact of the nqrastte on the host,
Kulakowskaya (19623) made an intansive study of the

effecta of the parasite on tha host, Sha concludad that
the costodas were capable of ceusing considareble dannce
to the tubificids. According to har account an infaction

of 10.or nore Archiretes per host ultimately caused its

death, The davelommant of the parasite in the oligochaste
preventad its genitalia from developinh, or, iz, their
developmant had commanced, cauqed them to disapnear. She
further reported thot infaction rasulted 8 .| tha tubifioids
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beconing thiny in the body wall beeomins weak in the
sesments occupled by the parasites; and that liberation
of the parssite caused the death of the host, )

' ‘Nona of her findings has been substantiated herae.
As indicated on p.G.ll, a heavy infection of parassites
results in the dsath of most of the pnrasites, not of
the host, It hess been shown (p. g.lland teble 28) that
nature parasites are usually found in mature hosts i.e.
tubificids possessing ganitnlia, and that the host and
parasite tend to nature togsther. Observation on the
davalopmant of parasites in isolated specimens pf
Limnodrilus has shown that tha develorment of the host's
genitalia 1is unaffebtsd bty the pressence of tha parasite,
The author has been unnble to find any evidance that
infected worms become wazk and thing; on the contrary
infacted specinens are often largs and robust,

In the praesaent study it has been found that the
prasence of parasites has no apparent deleterious effact
on the host until egc liberation occursL - The mechanisn

of this varies. If the esss are shed into the body

cavity of Lirmodrilus, as oocasionally hqppens in A.robi

and conmnmonly in A.iowensis (Calentine, 1962), little o
damaga ‘oceurs, Ir, honever, the parasite is 1iberated
intact by rupture of tha host, ss in A, mobid (p.6.40 ),
then deﬁth of the tubificid nay follow. Evan this |

is by no meens inevitable. It has been shown in

R ——

i
H
!

Chaptar 4 that Lirmodrilus is capable of regenarating po~teriu
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serments provided suffieient antarior sagmnts are
sti11 present, end such rapgeneration following libaration
of the parasite has occasionally been observad,
Nevarthaless, the possibility of mortality ocecurring
nust be considerad to be higher as a direct result of
rupture of the host. This appears to be the -only
deletarious effect of Archiretes upon Limnodrilus,

From the foregoing account it is avidant that.the

relationship between Archirates and Limnodrilus is a

St s

‘bqlnncad one in which 1ittle mutunl interfarence _peeurs.
Doth host and parasite show cartaln adaptations vhich
help to maintain this balance, It eonnot be eecepted,
ag Kulakowskaya (1922&) suggestad;_that‘themparaaite
causes considarable damage to tha hosts, and that this is
the sign of en unsteble relaiiqnéhipl The degree of
infection of the host is so low and the effect of the
parasite so'slight; axcept on a faw individuals, that

tha overall influanca of the parasite poprulntion on
'that of the host nust be considorad to be neglipible.

d) THI PARASITE

In tha folloving account of the taxonony and biolocy

of Archinatas 1t hns bean found convenient to troat the

asnecta studied unier appronrinte haadin~ , It must be
emphasised houavar, that theae divieionq are artificiql

and for convoniance only, amd that the knonﬂ~d~ﬂ of one
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ésPGct of the biolony often dontributed creatly to
an understanding of the knowledse of othar gépecfs.‘ In
pafficﬁlér 1t is considered that the taxonony of the gonug
. ean no 1onger be studied on the basis of norpholo ~ieal
chara ctera only. A knovledge of the biology of the
'species proved assential to an undarstanding of the
systenatic relationships of the ganus. |

Bafora proceedinp to an account of the'ﬁioloay‘uf

’Archipates ths terninoloﬁj eanOJed requires considaration,

HMany of the terns in gqneral use for deucrihing stagas
in cestode 1life eyclas were found to be inappropriate whan

applied to.Aroh}ﬁetaa.'dua’mainly to the ability of

specinans to undergo neotenous dsvelopment, . Thus,
'tha‘prbcarooiﬁ is deserihad by VWardle and licLeod (1952)

as o solid-bodied larva in vhich the onchospharie hooks
arag retainad and in vhich tha futurs holdfast has not yet
differentiated, and the plerocercoid as a solid larva in

- which the future holdfast 1s present btut from which the
‘embryonic hooks have disappearadl',_Tha ylarocarcoid stare
is aaid to bagsin with the shedding of the cercomar or
loss of the hooks and to differ from the adult only in the
absence of segnentation and genitalia, In the case of
‘Arehig@tes, howaver, tha orchosvheric hooks and the

cereomer parsist throushout nost, if not.all, of its life,
and occur simpltaneously_with tha bothria and pganitalia,

It is évident; tharefora, thnt tha tarmﬁ proearcoid and

rlerocercoid have 1little mamning in relation to the



14fe cycla of Archiretes, end they have consaquently

bean abandoned, Reference is mada instead to tha larval
.and_adult‘stagas. The adult is chnracterised by"fhs
'presenca of errs. Tha tarms internmadiate and definitive
£lso have 1ittle meaning in relation to tha hosts of
“Archirmetes. .Ik spaeirena maturs in fish, than the
tubificid is the intermsdiate host; 1f they mature in
tubiricids the invertebrate is the dafinitive host. To

avoid confusion these temms are not us ed, ond referance

is only nade to invertebrats and vertebrate hosts.

1) The taxonomy of Archiretaes,

- The systematic position of Archiretes and the

relationship of this gonus to others in the fenily,
Caryophyllaaidaa has long péen a prodlem. It w;g
regnrdad‘by Wisnlewski (1930) and subsaquent authors

as an eberrent pgenus, the members of which were to be
racardsd ns neotenic procarcoids maturing in the
invertebrate host. In necordanca with this view speoies

norphologically resenbling Archimates but oecurring in

fish vere automat10111y essignad to other genera
(Szidat, 1937, 1930; Jeniszawska, 1950). As nore
information on 1ifs eycles became n~vailable and more
species wara recordad from fish the ganug becams

d@pléted;rand aceording to Kulakowskaya (19é2)

6,18
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containad only A.sieboldi. Co-incidental with these

changes\the view of Archirptes as a distinet genus care
to ba questionad (Janiszawska, 19%0, 1954) and 1t wes

considared that !'snacles! of Arohiﬂefeq vera in fact

progenetic larvoe of spacias 'of othar cenmra knoun from
£ish.  This led to the inclusion of snecies, hitherto
assigned to Archiretes, in other genarq with vhich thay

fraquantly showad 1ittle affinity. As a necessary
corollary;'brogenotic d@velophant‘ﬁas recosnised as
oceurring in saveral genéra. " The fundém@ntal‘raasons
behina these-tranﬂfers wouid'qnpear’to ba»the assertion
by Wisniewski (1930) that speoias of Arehimates eould not
infect fish, and the failure to realira ‘that the

designation of a8 renus described fron rropmnetic 1arvae
was not invalid.
" The alternative vieu, that Wisniewski (1030)

ney have been incorrect and that species of Arohiﬂaten

nicht be capable of infaecting fish, apnaﬁrs4not to have
been considarsd. The designation of the ranus is

perfectly"valid according to the Intarpat1ona1 Code of
Zoological Nomenelatura. . Accordingly, vhen forms that

resambled Archiretes were later daseribad from fish it

would have saasmad mora 1owic31 to hnve racosnisaed thanm

as belonging to this ggnus rathar than asai~nim* thenm

to other penara. Tho rmera fact that Wisnlawski. (opp.cit;)
did not find ahy apacimens from fish 414 not mesan that
they did not oceur in a vertebrata hdst;' the possibility
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that they micht later ba found should hava been
raooahised, ‘ Cdﬁoiuéiﬁé'broof"howevar: cculd only. i
come fron 1life cycle studias in which 1t could be | |
shown that speeimens Teco cnisable morpholoﬂically Y ]
balonging to Arohipatas verae also capabla of infecting
fish. , Suoh studiaa vera carried out by Calantine (1960)
and Nybalin (1962), vho showed that specias 0f Archiratas
could and did infect £1sh, |
Once this is aprreciated _a ra-appraieql of the

Jstamqtic position of Archiratas can ba nada, { The ganua

nay now ba re-d@fined to tala nccount of the morpholOﬁy

and 1ifa cycles of the ewaciaq. A1 spacies oripinally

deseribad ag balon sing to Arehirataes nra known to ba

capable of undarpcinp pronenetic developmant, and these
nay. now be united arnin into n single ranuq. Wisniews?i'
(1930) definition of ths gonus is acoantad hera, but with
reserva+ions relatinp to the 1ife cycle. In particular
tha ganus 1s now ch°ractariaed on, in nddition to
mor@hologioal Btructuras, tha ability of snacinens to
becona gravid in tho invertabrata, but this 19 no |
lonrer considerad to ba obligatory, The oanus 18
ra;dafihéd as followss~ |
GéhusMArchigatés'Bauckart, 1878.

M.ammosis ‘ - . .
~8Snmell (2 e - 6 nn,) oaryorhyllseids with the

bha:ﬁcters'of tha family.  The 1nfvﬁ1 étaga pwrasitic A

in the body cavity of tubifieids, slmost exclusively
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thosa of tha ponus Limhodrilus. The atilt stage nay

ba parésitic~invaithaf the body cavity of tubificids or
in'thé intestina of freshwater»taléosté;'particula#ly
thooe of‘the‘family Cyrrinidme,  All specles arc capable
of‘attaining nmaturity in the invgrtebrate}hostil"Two or
more'bdthria present on the scolex. A cerconer, baaring
é embryanic‘hooks at the posterior and, is present in
the larval stages and nay parsist into tho adult, Frontal .
glands not extendin: postariorly to the secolex, Uterine
glands prasent or absent,  Ganital openinz covared by a
tegunant,. Vegina possessing a distinet seminal

" raecaptacle. Cilrrus opening into a*g,anitai atrium,
Girrﬁs pouch rbund. Wall daveloped axcratory system

in the form of an irregular net;'uppearing.at the'postérior
end in g to 7 ampullee., ~ li7gs operculate, not hatching f
in free state, Invartehrata bést infectedvby’inggmtion
of embryonated eges.  Cijimted oncosphare laoking,

. As pointed out by Calentiné (1962) the presence
or absenca of a cutieular covering of the gonital pore
gnd the possession or lack of an,éxeretory bledder nay
be eonsldarad ns diffarences betwesn tha larva and the
adulty ' |

The morpholosicnl characteristics of Archiretas

as desoribed above ere very similar to those of
Biscetebulum os describad by Humter (1927), and thera has

been considarabla confusion batwean the two genera, This

has baen conpoundad by thae fact that Hunter deaseribed
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hia specinans fron f£ish hosts at a time wbcn 1t was not

reali"ed thqt Arohipetes could also nara»itiae a

vartebrate hosu When Arohirotes was first dlscovered

from a fich host 1t was conaaquenuly ags irned to.
Biacetabulum. The nnjor differencea batveen the.two
aaneré.appdar'to ba in the 'f?anaemsntVOf,tha ggcretory
eysten, tha_apecificipy of the 1pvertehr§to h°3t5~ahd
the ihability df_Bincatabuiﬁm to underﬁo'brogbnétic

development (Calantine, pars.cormn.) It may also be
noted that vith the exception of Ji, avrendieulntum, to’

be discussed later, all describadvspecias of RBircatabulun
ean be distinguished from alijdeacribed.8pacies‘off

Archiretas, Speciés'o: Archiratas hava slso been
attributed to Glaridacris, prinecirally by Yamagutdi (1959).

Thase transfers vill Be discussed later, IMost of then
appear to have baan occasionad solely by tha faot that
the specimens were found in a fish host, and iﬁ“fha'
absence of any evidenca can not be acceptad hare, ‘for the
rensons discussed abova, - R | ‘

‘Many of the charactars originally usad to designate

the apacias of Archiratas have since baen found to be

unsatisfactory owiny to the ran~a of vqriation axhihited
byvthem. ; This npplias,pqrtioularly tp_the_shape of the
sééla# agh'thﬂ number ofvhothfia.f"charvéharactefs
apbearvtq depand unon tha state of matdrity of the

specinang in particular the continﬁity of the vitelline
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glends in the resion of the ovary, the extensibn’f

of tha ﬁtéfina loops to the lavel of or baybndfthe eirrus
sac end possibly also tho presence or absanca of uterine
dlanda.”’ In the present ‘gtudy particular emnhasis has
haan placad Gpon the numhar and arrarngenant of tha testas
and whathar they extend bayond the vitellaria in the
‘anﬁerior“region of the bodys - These appaar to provida
tha most diagnostic eharacters.

. W

| Archigatea siahnldi‘iaﬁckdrt,‘1878A

SJnoans: /
A, avmandiculrtus Hrawal 1?97.~ -
Eiacetqbulnm sigholdi: uzidvt 1@37

B.nwnandiou1u+um: Janiszawska, 1950,

ﬂaqcrintionz~4:

»

o With the chqrﬁctera o tha penus.,“ At tha
ccnnencanent af ers produatien average lenyth 1.5 mm |
(1.1 to k.S),\avara*e h?ﬂﬁdth 0. 4 mm, (0 3 to 1 0) r
Scolex bearin ,sinyle dirtinct bothrium on dorsal and ,_) .
vantral surfpces. | Tastes numbering 90 (75 to 99).

‘ and extandinb fron neck region tc cirrus noueh,' )
Antariorly, they beﬂin behiﬁﬁ the vitellaria and ars
scattared throuah.tha msdulla.? Preavnrian vitellaria .
principally located in two 1ntaral bands, but scattared»



follicleo occur in tha nedian reglon.  The follleles
besin in front of tha testas, usually curving in towerds
the mid line (figs. 23 - 2&); and nay or may not extand
laterally along tha ovarian wings (figs. 23 - ég)l
Postovarian vitellarin prasent, Uterus loops frequantly
extending as far as clrrus pouch, Uterine glands nay

be prasent or abgant. Rros neasuring 54u (50 to 53)

by 33u (28 to 40). . | |

' Parasites of tha body cavity of Lirmndrilus éndkfhe

"intestine of Cyprinidaa,
Discuasion.

The early descriptions of this snacies ns A, 8ieboldi
and A, appandiculatus and the authorship of tha lntter

name hava bean discussed in sora datail by Calentine (1962).
Mrazek's (1897) orisinal fisura of A.rrmeandiculatus
showad that thae vitellaria did not extand laterally along

the ovarian wings but ware claarly divisible into pre-
and posteovarian groups, In all other respects his
apgcimana closaly rasembled A.siaboldi, VWisniewski (1930)

balieved that A,anrondiculatus wns a synonym of A, siaboldl,

and coneludad that the attainmant of saxual maturity in
the invartebrate host vas oblipatory for, thls spacies,
This synonomy was accepted by Joyeux and Baer (1936, 1961)
and Vardle and llcLeod (1952),  Thess nuthors all figured
A,B8ieboldl under that nane, but 11lustentad it with a

raproduction of Mrazek's figure. Jnniszewska (1950),



on tha othar hand, separatad tha two entities on the
continuity of tho vitellaria and recognised then as -
valid specles., = Her views were followsd by Yulatowslaya
(1961) and Calentine (1969), ‘althouch thae latter author
did state that the true identity of thasa two entities
raquired further study. e T Ll e e
- _Thg idantity of the two aentitlaa wna confusaed evan

furthsr.  Hunter.(1927) had croated the genus Pincetabulun

to contain spacimans taken from fish, and his definition
was very sinilar to the.definition of Archimtas,
Szidat (1937) found spacinons of tha siaboldl typs in fish

and accordingly called thom Rincatebulum sioboldi.- Hae

considerad that Archimtes was a generie complex containing

tho progenctic larval forms of specles of other genara,
and that the adulf forms of the othar spsciee would also
te found in fish. = Janiszeuwska (1950) found specimans of
the Anpandiculatus type in both olipochastes and fish,

and thorefore transfarred appandicuintus to Bincatabulun,

Sha considarad Szidat's specimens to be in fact of the
anpendiculatus type, and so retained the noma Archimates
for sleboldi,  She considared, howaver, that thae adults

of sleboldi would eventunlly be found in fish, and in. fact

1ater,(1954) dacided that Archlretas was rrobalbly loeataed

in Blncetebulum and Glnrideoris,  Kulakowskaya (1961,1962)




accepted Janiszewskaya's views on the basis of her
own oxperinental evidence, btut nho made an exception.

for sieboldi wvhich she retainod inVArchiqataﬁ«as the

adult form hod not been found from fich, . }
In accordance with the viows exnrasaed elsevhere:

‘in this work and thq canaric dimgnasia on p.6.20 the

transfor of spacies fron Archirdtes to Dincotabulum -
cannot be accepted rersly bacause ths specimans ware
found in fish, = There is nothing in Jenlszewskaya's
(1950;1954)'dascriptions to suprast that her spacimans
afé'hdre’correctly assipnable to Jlincatabulun either on
nmorpholosioal or blological characters, and thay nuat
pecordingly be assigned to Archiratas. “ha specimans

fiaured_by Kulsakowskaya (1962)vfr¢m oligochaatas show

the presence ofvegb in the uterus, andAaqcord;ngly }
they should be referred to Archiretes. D,claboldl

as racognisad by Szidat (1937) and B, anpandicnl atum as

recognised by Janiszewska (1950, 1954) and Kulakouwstaya
(1961 1962) are consequently recOﬁnised as baint correctly
| assignabla to Archigaten, L , .

» The prohlem o7 the ﬂynonony of _ ,aiebo;ﬂ and
A.annandiculatus 5till remains.~ Speclmans of both types

ware prasent in tha author's nolleotions and a comnurison

of them is glven below:—
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sﬂehnldi anv@néiculatuq i
Langth - 0.7~ 6 mme (1,1 mann) 1, l-w_6 rm, (165 mean)
vidth 0,2-0,7 M. (0,4 nmaan) 0.3.1.0 mm, (0.4 mean)
Tastes nunber 85-93 (91 nean) 75-99 (83 nmaen) |

Tagtas arranrement Secattersd in neduwlla Seattaered in medulla:
Vitaellaria - start Anterilor to tastan Anterior to testes :
continuity Continuous lateral Dizcontinuous latarai

to ovaféi“at laast to ovary '
on one side, I

Uterine glands Cenerally absent Ganarally absent

Nuﬁhefiﬁf specimans SR

exémined '15 \ 13

It can be seen that tha‘twb antities are very similar

indeed apart fron the continulty of thae vitellaria in

the reglon of the ovarilas, If the above descriptions

ara compared with tha descriptions of<ofher'snacies of

,tha genus, i1t will ba saeen that they constitute a single

unit with regard to the testes number and arrangement

and‘the anterior position of the vitellaria,  The

differenca in lensth 1s not held to be-sipnificant' ag

sneoimsna of the armandionlnatus proup warea at a nore

advancad stage of maturlty than thosa of the sieboIdi.

Tha £enaral gimllarity betwean them is showm in fips, 23—0(.
The difference in the nean testes number is vary slicht,

The most }myortmntvf&ctorvof all, howavar, 1s that the
continuity of the vitallaria is hotva stabiev :
characteristic. It oan be ‘seen in fige 24 that the



Archipretes siehnldd

oto gpparent broak in vitellaria on elther side of ovarye

Zomond
¥ Datteriun
L Civoas pouet
@ = gorcomer
¥ a Qvary
¥ Seminal veslcle
! » Qestes
Vo Uterus
e Yag deferens

. Vitelline glsnds

Yy game convention in the reprosontation of organsa hae been adoytsd
e Tipures 24 <31, These are not, thcfafme. labelled end reference
%Y bo made o this figure for identification of structures, ALl
Yecimens were collected from Limnodrilus,

1
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Arehiretes sleholdl

Note the thinning of the vitellaria on one side of the ovary
%4 the yesulting separation into pre and post ovarisn vitellaria,






Plemma 00
»M

fmehleates ateholdd

Note the complete division into pre end post ovariean
vitellaria on either side and the presence of small deformed

ezes in the uterus.






Pisnma 25

Archiretes giesholdl

P!Qte.
The complets division into pre and post ovarian vitelleria.
Ye prosenece of deformed ard noral esss in the uterus. The

boken ceroomers
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vitellaris nay be continuous on one side of the ovary,
but thin and broken on the other, The thinning and
interruption of tha vitellaria in this rasion is known

to0 occur in other sraclaes of Arechirates (Yaméguti; 1934;

Szidat, 1938) as the spacimens approach maturity and the
ovarias and uterus increase in siza,
It is sugrested that this moy be true hera slso,

and that the snpandiculatus type is onlyfa‘more nature

stagovof»A.SieboldiLl; Furthariconfirﬁntidn of this

ursastion comes from the faoct thatAs“ecimers‘of the
slaboldi typs have never bean found with apps, vherens

‘only ong sneoimen of the nwrenﬂioulqtus type has been

found without a3, A survay of the literwture revenls
the sane situation.} Spacimans of the sieboldi typa

have never been recdrded from fish or with errs. Those
.specimens recorded from fish or as pravid in the _
oliyochaete hava always bean of the annandieulatnsg tyne,
(uzidat 1937; Janis zewska, 1950, 19543 Xulekowskaya,
1961 1969) Since Wisniewski (1930) believed the two

types wera synonorious his life eycle studias of

A,sieboldl gilve no indication of which types wera present,

or if they occurred at dlfferent stages in the 1life cycle.
An attenpt was mada by the author to study thd‘davolopment

of A.siaboldl in the laboratory in an effort to clear up



6,29

thls problor, Tt only proved possibld'?oﬂtake ona
speéimoh‘through fha.complete life.cycié; ﬁﬁt in fﬁiék
specimon a thinning of the vitellaria in tho recion

of the ovaries was ob°erved at the commancament of

ers production. %uch a rasult cqnnot be rewqrded as
conclusive. ﬂa%ﬁita the nbsaence of exparimental
éfudiés; it is considsred that at present the balance of
all the circunstanﬁiql evidence presantad ahove confirms

the Buggestion that A:nrvendiculatus is only a more mature

staae of A.sieholdi. end nust hance ba raaarded as a

‘synonJm of this speciea.

Arohiﬂetaq hrachyurns Nrwnal 1608-
‘avnorxntq' |

Trnohjnruq hrﬂohvuruq uzidqt 193?

Parararidacris silasinoug aniszewalﬂ, 1950.

Gnaridaeris brachyurus Y"mnﬁuti 1959

ﬂencrintion:— , ‘ 5 .

© with the cl aractors of the genus. At the
commehcenent cf ecs production averaﬂe leﬁﬂth 5"0 rnm,
(2,4 to 3.)), pvererm brandth 0,45 mn. (0.4 to O, 5)e
Seolex bearinﬁ three distinet bothria on dorsal and
ventral ﬁurface Testas numberinf 137 (120 to 159)9
and extendinp from tha neck region to tha cirrus nouch.
Anteriorly, thay begin in front of the vitellaria and

are arrﬂnfad in lon*itudinQI rows of 30 to 40 rer row.

Praeovarian vitellaria 1ocnted in two lataral bands, extending




loterally nlong the ovarian wings (firs, 27, 28). )
Postovarian vitellarin presant, Uterine loops extand
as far as the eirrus poush, Utarine slands rresant.
Bess naasuring 62u by 32u,

Parosites of the body cavity of Iimnodrilus and the

intesting of Cyprinidae,

Nireussion

This appears to e thes least common species of ‘

Archirotes, It is described by Kulakouskaya (1961,1962)

as baing rare in tubifieids and very rare in fish, This
curront raecord is tho Tirst from Vestern iurope since

the originnl daseriptlon of this spacian from Czachoslovakia
by Hrazek (19080). The authort's spacirans approximntad
very.cloéaly to the daserintions of lMranzmek (1908) and
Wisniewski (1930). Thay ALffarad from ¥ulakowskaya's
(1961,1962) and Mubininat's (in Bykhovski, 19&2) dascrintionas
in thoat the vitellarin ara cahtinuous lateral to thae
ovarian'uings.(figS. 27, 23). VYo nantion is mnda of

this character in the type daserivtion end its importance

has alrendy been dlscussed with referanca to A.sieholdi
(pe6027) | | |
This spacies was originally-described from cravid

spacinens found in I.hoffnaistari, It was accapted as

a spaclaes of Archirstas by Joyeux and Basr (1936) and
Wisnlewski (1930). Ozidat (1938) dascribad spacinens of

Archiratas from fish and cranted a new ganus to contain
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then., IHa deseribed his specimens as Brechyurus sohii,

h.sp;;n;gﬂn. He considerad that A, hrachyurus waq the

progenétic lorva of a second sreeies of this manus, ‘
the mdnlt stoge of which had not yet baan found in fish,
and designated it as DNrabhyurns brachyurns, Fischthal

(1951) pointed out that Prachyurus as a ganaric name
wvas already in usa, This was taken up by Yhmagufin(lgsg)

wvho transferrad hoth s3raecies of Irachyurus to (Glarideeris,

His justifiention 7or doing so was that both spacies
occurrad in fish end vera similar to (,14rmodrili,
a spacies praviously dascribed by hin (Yamacuti, 1934).
Tha possibility that 211 three speciaes migsht ba mora

corractly aaoigred to Archimatas was ignored.

Yulakovakaya {1961) rat%inad hrxohyuruq in Arohinates, but

later (1969) accapted tha viavs of Yamasutd and transferred

both spaciaes of Brnchvurus to Plaridacris. At tha‘same

time she racopgnised that Parasarideeris silasiscus,

Janiszawska; 1950, was a synonym of G, brachynrua,

The tronsfer of A,brachyurus to a rew ganus_ onnnot

be accapted heres, The gmanus Prachynmsg vms craated
only because speeimans morpholosieally rasembling

Archiratas had been found rrom fish. Both brachyurus

and gob wara transfarraed to Flrridacris, wi hich

£enus theJ shovad 1ittle . w*finitj, 1nqtead of heinp

returned to Arnhireatag for the some ran asone  Both specles
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conform norphologically and biologically t°[th9,;'

locatad in this goanus, The quastion of the sinilarity

of bothvspacies to Gelinnodrill will be denlt with

under A,phii,

Avchirotos ~ohdd (5214n4,1038) n,eomh,

Synonynsse j
Prachyurus mobid Szldat, 1938,

Glaridacris 1imrodrili Yemaguti, 1934 .

G.robids  Yemaguti, 1959

Naserivtion

" with tha charactars of the genus, At tha .
commancement of es: production avarage langth 1.5 s
(l.i'to 2.1), averags -braadth 0,45 mm,'(o,B -0.8).
Scolax:baarinz three bothria on dorsal and ventral suffaces;
although soma may disappasr during fixation, ' Testes .
numbering 50 (39 to 63) and extanding from tha nack .
region to the.éirruéLpéuéhL Antoriorly, thay bagin in
frqnt"of tha‘vitellériﬁ and are ﬂrrﬂﬁéédqin'tﬁo dorsal
and tvo vantral lonsitudinal fows?wiﬁh”tvglvé to each rov.
Fraovarian vitellaria locatad in tvo lateral bands, ©
exterding laterally #lory ths ovarisn winzs, althouch
thay nay bo thimar in this rarion (fip, 29)., Tostovarian
vitellaria prasant. vUterine loops may extand ns far
‘as the eirrus popch. Utarine glands genarally prasent,.

Baes neasurdng 53u (45 to 63) by 32u (27 to 36).
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Parasites of the bbdy cavity of Limnndrilus and

the intestine of Cynrinidme and Cohitidre.

Discussion

This was the comronast spaclas of Archirataes

ccoeurring in Dritnin. This is the first record of the
inrva of this sreclas from VWastarn Zuropa, The authort's
gspaclmens approximatqd.very‘closaly to tha dascriﬁtiona
of tha adult glven by Szidat (1938) and Kulakowskaya
(1961,1962). |

Tha originalidaéériﬁﬁioh‘ef this shaclas as

- Prachyurug robil by Szidat (1938), its similarity to

A, brachnirng, and thae tranasfar of both araciaes to

. Glaridseris has bean discnssad undar A, hrachyurns (p.6, 31 ).

The spacies is morbhologically aimilar to the desoridad

‘spaaies of Archiretes, 1t conforms to tha Adefinition on

peG, 20, 8nd it i3 able to mature in tha invertabrate host,

It is accordingly considered that N, {(G.) robii should ba

located in Archirmtes =nd it is hare desirmated as A, robid,

When Szidat (1938) created the genus Brachyurus

ha racognisad the similnrity of A.rohii to G.1limnndrild,

and sccordingly transfarred this latter smecles to his new
conus,  This similarity boatwean tha two srecies was

largely responsibla for thair transfar to Olaridncris

by Yamasuti (1959); Ga1immodrild was daseribad fron

i
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Archiretes pobid

Tho variation 1n £haps of the scolex and arrangement of the
Yothria,

The presence of deformed o~ns and the abseace of a cercomer
(hl‘oken c?rr during the renoval of the specimen from the host) in
ecimen a,

The arrangement of the testes in two rows in the anterior

Yzion of gpecimon b
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L.hoffnaisters and from fishas by quqﬂuti (1934)."

In the sane work ha damonﬂtvﬁ+qd thqt the qneciaq was
able to attain maturitx in eithar host, No reaﬂons

for 1ts inclusion in G1nridaeris vare riven, other

than that 1t poswessed the characters of the penu« ‘
and hnd bean recor‘ed fron fiqh Lhe descrintion and .
figures uhow thﬂt 1t iq unl#ka any of the other Svecies

of Glnridocriq.‘_ Furthe“more, no othar sxecies of

this canus is able to natura in the invartabrate host.
A connnrison of the dancrintion of A, nnhii ivan above
and figs. 29—31 with the de«cription nnd figures of
G.limnodrili biven by Yanmasuti (1934) revoals no o

sianificght di?faranéa?._ Tha °im11arity batwean ‘;
ﬁhﬁs;\tﬁmisﬁecieé Qﬁs'élso notad hy § Ulﬂ’OVSFQJB (IQG )
and Calentina (pars.oomn.) Both nnrnhclopicwlly and

in 11;3 1ife cycle Galimnodrilt is .’mdistinmxiﬂha‘nle i'rom |

gobii and must therefora ha “agwrded ns a synonym

of this 1attor °vecies.

"~ Two other speclaes of Arﬁhigatas,have basn -

describved but have not yat been recorded fronm Dritain,

A, eryntobothriug wan dascribad'by;wisniewski {1928)

end latar (1930) conpared by him with other érecias'
of the genus. = It hes not subsequantly baen found,

Asiowensis wes doseribad from North Amorica by Calentine

(1962)., A full dascrlption of its morphologsy 1s given

and anough avidance to show that it may mature in
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invertabrate and vartebrate hosts,

A Xey +to tha gonus Archinmetas is givan by
Calentine (1962). In view of the systematic changes
proposaed abova it is consldered advisable to include
a naw key, This 1s based on examination of specimans

of A,siaboldi, A.brachvurns and'A.ggbii from the author's

collections; of spacimans of A,iowansis kindly lonned

by Dr. Calentines and of publishad descriptions of

Aiényptobothriu3; - The kay nay be used for sracimens

obtained from either invertabrata or vartabrats hosts.

la Testes arrangemant not clear; tastas beginning aftar
the vitellaria in the anterior part of the body;
Testes number 75-95 (mean 90), - _

' | A.siehnldi.Lauckart

1b Testes arranzed in longitudinnl rows, easily observable
in the anterior part of the body, Testas beginning
lavel with or in front of tha'v;tellaria;............;2

2a Taestes mnber 120 - 159 (mean 137), besinning in
froht ot vitellaria and arranred in rows of 30 to_

40 aach, o -
A brashyurus Mrazek

2b Testas number &veraging'154§ béginning leval with
~ vitellaria, and arranged in ssvaral longitulinel

rowa of 18 to 26 each, . N
A, eryptobothrius Wisniawski
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20 Testes number 57 - 76 (mann 66); scolex
'?"clanrly demarcated from body. o
N A.iox@nsiq Calentine

2&A'Testeq number'39”- 63 (moan ; ); scolex not
" 'clearly demarcated from body.
Ao rohid. (ozidat)

M

-

2) Geopravhical distrihution of Archirmatas ;

Althoush few racords cf'the‘genus’arelavailhble;
1t appears to be of fairly widesfraéd occ&rranéé‘but to
have besn frequantly overlookad, It would saem likaly
that its distribution will ultimately ba found to parallel
that of LinpodriluQ, vhich is oo"mopoliten. : L

The distribution will be iven by srecies and by

the country of occurrencae, New racords are indicated
£g such, - ,. . -  , | R
A;siaboldi Germany (Szidat, 1937);_Italy (new,rgcord)l
Swaden (Nyhaiin, 1962).vnenmark (Kénnedg o
| “and Chubb, 16'62) Poland (wisniens!%.i’ 1930).
. U,S.S.R. (Kulakowskaya, 1962), TFrance (Joyaux
and Baer, 1936). Czechoslovakia (Hrazak 1908).
Britain (Brinkhurst, Chubb and Yamwedy 1962)
Prasil (Marcus, 1942).

A, brachxurhs cvachoslovahia (Mrazek,1908) U.u.u.n-.
(Kulakowskaya, 1962) Fritaln (naw raoord).‘
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A, robii Germany (5zidat, 1958), U. 5.8, R, (Kulakowskaya;
1961). Japan (Ymmagﬁti; 1934). Britain (new
, racord). |
Ay lovensias U, 5. A (Calentire, 1962)
A.crvptobothrius Poland (wisniawski 1930)
Nennark (Dereg, 1948)

The genus has also been racorded from Finland (Brinkhurst,
pars.comn. ), Lithuania (Grimelis, pers,comn.) and Ireland
{naw record), but it was not possibls to identify the

spacimans owing to thelr condition.

_3) The prnwth and davelormnant of A, nohii in Limnodrt]uq.

Davalopmant of the embryo within the ecs ‘eonmences
while the gz 18 Atill ™tainad uithin the body of tha
castodes, After libero tion,_tha arcs 1ie in the
substratum nnd dsvalopment of tbe ewbryo is oomnletad
du;inp this pariod, The egna pra rrnsnmale inrested
dgring the course of tha tuhificid's normal feeding,
Hatchin nf the onGOQPhera does not tale plpce until
in*eetion han occurna@ and. tbsre is no frae living

corncidium in thia or any other sraclas of Arehirotas

(Visniawsid, 1930) After ivﬂestion the egns pass to the
postarinr res ion of the intastine where the oncosphera
hatchas.rl They prenatrate the intestinal wnll and core

fd'lié'in the body eavity of the posterior sagments whefe
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future developmont takes place,  Hatching of the

escs and‘penetration of the intestine’wail vas not )
obsarved, but it i3 prasumed that thia‘takes rlace in

the same nanner s described by Uisniewskia(lséo). Qoos
_ﬁerexrecorded,from tha postarior}regibns of tha intastihal
tract end the prosencs of devaldping oncospheres in the
body cnvity in this raogcion hns alno heen ohsarved, Tha
sha“e and structurs of tha castoda at this staga is

shown in f£ig, 30a. The scolax and carconar hava not

yot differentiated, the six eeryonio hooks arqe prasant

at the postgrior end of the body and thare is no trace

bf the genital;a.l The lensth of tha larvas at this atace
is shown in fig. 32,  If sevéral aces have beon insested,
up.to 20‘1érvaa rnay ba presént in the body cavity,

- | Within a short time the lorves prss rwvidiy to the
anterior region of tha tody cavity, not slowly as
raported by Kulakowskaya (1962 a), to lie in the cnalom
of the benitﬂl sacnents,  If the initial infoction
has bean heﬁvy, consldarahle larval mortality may ocenr
durinp thia nisration, as thare ara rarely rnora than 2
or 3 1nrvae in the manital sernont A1l furthar growth
nnd dcvelo*mmnt of the larvas takaes rlqce in thia rehion.

The cercomar now barlng to di*ferentiﬂte hJ the
cuttinm—off of the nrotrubranca he*rinw the hooks of the
oncosphara. The caercorer insrenses in lensth hut the
hooks do not increasa in siza. Tha hothria and seolex

also roke thelir aprearrnee at this stagna., The larvae
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increase in laength up to 1,2 rn. (fip. 39) The '
appoarence of the larva at thils tine is shown in fig, b,
vhare the fermszle and male gonitalia have mnde their '
appearance., Tha cercomsr raaches its fuli davelomnmant,
and the hothria and scolex Aifferentiate further. The
praateat dorraea of growth tﬁlaﬂ rléce at this stopre '
(fip,3 ), and individunl differencas armanr in developnsnt,
usually related to the numher of tantes (fir.29), or
tha shape of the 00010 (fias. 9 - 31) If the penital
orpans of tha host sfnrt to dﬂvelop, tha 1lnrvae coma to
1ie in the tastes ancs, : “ )
ng formation now basinag, - Those formed first

ara usuqlly nis-shapen and sterile, but the 1ater ones.
assuma nornmal dimensions (53u by 32u) and are faertile.
As cgg de?eiépment procaéds the utsrine loops increase
in siza, may axtend es far as the ecirrus saec (fig,. jla);
and causé thinnin~ of tha vitellnria in tho resion
of}thé ovaries.  Growts of tha larva continuaes, but
the rate slows down (fiz. 32). Production of erss
continuas, and thay coma to occupy moat of the body of
the adult (fig. 31b). | |

~ Por ennvanience in considaring growth end 11fe

cycles of Archiretes five stares in davelopmant are

recosnisad,  Stage 1 (flg.30a) i3 recosnised by tha
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Stapes in the develowment of A. pobil

a} Btace 1. Note abeence of cercomer and internal orgons,
{v) Stage 2/3« Noye poorly devéloped Boolex.
(o) otape 3.

For explanation of stages see text,







le) stage 4. Commencement of epn production. Note the absence
of the eirrus pouch and anlérgemant of the uterus,
(b) Stage 5. A ﬁravid gpoecimen, liote 't%ua reduction in tha.
| nutber of testes.
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The length of Archigetes pobil at 4ifferecht stages of maturity,
Ths data is based on the analysis of 100 specimens,
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ab ance of any genital otructures in tha lerva, Stace 2
is recogn;mad by the prauenca of tautes,and o cercomer;
In otare 3 the fenale ganitelia have appeared>(figs; 30b
and €). Stage 4 is charactdrised by tha comﬁeﬁcament of
LYo production (fig. ), and stawe 5 by the attainment
of conplete naturity, when thg adult is full of eggs
_(fig. 31b).  The siza of speoinars at anch stare is
shown in fip, 3 -

Up to this stage the devalormant of A, wnhii is
qinil“r to that of Assiehnldi (Wisnievs?i 1930) and
7, Anmandicul atun (m A, 8iahnldi ?) (Kulqkovq’nfp, 196°a).

Tha nathod of releasa of the escs, howevar, qnhearq to

vary fron spacies to srecilass, InrA.agbii epgs ara ratained
in the adult in utaro. The wtarus then increases in size,
and would geen aventually to rupturs, as the egf cona

to 1ie in tha body ond are not apparently surroundad by

any pouch, Liheration almosgt invariqblj pceurs by o
rﬂ’aqse of the pxraeite from the host, The parasmte-  i
rupturas-thc body wall by active movemants and rasses out
into tha substratum. vOccasionﬁlly tho“pqrnsita‘itsa;f |
bacomas runturad ddring this process, and eges are shed
into tha testes sacs of tha host cor diract into the
surroundins medium, lHore usualiy tha’ﬁ%rasite lies on |

the surfnes of the substratum, and ralense of ‘the arrs

[

in acsomplished by decay of its body. In A.sieholdi

Ty M
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egss ara algo retained in utero (Wisnlewski, 1930),
but eggs. of A.crvptobothrius collect into a cuticular

pouch (Wisniewski (1928), In A iowvensis epgrs are genérally
shed into the taétcs sacs of the host,  Thae sheddibg of

anes into'the testes sacs 1s elso reportsd to oceur in

A, brachynrus (Mrazek,.l908). Whataver the method of
rglaaée; the egos cohe to lio fres in the substratunm,

whéﬁcé‘the& can be invested by the tubifieid,

'~ The lancth of the 1ifa eycle in A.gnhii'ﬁhder
axparimantal conditions was dateminad by téﬁuiaf
ohsarvations on isolated infected hosts., Tew specimnns
ware examined for this purposa, as at that time the
parasites wera required for morrholo*ieal and davalopnantal
observations vhich required thaeir beins killed,  Tha
results are exprassed below: :

3tnea of maturity " o
Days nfter = O 50 116 143 213
gmq darosited

Accordin~ to wiqnion"“i (193@) A rinhnWHi wﬂg able to

corpleta two ganarations ench | Jeqr. _ The duration o? the
cyclerdepcndad on temrerétura, bainz amnroxinqtelJ 110 dny"
in worn weather and 210 days in cold s@nthar. “he

duration of the ecyele for 213 davs asrass wall with
vienlewaki's observations, as tha oh°erv"tiona also

took place during the colder months, Calentire (pars,comn, )

on the othar hand found a cycle of 100 days for



N
N e

A.iovensis. This agrees wall with Uisniewaki'

firure for warimar manﬂbq, but Calentine did not svecify
thae temparaturs of his experirmants. I

ﬁothin* ean ha saild Pfron perronﬂl ahservation nn |
the duration of 1lifs or the devalopment of A s obi
in fish as no fish infected by this castode ware fouﬁd.
In Britain, progonesis is apparently the doninant fornm of
dovelopmant, ~ The only person to have studied the
developnant of Archirstes in fish wés‘calaﬁtine (19g2

end perg.comn ) who workad on A,iowensis, e concluded

that their occurrence in fish was stric*ly seaaonal, of

a2 uhort duration only, an& thﬂt tha gwq wera "mnarally

shad into thae intestine of fi%h. Of the snacinans found

by hin in fish, £0% were gravid,. vhich would sus 'sst
that the procercolds do not bacome infective until
about stame 3. e racordad bhe>roinf of pértiéuiaf:
interast: ~®eraqq tha tnhificid cvcla tooh 100 days,
specinans of A,iovensis hatched fron ezrs taken from

Brecimena in fish suecassfully infactad and ﬂeveloped

in spacimsns of Limnodrilus, but had not proéuced egh

P

6@0 dqu after infection, e suzy sted th«t this mimht B

be evidance for the existence of two races (pers.comn.)
ggbii has been racordsd from fish hosts (5zidat, 1938;

Iulukowslajﬂ, 1961, 1962; ﬂuhininq, in BthOqui 1052),

but no detqils of its devalepmant are ﬂiven in these

accounts.
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4) Tho 14fe history of A.sobil from field investimations,

_ ~ The 1ife histnry of this species was inyeétiaated .
 in two localities; tha Shrﬁnshire Union Canal, at Dackford
‘Cheshira ond the R.Thones, at Reading. Both localities
vare deseribed in chavter S,a,l. - It nmust be emphasised
that it is difficult %o draw nany coneclus 1ons from thasae
"studiea as tha numbar of specimens examinad was snall.
This was inevitable in view of tha low degres of infection
attthesa sites (table 29) and.the-mathod of execnination
wharaby a 1imitad nunber of hogts was evnmined in detail.
Neverthelesq, in tha absance of any othar studies on |
the 1ife history of this snecies 1t was coneidered that
thase resuth, daspite their prelininary nature, ware of
mmevmmm | | | A
Tha results of thesa studias ars showm in table 30

The 11fe.cyclesinra exprasgedvsnlqu,in tarms of the.
saasonal Changes‘in maturity, éé\the laﬁgth'at ﬂifferant
stages vas considared to be too varieble (fig. 32) to
divide the population into size[clnéées. In compiling _
tha table the maturlty of all pnrasitaé found was considared;
ragérdlass of vhether they occurred as single or_mult}ple
infections, |

~ In both locnlitles breeding spacimens were only
found between‘ﬁayvand S§ptembar. . The majori£& of
specinans found throu@hbut tha yaar wara at stare 3

but 1t is difficult to know whather this has a valid



TABLE 30

- Sanannnal chanras in tha statas of maturity of

f1a1d vorulations of A,rmbii,

ﬁ) The Shronchire Union éanal.”‘

196 S 1962 1963
Maturtty D Z P M A M I L A SO EIDMA
1#2 5 55 303320510342
i 7T 45310 301300200
4 © 0000010010000 O

5 0O 0.0 0 031 21010000 O
Total . .12 910 6 1 4 9 3 110.1 0 5 4 4 =179
b) The R.Thrmos, Reading,

. 1962 - 1963
Ha’turit! 9_‘_’_12_0 Tac c‘ ‘l'i'_fl__ . ‘ I N4 J]_)' .
1 and 2 0 g8 0 4 0

a2 2 5 1 1 1

4 0 > v 0 1

s 0 0 0 0 9
Totnl 2 15 1. 5 11 = 34

For explanntion of states of maturity see texte
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neaning or note Stares 1 and 2 are more difficult to
detect in the hosts bacruse of their snall si»a.; >Iﬁ 
has alco been supgested that devqlopment nay prodead
rapidWy up to stage 3 (r.( 39),‘&fter which 1t proceeds
at a slower rite. . The najority of specimana mirht
therafore ‘be expacted to occur ot this stwﬂe. | It is |
evident An. both localities that tha nunher of Specinans
fluctuatas conqidarale fronm month to month,vand thera 13
no indication of a seasonal production of Jounr 1arv“a.
Tha praoence of stﬂge 2 anecimﬂns in xebruarJ and Harch
in the Caral, and of stage 4 specimans in xabruary in
the Hivar sug”ests that breedinm'nty nlso be tikinm .
place durinm the vinter, It rmust be concluded,
therefcre, that althouph bresdinw mﬁy taka placa throuahout
tha yaear in both locnlities, thare is 1o 1nd1cqt40n of

eriodicity in thae oceurrance or davelovmant of cgbii.}

k - In order to try and daterninae the imnortance of
fish hosts 1in the 1ife cycla, speoimans of fish ware
exariinad throu hout the sumisr of 1963 in tha canal.
It ‘was not ﬂ03°ib1e to carry out qimilqr exwminations of

Mh from the R.Themes., Tha nunbers sxanined were as

followste . L .
. Meh, Apr, May Juna -Jlv, Aue,

Rutilus rutilus (L.) 8 32 22 12 8
Abrania brann (L, ) 0 '
Parca fluviatilis (L.) 11
Rsox lucius (L,) 4

0
9
1l

Ww O
w2 O
w O o
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No species of Archiretes was found 1n the fis h ard it )

nay ba concluded that A,mobil in the canal is malntained
by progenesis, This differs from the life cycle of

A.dovensis as determined by Calentine (pers,corm.), where

adults were found in tha intestins o? a fish, Cyrrinus
earplo, in April., He calenlated tha ovaerall percantace

of gravid Archigetes present in olirochaates in ona year

in his loenlity as 3,27 and in fish as 80%,‘énd concluded
that tho-production of emms in tubificids is spparently
not surficient to maintain the;sﬁaciﬁs( ~ Thers is no
evidance for such a conclnsion, ns tha rminimun desres

of progsnesis that will surrort the continuad existence
of the parasite populnation is unknotm, ' Simiiar‘
caloulntions of tha depree of proparesis sive a valua of
6.3’ for the eanal and 26,5% for the R. Thames.‘ In the
formar locality this must ba sufficient to maintain the
srecias as it is the only type of davelopnaent to;occurim'
Calentine (pers.comm.) also found evidence of seasonal

production of gravid specinans of-A.ioumnsis; as threse

only occurred in tubificids in March ad Anril. This
contrasts with the sltuation as found in the Cansl,
vhare gravid Specimmns w3Ire fonnd for savaral ronths

of the yoar.
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5) Tha 1ife history of A,~nhil Pfram Ilnboratary investirations.

It proved possible to miintain o culture of

infacted specirens of Limnodrilus, to infact uninfected

spaeimons under laberatory conditions, and consaequently
to study tha 1ife cycle of A.r~obil in rather nore detail
then wos possidle under fisld conditions, The study
was aidaed both by the highor Adegree of infection and the
&reater nunher of cestodes prasent in the laboratory
cultures, - As a result greater reliance nay he plncad
_on the conclusions,  Cartain other factors, horaver,
~indicate 'that some care ls nacassary in the interpretation
of the results, In the first plnrea, 1ifa crcles
datamined undar iabaratory conditions do not nacassarlly
have any relevance to happanings unter natural conditions,
Sacondly, in tha earliar stases of invastigation
spacirans vare fraquantly rermoved and killed for the
purposes of taxononie =nd growth studies. o examinatién
of spacimans was mada Auring liarch, followine the
removal of specirans, ns it wes considared advisable to
allow natural davalopmant to procaed without interference
for a variod. |

The r@sults of thase studias area shown in Tig, 33;
The first factor that 19 avident, both by tha presence
of gravid specinming and irmature specinens following than,
is that propgeresis doas occur, The prasance of

gravid spacimons from February to Aurust, and of
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The seasonal changes in the gtate of maturity of specimens
of A, p#bii in sn infected population of Limnodrilus wnder
laboratory conditions. The fipures ropresent the number of
Bpecimens examined in each sample,
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3%a30 1 specimans in Jnnuary susrests that hfﬁeding .

can tﬁ”e rla ca1a11 the yanr round, The najority of
broeding spacinans were found from lny tb Angust, | ‘
.suupasting tha incidence of braedinﬁ nay vqry ueasonqlly.
As in the field rnrulntionq, howevar, thera is no
clear'evidance of poriodicity in the occurrence or
developmant of Sﬂecimeng. ~ Thera is ulso no clear
evidance for ths existence of Two ponerqtione rar "ear,

as was supwaﬁtad for A,qieholdi under similar conditions

y wisniewshi (1930) The dagres of progaresis was
cwlculated at ).in, vhich approximatas closely to
the ‘value for the Cannl,

" In conclusion, tha 1ife eycle of A.robil under
field and laboratory conditions nay be briafly sumnarised.
In B;itéin; reproduétion ir this spaciss arpenrs to be
exclueivnly progenetic, but in continantal huropa and
Asia rravid specinans hnve baan recarded from fish,
Broading apparently ocenrs all the,Jaar round, ‘but the
najority of gravid sracimens are found betwoan Moy
and Saptonbar, Thers is no othar evidéncé‘of pafiqdiéity
oL ocourrence or davalopnant of specimans.. In view
of the arall numbers of spacimang ax zmined thasa must
be regsardad as %reliminﬂrJ conclusiona onlj, and thay

raquire confirmation from rore detailed studies.
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6) Tha 1ife histarias of othar British sraecias nf

Carvophyllnaidae,

_ Dufing the course of this gtudy other spééies of T
caryophyllaaids wara encnwntared ﬁut nevar in such _
abundanca as A.robii, It was, therefore, imnu sible to
deterniné tbeir life cycles in any datail, under

aturxl conditions. It also proved imwo*sible to
obtain sufficiant upecimmns to mnintain 1nborﬂtorJ
poPuldtions. Nevertheless, in the total absanca of .
any othar information on tha biolo;J of these pecies“ é
in Britain it 18 considered that thase prelininary
obsarvations may be of value dg forming the basis for

future studies.

A, 8iabnldl

Néxt to’Augghii this was tha commonaat.sﬁacies
encnuhterad. Its SJstenntic ralﬂfion ships hava been
diéquﬂsad elsavhare (p.6.24)., Sracimens of stams 3 - 5
wara only encountersd batusan quch and A“rﬂgt.“ The
failure to racord any sraeimans outqida of this pariod
may be due to tha inability to diternine the o“ﬁCiin
1dontity of immature snecinoens, Gravid orcwigerous
spacinens ware found in evary nonth durin; its poriod

of occurrance in the sanmplas, Althoudh 1t was found

in I hoffnoistard 1n the Shropshire Union Canal it was
not found in fish,
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An attempt wns made to establish a population of
Limnodrilus infected with this species in tha ladoratory,

but 1t proved largely unsuccassful, A single sraciman,
Howe#ar,_unﬁerwent its compmlste davelormanial eycle in
201nddys; thua confirming thaVéxistende-df‘progenesis
in this spacies. As furthar eonfirmation spacimens at
stags 3 broutht in from fisld collesctions bacame gravid
in the laoboratory. Tnis srecies has freauentlJ baan
found in fish (Szidat, 1937; Rulakowskaya, 1961, 1962).

Adbrrnchyurug

Qhis is the rarest Dritish spacles of Archiretas,

th oc¢urfed ih very small numbars 1n éniy two of the
sitas oxaninad. No irmature or stara 5 snecirans ware
found but stage 4 spocimans occurrad in April and Octaber.
This confirms tha axistance of proranesis in this Specias,
firat reportad by Mrazek (1908), It has not baan
Yound in fish in Britain, but adults have beaﬁ recorded
from tha intastine of Cyprinidaa hy>yu1akonsbajq (10(1,
1962) qnd Tubining (in Dthavqki, 1062). TNacause of

its scarcity 1t was not possibla to eatahliﬁh 1nboratory

rorulntions o? infectad Lﬂmrodrtluq.




Caryvorhylleaqus laticens

It was shown in tahle °( that this specias

navar infectad Tdmnodrilus, and aocordinalj 1ittle

information qbout its biolopJ WQQ reoorded.T' Tha life
cycle has baen studisd by u@]utowioz (1934) and
Kulalowsaaya (1962a). | N § :
o Tha invartehrate hosts (table 06) apnear to be

apociaa of P"mwworyctoq u11yndr11uq and Luhifex.‘

Tha g@nus inigcted varied from site to sita, It was

nore cormonly found in P,barbatus, but wvhere this specles

wag absant it wvas found in Juilwndrilus,  ‘Vhere specles

of“bqth genara ware found in tha snna loonlit" it ung

bnly recorded from P,barbatus, anmorly there was

éhiy a sincle spacimen per hnst; occqnionally two
wéfétfound.; Tha parnsite was 1nvqriably situq ed in
;hé}cbeldm of the ganltal seaments or in tbe teqtes sacg,
Parasitéa of_stafe 3 wera ﬂlﬂﬁjq fouhd 1n hosts of
stareg 2 or 3. Spacinang of staﬂos 4 or % vwara naver
fcund in the invertabrate host,

In tha canal, specirens of star ~as 3 and 4 ware
fcund~ih‘roach and breanm throughout the pariod of
: éﬁaminatidn of fish. Progénesié doss not occur in this
épecias (Sekutowicz, 1934; Kulakouskaya, 1962a).
Tha latter muthor has also shoun that tha 1nrvee can

I‘emain 11’3 the 't‘ﬂ)i.’fi(}iﬁ fl“om 4 m{)nthfg 't,g tug y@nrn

a considarablj lonzer pariod thmn fnr %rchiﬁateq even
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1f 4% ultinately passes throughia fish'hostm(Caléntina,

rars, conm, )

Carvonhvllinaidas fanniecn .

’ This ﬂpeoies was only found in fiwh 1n the )
preqant SUrVey. Its 1life cycle hes not yet baen worked
out in dotnil, end tha ldentity of,tha intermed;ate host .
1g uncertain. It is paneraliy éohsidared to bé a ﬂ
~spacies of ﬁqididaa, pnsqiblv of the ganus. Sfxlmria
(Joyeux and Baar, 193( 1061). | 4 o |

~ From the little iﬂfornqtion availdhla it appears
that only a short period of time 13 qhent Ain the e
intermediate host, and thetg the larvqe era capable. cf .
infeatinp fich at a vary early stage in thair development.
In the praesent survey it was found to oceur in both
roach and bream throushout th@vperiodyof éxﬁming;ioﬁ
of‘figh.;‘ Spacimans of stages 2 to 4 ware rocorded, .

thus:confirming the nbove observations, |

7) DISCUSSION

~ The ralationship of Archirates to othar menara L

of tha Caryonhyllssides has lons bean a rrohlem, ' It

was regardad by Yisnlewski (1930) and subsequent authors
as an aberrent gonus, in vhich progenesis wvas the
axelusive nethod of dsvelovment, = Tha members wera
therefore regarded as neotenic procarcoids, and ware

considarad to ba unnble to infeet vertebrate hosts..
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Spacies morphologieally rasenbling Archirmstes but

occ@rring“in fish waere hanca autohatically_assigned ,
fb bther fanara. The concent of Archiretes 8s &
diltinct £nusS was later ques tione@ ond 1t was considered

thnt 'ﬂﬁeciea' of Archic~atas xnrn in "ct only

proaenetic lorVﬂa of sracies of otber caﬂarq of t

fanily tnown from fish, &vﬂhﬂreteq vas finqlly repﬂrded

as o cenus o?f hietcrio interast nnly (Janisneu ya 10 4).

mhe racocnition thet ~$ecias of A”ch*patoq may

nature in both the invartabrate qnd t}a vartebrate hosts
has resulted in a radefinition of the genus (p.6 20 ).
All sracies capable of unﬂergoing prcganatic davaloprant

may now ba united into a singlae genuq, and \roh*ﬂateq is

thus rgcopnised as a distinet Pnd valid genus and /
}characterised on the baais of its mnrhholo;y and life |
cyulas., The restrictinn of all species exhibiting
progenesis to a single ganus also annblas the ralqtionchips

'ba‘cuaen tha ganara of Oarvarhvllneidas to be cl arified.

Tha genara nay now ba arrancad in a raries shoving

tha stages in the attainmant of proreresis, Cﬂryozhyllaaides

and Khavina spand a relatively short time in the invartebrate
hest, and davelorant of tha ganitmlia dnas not commence
until thay hnve suceansfully 1nfect@d the vertebrate host

-(Kulékowskaya; 19623 and p.6,51 )s Carvorhvlilnaus is

also capnable of infacting the vertabrate host very

sarly in its develomment, hut on tha othar kand it nay
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be retaired in the tubificid up to 2 years (Kulakowskaya,
19623). Durines this time devalopnant of the genitalia
may teke plzece, but escs production doas not cormance
until it has infected a fish (Sakutowilcz, 1934{

Kulakowskaya, 1962a). Pincatabulun has a sh@rter 1life

eyele than Cnrvorhvllsans, but like this gonus dévelopment

of the ronitelia takes plnce in tha invartebrate host
and erss production only in the fish (Kulakowskayn, 1962as

it

Calentine, parsecomm.) The final stace in the esries

is repressnted by Arehiretes, In this genﬁs devalépment
of the panitalia énd are productlon nmny take place‘in'

the invertaebrate host., Tha vertebrate host may be
elininnted fronm the 1life cycle a;together; but this is not
oblipatory and erg productlon may occur in either host.

Arehimtas 1s econsequontly sean not to ba an aberraent

ganus but only to reprasent the final stare in the |
prosressive diminution of the importance of tha vartebrate
host, Thare is evidently a tendancy in the family for
the raproductive organs to appsar earlier in Asvelomment,
with a corrasponding lensthaning of tha duration of the
procarcoid larval stapa and the time srant in the
invertebrate host. The lo~lenl conclucion of such a
trend is the attaimient of conplete sexusl maturity

in the larval stase, and this oceurs in Archiratas.




The position of other genera in the fenily, not
nmantioned above, in this series is ns yat unknown,
Vary 1ittle information on thair 1ife histories 1s
available, although none of the spociles studled to
¢ate show any tracagﬂof progenatic_deveiopmeﬁt; In

ééﬁaral genara; including Honobnthrium and Gleridacris,

iﬁ éppaars‘thatvdavalopment.ofAthe aanitaXiakmgy tgke
plapq%ipvthe 1n#§rtqbrata‘host; ‘It‘is considar@d;
howéver;,thatAwhen sufficiéntyinformati§n on ﬁ&eir ‘
1ifa cyclas becoron mvmilabie’if’will prove possih1§4

to Pit them into the ﬁanaral pnttern outlinéd‘abovai

6.54

A



Ted

CHAPTIR 7

NISCUSSION

o The aims of this 1nvastip~tion nre sat out -
in the introduction Yo this vork, ond at its conclusion,
‘it is as well #e conoidar to vhat extent they have besn
achieved;  A stﬁdJ of tha varliation of poqqihls apécific
‘characters has ros ultad in tha acceptance of soma as
being sultable for taxononic purposes and tha rejection
of others. On the basls of thesa characters saven

spacles of Limmodrllns ara now racosnised, Of the

othar spscies that have at soma time heén assiened to

Linnodrilus soma ara racogsni-ad as being correectly

~locatad in other genara while others have baan roduced

to synonomy with the spacias of Limnodrilus,  These

hava bagn deseribed In detnil, taking inte account

the varintion in thelr specifie characteristics, and a
kay for their identifieation constructad. - In the

ganus tha genitalia rrovide tha most satisfactory spocific
characters, but this hes maant that, with ona or two
axceptions, 1t 1s not possible to identify immature |
spacimans, - Thie 1s a considarnble disadvantase, as it
hindars the intarpratation of rgsults derivad from

£ield invastisations,
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The genus as a vhole provas to ha cosmopolitan

in its distridution, but individual spacias nre restricted

to a graater or lesser degrea. Iimnodrilus hoffmaistari

end L,udekeminnus are truly cosmopolitan spooles;.

L.claporedeanus appears to be confined to the holaretie

region, L.belvaticus to the paleearctic and L.neptropicus

to tha nearctic. Limnodrilus rrandisetosus is

restrictad to Bastern Asin, Limnodrilus carvix appears

to be of nearctie origin, but aevidence is presented that
sugzests that it has comparatively recently been
introduced into Dritein and is spreading slovly throuphout
the country. Distributional studies in relation to
the ecologlical requirements of indiwduai,spaqigskféiied

to show any specific habitat prafersnces or the
existence of any ablotic limitipg faotors, Timnodrilus
hoffmagéteri ocour in almost every available type_of'
habitat; but L,udekemianus and I.clapnradennus are local

in their distribution, Corralationa batween the .
distribution and abundance of soma species and phyaical
or chemical characteristies of the environmant are nated,
but no avidance of ony causal ralationships was found.
The very conslderable overlap that exists in tha
distribution of all spacles and the presence of mixad

~ spacles populations suzrasts tha unimporwance of ablotioc
factors and the cnrra*pending,im@ortanoa of biotie
faetofa in deternining thae disﬁrihﬁtion and nbundance .

of esach spaecles,
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A detailed study of tha reproductiva»biology

vas'confined to bne'species, L hof fme isteri, It is |

prasuned that tha obsarved changes'take blaca‘in 2 | }
similar manner in other snécie%- The ability of Specimens
to ragcnerata lost mammants and of the penitalia to .
recress following brseding nnd 1atar to regenarate is
demonstrated. ‘It is e'u»rvrmtacl, howaver, that asexual
raproduction doas not ocecur to any‘sirnifionnt degree.
The existence of these phenomena and the inahility to
are spacimans, combined with othar factora, 1pgraasa tha
difficulties of interpratation of data darived fron
fisld investisntions, One problem,thét,emergad fron -
these studies and will require further attention is :
the obssrved pauclty or absence of cocoons in sone ,
spacies, and the possibility that these are ablae to :
breed without their formation, | R

'_ Tha 14fe historias studies show thnt_nq braeding
pattern is characteristic of the genus. Nevertheless,
thare is some evidence to shou that the time and duration
of breadinp, and the are at vhich qpeeimmna attain
maturity, are characteristic of eqch apecies. oome *

specles, as ;.alnparadaanus, ara.atrictly eeasopal

braeders, others, as L,udakeminnus, are less mo, .

- Within each speéies; howaver, there is considgrabla'
variation with regard to ths breeding pattern, and in
partioular to the duration of the breeding pariod. In
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2ll species the same pattarn of a lonver breading
veriod in more productive habitats 1e denonstrated.

Timnodrilus hoffmeisteri, unlike most other spscies of

tubificids studied, attains maturity in its first year
of life. The othar spaclies of TimmoAriins aeneraliy

breed in their sacond year, Thase rssults are
confirmed by leboratory studies, and these also
demonstrnted that the pattarn of breading is directly
raolated to the nature of the substratum.  The existence
of nicré populations and thair mobility within a single
looality, the problems of identification and age )
determnination hampered population studies in the field.
It was evident that studies of this nature will hava to
be carried out in considerable detail within a single

lbcality;’and a large number of samples takan'at fraquont

intervals. |
It has, therefors, proved possible to characterise

the spasocies of Limnodrilus on‘tha basis of ther

morpholosy, distribution and blolosy. In the eourse

o this study, howavar, saveral new problems have bean

vosad that are important to tha study of all tubificids,

The inability to identify irmature speeimens and teo

apa spacimens nmust be ovareoma,  The problems of

sampling and the validity of ths sampling techniques

in current use nust alse be invastizated, The

unaven distribution of tuhifieids within a small area

presents difficulties with respect to the selection
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of a sannling tachnioque, hut the ralinbility of the
tachniquo datomilnas tha necuracy of tha rasults, |
| Thae infornation paingd in the presant sindy, as
wall ng solving soma of tha originAl prodlamn, contritbutes
to infornation on tha basie 'rsiolo*v of tha oS vhieh
will provida a b&magﬁ'ﬂdnd for futura Qco}.og:inm. gtudiag,
In thae prasent work, M to laak of tim, ’smcvhk studisg o
ava larsaly besn naAactad, Natom thgy aro undertm!mn;
tha problens roforrod to in tho gﬁmvioua raresranh
nust first be overcona Tavarthalass, some of the lims
along which such studles nay ba ax mctad tc: rrocaad
are indieatad In tho prasent w;z*}

Tha fund=xniental oprronch to o stud,; o:r +he écoloz:y
of a spacies nuat bo the d@te"mimt on of the factors
thot linit its d*stribution and sbundance. It is
avidant that 1% is golng to be rore difticult to
datamine thaso factors for soro spaclos of LormoArdi 1y

than for otfmr‘". Iimnoardiun hoffnadntart, for exanple,

I'xm 'bsen shown to 'DG tha eann onast -mzc-im af the ranus,
toth in terns 02 occur*\woa and ahwﬂ'mm. It 13 o
co Manelitan, and oceurs in nlnost evary tyre of habitnt,
undar cartain conditions in comidambla n**mf!mce. ~ Its
1ifo history .Jhm:a it to ta a very M'zvtﬁ.bln rmacim.

On tha othar hend, a srcelsn 14ka ._‘,er"_ﬂm*mdaqmm shova

avid@nca cf,m_mstmctad Aistribution, rarely oecurs
abundantly ond hns 8 well A3fined 'breadirg c,;ola. A
stud,,r of the acolof:y of this spaciss would aproar to
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present rather fewer difficultiss than a study—of '
Lshoffrnaisteri, | o |
~ Soma indications of tha factors that are of

importancs in the ecolory of Limnodrilus hava emergedr

from the prasant study, The preliminary investigation
of the distribution of tha sracles of LimmrArilus
demonstrated tha relative unimportance of abiotic factors

and ‘emphasised the imMrortonce of biotie ones. The
irherent adaptability of each spacies also assumes
considerable importonce in this context.  The biotic
factors may ba subdivided into parasites, pradators,
Tood and inter or inira spacific competition, Thae
ralationship bat@ecn Limmodriius and its cestode
parasites has baen invastigated, and the stability of

the relationship domonstrated, - It was shown that the
affect of the parasitas on n populati on of Lirmodrilus

is nesligible, - Little information is avallabla on the
importance of predatioh. Savaral spacies are known to
fead on tubificids, oither hy diraet obsarvation or by -
indirect assunption, but rore infomation' about thair
relative importanca is raquired,  In particular] the
nature of the pradators; 'the'extant‘?o which Limnodrilus
forns an essential part of tholr diet, end the e2fact |

of predation on tubifielqy ropulations must he detarnined, -

" Tha nmost impo#tant factor in the acolosy of
Limnodriius, however, would appezr to be the nature and
abundance of 1ts food supply,  The significance of this



Te7

is discussed briefly in Chaper 3. In.the life cycle
studies 1t was shown that the breedins pattarn wos v
dependent upon the productivity of the havitat and the
nature of the substratum, The importance of the
latter and the availabllity of food has bean commented
~on several times in the courss of this work. The lack
of information on the naturs of tubificid food and
feadings hebitats has also been referred to. In view
of the poesible importance of food in detemining the

distribution and abundance of Limmndrilus future work

nust be directed tovards this end.
Little can ba sald at thls starms about the
importanca of competition~as a factor in the ecology

of Limmodriins, Howevar, the absence of nonospecific

populations requires mors detalled investigatioh. Tha
axistancs of nulti-spacific and multi-maneric populations
in an appsrontly hormogonous substratum, as in Ditton
Brook\and the R,Thores, appaars to contradict 'Gouse's
hypothesis®, It 1s posaible that under these ecircumstances
‘compatition is preventad by differemt srecles utilising
‘different constituents of tha suhstratum, thus the feeding
habits of each spacles will mssume considarabla importance
in this context, Should competition ocour, the
adaptability of the srecies mny well determine the outecona,
In the faca of currsnt controversy over the importance of
intargpecific compatition ns a biolo rical factor, the

axistanca of milti spacifie FOpulations rnust prasent a
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problen to all interssted in this field. The explanation
of this phanomenon will not only ba a mqjor advance 1n
the understandin of tublfieid GCOIOﬁy but may also

have congidarable influence on the davelopmcnt of

modern eoological thouwht.
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APPENDIX 1
Tetrils of the scmples from the

~ Shropshire Union Canal

1961 1962

: N D J P P M AMMJIIDN
T hoffmaisteri _
Sample 1 ; S
Immature 14 18 27 22 13 20 18 40 37 62 57 61
Mature 711151914 511 3 4 5 6 7T

Dreeding - mtm;91.519€r7123;131
Senple_2

Ipmature = -'-ao g 27 342144 78 60 74

Mnture ;_;-26147{353455

Breading - = - 01218 620 7 1 119

1. clanaradannus

Semple 1 1 0 4 4 0 200
- Sample 2 - - -

Lecervix DR
Sample 4 1 4 212 0 2 1 0 8-3 2

. Senple 2 - - - 37 41 20 351

Totnl numbar of
5p@cinans

Sarple 1 138 200 213:361491:5 41 71116 243455 580
Senple 2 - - - 1281311031718) 78 22t 307 530

From November 1961 um:il mbruory 1962 no duplioate
sanples ware taken, ,}



ATPONDIX 1 etd,

1962

1963

L.hoffma iateri

Sammle 1

D e e

: Immatuf@ 59

. Mature 4

Preedin~ 12

Samvle 2 |
Trmature | 75

- Mature

Breading 3

T, clararadannus

Samvle 1 0
~ Sample 2 0

T..carviz
Sample 1 1l

Samvle 2 0

S ————

Tatal numbar of

- specimens

Samplae
Sam 2

e

68
5

72

[

62
18
15

vvvvv

50
12

a7

57
21
17

74

11

2

53

9

18

29."Ju

12

50

2
9

59

535 600 607 712 282 809
310 426 793 552 526 W2

.8?,

A S8 S 0 N Tieessesdt A

9.

210

52

12

—~——t

63

12

17

169 450
341 612‘ 

10,2

No samplas were collected in January and February 1963 owing

to unfavournble weather conditions.
In aach month a subsample of approximately 100 specimens
from aach smnple wars exanined,



10.3

APPANTIY 2

TNetails of tha sannlas at Dittnn Brook

1962 1963
) A S 0 ®» nJ P M A M JI J A
I hoffmeisterd
Samnle 1 : )
Imature 8 5151411222018 6 727 57 31
Mature 71160421131428§3
Bresdinz 0 0 0 0 0 0 70 0 2 2 3 3
Sample 2 7‘ -' o
Immnture 911171614 7 31711 22 25 66 39
Matwre - 5 9 1 1 4.0 3 80 3 5 6 8
 Dreedinz 1110 0 000 010 3 2

~ L.udekemianua

Semple 1

Irmnture 14 26 21 20 40 40 63 38 19 26 27.16 30
0 1 911131120
. - ,

4
. Mature 0 0
0 ©6 010 2 210

- Breeding

Samnie 2 o L .
Immature 1352 26 333710 8322512 21
Mature 0001112531001
Breedinz 0 0 0 0 0 0°0 0 011 1 O O
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APPIIMIX 2 otd,

1962 1963
o A S O ® »m I P M A MJI T A
L.shelvetious
'mﬂnle ! ‘ i o
" ﬁggggg ”'f fbka'_0, 0.0 0 0 80 10 20
Breedinz. 0 00 0 0 0 O 04 0 2 O
Mature f:";_ ©00 0 0 0 0 0o0 00 1 2
 Dreeding 0 0 0 0 0 0 0O 0O 72 00
Totai‘nﬁmhar of - %
- spacimons T .
Sanple 3 35 64 198 105 242 113 130 86 54 95 247 3*113
Srenle 318835 2511301 19 45 72 72 132 254 29818

Owing to tha 1arae nunbar of apecimans prosent suhsamnlea
were exarined in October, Novenbar, December, June, July
and August, ’ o

Tuhifax tuhif&x was present in all thﬁ sqmplas ‘but is
not inaludad in this tabla. o

All irmature Limnodrilus, ezcapting Snacimenq of

L.udakamianua, havm haan essisned to L, hoffmaisteri aa

this spacias is nore nbundant than L, hslvaticun.
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APPINNIX Y

Natnils of tha sa2nvles from Raby Poni

The duplicate semples from March te early September
are compared in datall., Subsaquant to Saptember 1962, the
number of specimans in sach sanple was so small that a
compafison of samrles with regard to the number of specinens
of each spacias and the number in sach maturity class can
have 1ittle meaning, Accordingly, from Saptember 1962,
until the temination of the samplinr procramme samples are
only conpered with respact to the totnl number of specinans
and tha numbar of Limnndrilus,

1962

M M A M M J JL 3 A S
Limnodrilus indet, -
Sanple 1 - .62 7T 12 17 12 26 37 2 15

Semple 2 131111 14 15 36 27 59 51 41
Lyhoffrmeisteri ”
- Samnla 1 HMature

Dreading

Sanple 2 Mature 11

O O
H o w0
O 'y O 4

O +H O O

- Breedins

L,halveticus

Samnle 1 Mature

: Preading

Semple 2 Mature
Nraading

- Li.claparedaanus ... AP
Samle 1 6 5 0 2 0 0O O
Sampla 2 0 3 0 4 1 1 O

Total numbar of spacimans - R
Sanple 1. 56 T2 44 102 46 159 53 111 4 40
Sanple 2 48 83 55 99 43 111 223 96 74 70

oW o
~ H WO -
oW W
o H O M
o ©o o n

N I
IS I SR -

RO,
O oo O
NIO u W

O e
-+ ‘4&- D e
= OO Q
w © O O

12

w O
- T IR

o
O
o o




APPRNDIX 3 ctd.

Total nunher of srnaclimens

1963

Totel numbar of Tdrnodrilug

S suﬁnlle 1

[oemdir o Aeut i

Sam 16.

Sample 3

t

Sample 4

Sﬁmnie 5

Samnla 6

Semple 7

Samnle 8

1962

S o N B P M A M
12 22 8 8 12 8 7 10
6 283 2 1113 O
23 25 10 18 11.3. 1 8
6 160 5 0 11 2

19 220 6 16 O

‘0 9 23 0 14 2

4 48 2 6

0o 3 1 22 o0

12 10 6 8 6 j 4
2 72 2 1 03 0
12116 9 7T 21 3
2 11 6 3 010 1

P2 13 0 4 6 O

o 222 0 5 0

2 2% 12 1 3

© 2 011 O

10,6



APPINIIX 4

Notnils of the nemrlas at Yindarmere

The oceurrence of'L;hofi'me:lsteri‘in the samnles

) 1962

Sample 1 o ,'
Immature 41 39 31 81 51

Mature 8 6 5 4 7 |

Praadinz O 3 3 1 3

Totnl numbar of -
“sracinans 49 520 43 139 76

Sanple 2

’Immtum 13 41 14 63 57

Mnture 2 1 512 T
Dreeding 3 0 O 9 8

Total numbar of
"""‘“ﬁ"ﬂme 435 21 70 114

‘o‘o'm‘x

gi17 25 5
4405 2
4 2 9 3

=
N - WO

T 14 18 26 55 10

= N

30
2
1

-x-qo
LS XY
N OHow
- W

7 42 24 17 11 19

Ny

3

3+

5

13

10.7

Owing to tha largs number of specimens pras@nt in xebruary
subsmplas ware axanined, Tubifex tenpletoni was rregsent

in nmany of the smplaa but Ts not includa

n thiB ‘tabl& N



APTRIDIX 5

Tetnils of the orrnlas rt Ilyn Tosid

The_ocourrance of L.hoffmeisterl in the samnies

Samgla‘la

immature

“ Mature

fﬁh roading
Sanmmle b

Immayuru,

ﬂmtur6 

Jrﬁading

Samnle 2n

Imnatura

Matura

Bﬁaaging\7,0_i ,

Samhle Qﬁ”

1962

C o

N

254

00 2 217

Imnnture - O

Mature

Braeding

.aanplas a and b are duﬁlicate sqmplps tpban at tha sona

0 0
0

0 *o 2

016

k'o 18

1

Jd A B
025

210 24
217 9

0 0 0O

1 120
2 16'f 0

0 48

12

33

O 0.0 0
21

”'O -

0 o0

,1ta§

Sanples 1 and 2 ara 8s ylas takaen at differont sitas,

Ho sample 2b wns takan

conditians.

n Ausust cwin" to unfqvourqble \mnths
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APPRUNIX 6

- Tetnrils of the sammlas from the R.ThmmésL'

——

In this locality l.udakamianus was apparently restricted
to two stations. At bolh oI thesa it occurred relativaly
abundantli, and the duplicnte samvles conld consaquantly be
comparsd in detail (a). At the remaining stations tha
numbar of Limnodri%us in each semnle was =so small that &
comparison o ‘uﬁ catas with ragard to ths number of
epecimens of each 3pacles and the numher in each maturity
clasa can have little meanine, The samples from thase
stations are therefore conparad only with respact to the
total number of Limnodrilus prasent (b).

(a) The occurrance 0f T, udekeminnus in tha samvlaes
| ‘ 1962 1963

' : 0 D P M J1
Station 71 A) Irmature 0 18 18 11 19
Mature O 14 j 10 | 5
Prasdin~s © 4 3 10 4 |
B) Trmature 1 29‘ 14 28 3 5
Mature O 9 o !
| Breedingi() S 18 0 §
Station 72 A) Immature 29 22 24 23 11 . . |
Matwre 5 26 19 10 \

Brasdine 1 14 11 13 1
B) Imature 31 26 20 28 24
Moture 3 36 17 10

.

Pragdinz 1 g 9 16



10.10

APPR NT!IX 6 ctd,

b) The ocenrranca of other araclas of Lﬁ.mnoﬂriluq in

the ﬁamn] a8,

1962 1963
'~ _Oct. Taec, TFeb, May Jlv,
Station ' ~ o .
oA 7 12 A 13 23
S I 10 18 1
54 1 1 0n 9 16
. 2 : . .
1004 4 13 16 3 2
B 5 .19 8 I - O
15 A 25 o) 0 5
B 5 2 3
Pp A 12 6 o 2
B 0 14 2 1 2
45 A 13 3 4 ! T.
B 5 22 1 1 1
& A 14 1 18 o 6
B 5 13 6 o o0
67 A 55 26 9 6
B2 40 il 4
69 A 22 28 8 17 12
B 1 3 24 10 9
n a2 20 - 18 6 49
B 16 23 41 25 12
72 A 26 17 . a2 8 3
B30 12 21 7 4

Thy station numbars rafar to the distance of the site from
thg North bank of tha_river. -




APPEEDIX 7

Thae validity of the suhsanvlin~ techninus

When it provad nocassary to axanine subsanples, it

10,11

was assential to know if the technique was selective for

a particular specles or maturity class,

Tha"subsampling

tachnique consistaed of transferring all spacimens in the

sample into a petri dish,

ensure nixing of the spacirans, .

The dish wng than shakan to

A sarmant of the dish

containing approximately 50 spacirmens was than salected at

randon, and all specimens in the sesmant were removaed for

exanination. Tha proesdure was repeated to bring the slgze

of the subsample up to arproximately 100 specimens, 1In
opdar to test 1f the technique was selective, the entire

contents of two samplas ware subsampled and the subsamples

comparad, The results are shown balows=

a) Sample from the Canal on Necambar 12, 1961,

Subsrmnla

1., hofneisteri 1 2 3 4 5 g

Irmature 18 14 17 13 2a 22

Mature 11 13 10 13 9 1

_ Brosdipe | 6 53 66 63 59 57

L,cervix 2 0 1
- IL,clanarsdanma 0 0 1l
B.hammonienais | 3 6 3

Total numbar of spacimans 94 89 99 100 ’95 99



Since nll spaecies, aexcant L.hoffriaistari, wore

rresont in such small mubers, they wera not divided into §

naturity classes. The fourtaen sracinans rennaining in

the saple ware not included in the tablae.

%) Bamnie from Bronborou~h Otranm on 14 Oectohar 1061,

L hoffmeisteri

Imature
Matures
Braadings

L. udakanisnus

Immétura
Mature
| Droading

Tgtubifgx

Immature

Maturas

Braading

N

4

Suhs nhnle

5

N

22

70
16
2

O v o

18

n
13
0

eimans

Total nunhar of sne

120 109

24

15
3

o ol

23

10

16

75

17
o

73
16
1

19

78
18
4

134 117 126 122 129

10,12

i s

%x\' It can Dbe se8n by inspaetion of thass tables thnt tharae

4 Mag gvidence that the techniqua ig salective for a
| Tha AdAnta was not

"~ “eular speciles or naturity class,
{pre, annlynad numarie=lly,

was N
enployaa -

/

o /

“ha subsnmplineg techn
plasidered to bhe valld »nd non-selactive, and was
3hdbwhanaver it was naeassary to exomina

subsnrmles,

1que
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A REPORT ON A COLLECTION OF AQUATIC
OLIGOCHAETA DEPOSITED AT THE UNIVERSITY
OF NEUCHATEL BY D* E. PIGUET

by

R. 0. BRINKHURST and C. R. KENNEDY

Department of Zoology, University of Liverpool

With plate VII

This report was made possible by the loan of the Piguet collection
of slides of aquatic Oligochaeta deposited in the Department of Zoology,
Neuchétel. We are indebted to Dr. Dottrens and Professor Baer for
their assistance and the loan of the collection.

1. Tae CoLLEcTION

The slides consist of whole mounts and sections of Tubificidae,
Lumbriculidae, Haplotaxidae and Enchytraeidae. Most of the slides
bear a number, and most have either a locality label or a date, and, less
often, the name of the species concerned. The slide trays are also
labelled, but many slides have apparently been moved from one tray
to another and so this does not always give a clue to the identity of the
worms. We now give a list of the number, locality, date and name of
the species where these facts are available and, finally, the current name
of the species concerned. A revision of the taxonomy of the Tubificidae
is in the press (BRINKHURST 1962) and further details of the changes in
nomenclature will be found therein,

2. COMMENTS ON THE COLLECTION

a) Specimens numbered 53, 64. BRrETscuEr (1901) described
Limnodrilus longus. Later this species was regarded by that author as
a synonym of L. claparedeanus Ratzel, 1868. Up to the present time
the identity of these species has been established solely on the length
of the chitinous penis sheath, but in our studies we have found that the

Extrait du Bulletin de la Société neuchdteloise
des Sciences naturelles, t. 85, 1962. '



Nurmber

13
13c-d
13e-f
139
14-141

15-1Sg
19-19j

22-22n
23-23k
24-24e

Date

15th Dec. 1896
16th Dec. 1896
16th Dec. 1896
21st Jan. 1897

21st Jan. 1897
3rd Feb. 1897
5th Feb. 1897
5th Feb. 1897
5th Feb. 1897

Name

Psammoryctes barbatus
Psammoryctes barbatus
Psammoryctes barbatus
Psammoryctes barbatus
Embolocephalus velutinus

Embolocephalus velutinus
Embolocephalus
Embolocephalus
Embolocephalus
Embolocephalus

Current name and notes

P. barbota: few rather
poor sections.

Peloscolex velutinus: transverse sections
(5 slides).

P. velutinus t. s. (4 slides).

. velutinus t. s. (4 slides).

. velutinus t. s. (5 slides).

. velutinus t. s. (4 slides).

. velutinus 1 s. (3 slides).

T U T T

The slide trays containing Peloscolex slides are labelled Tubifex velutinus and bear the signature of E. Piguet. The handwriting

is that observed on all the

29-29b

32
35
37-37b

22nd Feb. 1897

23rd Feb. 1897
25th Feb. 1897
9th Mar. 1897

Tubifex rivulorum

Lumbriculus variegatus
Lumbriculus variegatus
Limnodrilus

labels on the slides and serves to identify the material as that belonging to Dr Piguet.

Two specimens under each of three cover-
slips. Note on the rear of the slide reads
« Tous des Tubifex sauf le dernier qui est un
Embolocephalus plicatus et I'avant-dernier
(Limnodrilus).» The specimens are 1. Tu-
bifex tubifex 2-4. Tubifex sp. 5. Euilyodrilus
heuscheri 6. Peloscolex ferox (specimen lacks
papillae).

Two whole mounts of L. variegatus.

Mature specimens are of Limnodrilus hoff-
meisteri, but several immature specimens
can only be labelled ? Limnodrilus.

R
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Number Locality Name Current nameé and notes
47 Léman ( Embolocephalus plicatus) Peloscolex ferox: 2 specimens.
47a Lac de Neunchatel } Peloscolex ferox Name corrected on slide at later date.
53-53¢ Seime Limnodrilus claparedeanus in P. and B.1913 { L.longus: 7 specimens on two slides
. (see below).
54-54c Seime Limnodrilus udekemianus in P, and B. 1913 L. udekemianus: 10 specimens on 2 slides.
56 . Lac de Neuchatel Tubifex velutinus *5 specimens of Peloscolex velutinus
56a Léman } {(on slide tray only) on 1 slide.
57 Lac de Neuchatel Trichodrilus? (in pencil) -4 specimens of Dorydrilus michaelseni (see
HrasE 1936).
58b, ¢ Lac de Neuchatel Stylodrilus heringianus Transverse and longitudinal sections.
: _ (on slide tray only)
64, 64a Lac de Neuchatel . . . L. longus: several specimens and dissected
64d, 64e Lac de Neuchatel } Limnodrilus claparedeanus in P. and B. 1913 genitalg regions (see below).
68 Lac de Neuchatel } Limnodrilus helveticus 5 specimens and 3 anterior ends dissected,
68a - Lac Vittern (Sugde) (on slide tray only) L. helveticus.
68b Petit ruisseau prés Limnodrilus helveticus see note below.
: d’Oerlikon . (on slide tray only)
76, T6a Riveau de la Ferme — Tubifex sp. 1 specimen has dried up, the
(Royan) other has the same fine chaetae, a Tubifex
type of atrium and a penis sheath like
T. tubifex.
79 Riveau de Ia Ferme — A dried specimen, as 76.
(Royan)
79a Riveau de la Ferme — Euilyodrilus ? heuscheri.
(Royan)
91,91a Rhéoni — Two specimens of Haplotaxis gordioides.
93, 93a Lac Vittern (Sudde) Stylodrilus heringianus
93b La:c Torne Triisk (Laponie) Stylodnilus hen:ngzzanus Whole mounts of S. heringianus.
93¢ Liinersee Stylodrilus heringianus Material from S. Ekman.
93d Lac Torne Trisk - e e e

(Torne Lappmark)

Stylodrilus heringiaﬁus




Number

93e-f
93g-0

95
95a-c
95d

96b-c

115

1211.S. a
121 11. S. a
121*b
121**p
121 I¢
Pllie
121 1llc
123a

123b

123c

123d

123e

124

124a
138gl, gli

Locality

Lac Tome Trask
(Tome Lappmark)

Lac Torne Trask
(Tome Lappmark)

Environs de Bale
Lac Vattern (Suéde)

Dans un puits
(Sodbrunnen) Bale

Lac de Bret

Tronchet

Lac Vattern (Suede)
Dr. S. Ekman
Dr. Piguet

Lac de Morat

Lac Vattern (Suéde)
Lac Saggat
(Sarekgebirge, Suede)
Linersee

Lac de Sils

Lac de Bienne

Lac de Lugano

Petit ruisseau pres
d’Oerlikon (Zurich)

Name

Stylodrilus heringianus

Stylodrilus heringianus

Rhynchelmis limosella
(on tray or (95d) on slide

Tubifex (1J bedoti

Rhyacodrilus palustris (deleted)
coccineus (deleted)
ekmani Piguet 1928

Tubifex (Peloscolex) ferox (Eisen)
Tubifex ferox
Tubifex ferox

Tubifex (Peloscolex)ferox (Eisen)
Tubifex (Peloscolex)ferox (Eisen)
Tubifex barbata

(on slide tray)

Trichodrilus sanguineus original de
Bretscher Dr Piguet

Current name and notes

9slidesoftransverse and longitudinal sections.

8 specimens together with cocoons.
R. limosella.

Euilyodrilus bedoti, several specimens, only
1 mature.

This slide has dried up and the worm is
unidentifiable.

Serial sections. For identity see note below.

P. ferox—dried up slides.
P. ferox—dried up slides.

P. ferox. Canada balsm mounts.
Several slides signed by Dr Piguet.

Psammoryctes barbata. Dried up slides but
chaetae still recognisable.

Bichaeta sanguinea. Hrabe (1936) saw a
specimen from Piguet labelled 138 b.

- ser
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Number Locality Name Current name and notes
139b Seyon — 8 immature specimens of Aulodrilus pluriseta.
140 Fiirstenalp Hydrenchytraeus stibleri . 10 individuals l\ieither species listed by
141 Fiirstenalp Hydrenchytraeus nematoides o 3. NIELSEN and CHRISTENSEN
8 individuals (1959).

145 Liinersee —_ Mesenchytraeus setosus (1 specimen).
146 3 Tumpel beim Altjaure Lumbriculus variegatus

Sarekgebirge (on slide tray) 2 specimens of L. variegatus.
i:ga ii:‘:l: Sils } Haplotaxis gordioides 2 specimens of this sp. on 1 slide.
149b Un ruisseau de Banyuls- | Haplotaxis gordioides 1 specimen of H. gordioides.

sur-Mer (Pyrénées orien- ) : .

tales) A. Vandel leg. :
157b, ¢ La Limmat pres de Baden | Tubifex (Ilyodrilus) moldaviensis Dr Piguet | 8 specimens of Euilyodrilus moldaviensis.
157d La Limmat prés de Baden | Tubifex (Ilyodrilus) moldaviensis D Piguet | 3 specimens of Euilyodrilus moldaviensis.
157l I1 La Limmat prés de Baden | par P. Steinmann . longitudinal sections ..

. N . E. moldaviensis.

157f1, IV LaLimmat prés de Baden | par P. Steinmann transverse sections
166-167 Récolte Robert Miiller

dans lacs périodiques
d’Eichen prés de
Schopfheim (Forét-Noire)

Enchytréidés (in pencil) Dr Piguet

Enchytraeidae sp. indet.
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form of the distal expansion of the sheath and the thickness of its wall
provide reliable characters. These points are dealt with in detail else-
where (s rinknurst 1962) but perhaps we should |nd|catethatL ......
Bretscher has a thinnelled sheath with a pear-shaped distal expansion
with a single, forward, projection. The seoond SPECIES, « crapare-
ddddddd hes a very thick-walled penis sheath with atrlangular tip with
ﬁ a long forward prqectl(on a)nd aso a long backward projection as
gUI’ |n Brinkhurst

b) Specimen 686, These SP0MENS Of Limnoarius nervericus
from a riverine habitat. Piguet ad Bretscher (1913) rrennoned
that specimens from such habitats had |fferentchaetae om those

found In lakes, but no riverine locali
indude one which is clearl em%yed for figure 2(5 argma thus we

belleve that the riverine ocallty concemed is that detai

i I—b\/\everv\eareunabletoﬁndanydlfferenoelnthe
ofmechaetaebetv\mnttmeard other lacustrine specimens of the

SATE SPECies.

0 Spedmes 121—serial sections only. <nyacoar Hus  erman :
Piguet, 1928 differs on 96%/ver%/sllghtlyfroma. patustris and <. coccineus
(&2 Brinkhurst 1 isof Interest t0 note that the orlglnal

author wes aso in sorre doubt about the identity of this material.
On sare of the dlides it is noticable that the spermathecal walls appear
topmto%:l{er |V|I andtothedorsaladeofthegjt\/\all
II6) We can dence of a%e communication
any of the th ree ca\/ltles character Otfjpon
V\/nlch thaee three species are separated concerms
halrchaetaeandthepraeenoeoral:)semeofpectlnatechaetae in the
dorsal bundles. Tnaee variations may lead to the recognition of species
(Tubitex tubifexbergi-blanchardi > OF Of vanetieS (c=ammoryeres ocnei
ddddd f oo oorieeony. There is & yet insufficient evidence
on which to bases decision in these cases.
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Plate VII

Transverse sections of Rhyacodrilus ekmani by Dr. Piguet showing the spermalhecae
on each side of the gut. Fig. a shows strands of tissue joining the two spermathecae
dorsally. In fig. b the junction with the dorsal wall of the gut can be seen.
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(Reprinted from Nature, Vol. 196, No. 4853, pp. 494-495,
- November 3, 1962)

/

Occurrence of the Genus Archigetes in
, Britain

DuriNg the course of investigations into the
taxonomy and ecology of aquatic Oligochasta we
have observed two species of Archigetes, a genus
not to our knowledge previously recorded from
Britain., Archigetes appendiculatus Mrazek, 1897 (non
Ratzol, 1868) was first observed in a specimen of
Limnodrilus hoffmeisteri Clapardde, 1862 obtained
from a Liverpool pet shop along with a large number °
of uninfected  ‘Tubifex’ worms. The same species
of parasite was later found in a pond near Fornalls
Green Lane, Meols, Cheshire, on May 28, 1959. A
gecond species A. sieboldi Leuckart, 1869, also from
L. hoffmeisteri, was found from the Shropshire Union
“Canal near Chester on March 20, 1962. The cestodes
were readily identified from recent descriptions of the
genus3, In each instance the parasites were located
in the genital segments of the tubificids. Both

Fig. 1.  Archigeles appendiculatus in the genital segments of

Limnodrilus hoffmeisters.  Both host and parasite are sexually

mature, eggs being clearly visible in the uterus of the parasite,

Note the separation of the( vitellh_}r)in into four distinct lobes.
. x ¢, ' .



apeclmens of A. appendwulatua had eggs in the uterus
(Fig. 1), while two specimens of A. sieboldi, from one
oligochaete, contained no eggs. -

At present we are collecting further data on the.
incidence and occurrence of Archigetes and other
costode parasites of Oligochaeta. We should appreciate
correspondonce with other workers who may find
such material during the course of their studies on
rolated fields of freshwator biology., = .

" We thank Mr. T. B. Greenan for translation of
Russian literature,

R. O. BRINKHURST
J. C, Cuuss . |
, C. R. KENNEDY
Department of Zoology, '
University of Liverpool.

Y Jonirzowska, J., Trav, Sos. Sei. Wroelaw, B, 66, 1 (1054).
* Kulakowskaja, O. P., Mag. Parasit., Moscow, 20, 339 (1081).
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STUDIES ON THE IRISH TUBIFICIDAE

By C. R. KENNEDY

Department of Zoology, University of Liverpool *
[Received 2 Aucust, 1963. Read 11 Novewmser, 1963. Published 4 Marcr, 1964.]

ABSTRACT

Tue study of the Irish Tubificidae has been largely neglected since the
publication of a check list by Southern in 1909. The only other person to
have concerned himself with them was Friend, whose taxonomic studies and
identifications are unreliable (Cernosvitov 1941). Accordingly, it appeared
that a complete revision of the Irish tubificids was long overdue. In this
paper an attempt is made to bring knowledge of the Irish tubificids up to
date and into line with the European species.

The literature pertaining to the Irish tubificids is here reviewed. In
addition, the results of an examination of Southern’s specimens are presented,
together with information gained from visiting sites and making further
collections. It has proved possible to confirm or correct the identity of most
of the earlier records by a study of their descriptions, by examination of
specimens or by both and to bring the nomenclature up to date. As a result
of this survey, seventeen species are now recognised as occurring in Ireland,
six of which are new Irish records. All of these are encountered, more or less
commonly, in Britain. :

INTRODUCTION

The study of the Irish tubificids has been neglected since the publication
of a check list by Southern (1909). In this paper he lists the tubificids occurring
in Ireland, with a brief description of some of them, and describes four
new species. Since that time there has been a greater appreciation of the
important characters used in delimiting the various taxa. Many of the
species recorded by him have now been assigned to different genera. Of
the new species which he described, T'ubifex thompsoni has never subsequently
been recorded; T, templetond has been recorded from a few places in Britain,
the U.S.A. and the Continent; Limnodrilus aurostriatus has only been
recorded from two other sites and L. parpus has been the subject of con-
siderable discussion. In a later paper, Southern (1911) records the presence
of two species of Tubificidae in the course of the Clare Island Survey.

*Now at Department of 'Zoc"logy, University College; Dublin.
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The earliest records of Irish tubificids, however, are those of the Rev. H.
Friend. Towards the end of the last century he visited Ireland to collect
oligochaetes, The results of his collections are published in the Irish Naturalist
(1896 et seq.) and the Zoologist (1898). It appears that he may report a
single collection more than once. Some of his records have been incorporated
in Southern’s paper (1909) and Southern’s records have in turn been
incorporated in Friend’s review (1912). Friend’s identifications of aquatic
oligochaetes are always suspect (Cernosvitov 1941) and his nomenclature
was frequently out of date, even at the time of publication. Accordingly,
very little reliance can be placed on his records. As Friend published in
rather obscure journals, many of which are now rather difficult to obtain,
the list of records in the following pages may not be complete.

It seemed that a critical re-examination of Southern’s specimens would
be of considerable value as a contribution towards the taxonic revision of
the Tubificidae. Accordingly, a visit was made to Dublin and his material
located in the Natural History Department of the National Museum. This
material comprises the types and co-types of species described by him,
together with a miscellaneous collection of specimens. Whilst in Dublin several
of the localities named by Southern were visited and collections made there.
This often proved difficult as the localities are described very vaguely, while
in two cases urban development has occurred in the regions named and
several pools have disappeared as a consequence.

In this paper an attempt is made to bring the knowledge of the Irish
tubificids up to date, by reviewing the pertinent literature, by giving an
account of Southern’s specimens and by listing contemporary field records.
It is hoped that this paper will form the basis for future work of an ecological
nature.

SysTEMATIC PART

The list of synomyms and references given under each species refers to
Irish records only. For a fuller synonemy than this reference must be made
to Brinkhurst (1963). This work, however, does not treat the Irish records
in any detail. The nomenclature used in this paper follows the check list of
Brinkhurst (1962). None of the specimens here recorded is figured, as the
important ones have already been figured by Southern and the diagnostic
«characters of the remaining species and the species recorded as new to Ireland
are figured by Brinkhurst (1963). In this same work may be found full
descriptions of all the valid species. No attempt has been made to construct
a key to the Irish tubificids as one to the British Tubificidae is currently
in preparation by Brinkhurst and includes all the known Irish species and
species likely to occur in Ireland.

A list of the species recorded from Ireland to date is given below, together

with their known distribution in Ireland. The symbols refer to counties and
vice-counties. The symbhol * indicates a new Irish record.
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Species Distribution

Tubifex tubifex (Miiller, 1774) DU. WI.

Tubifex costatus Claparéde, 1863. DU. AN.

Tubifex templetoni Southern, 1909, DU.
*Tubifex ignotus (Stolc), 1886. DU. AN.

Limnodrilus hoffmeisteri Claparéde, 1862. DU. AN. ME. CV. KD.
Limnodrilus claparedeanus Ratzel, 1868. DU. CV.

Limnodrilus udekemianus Claparéde, 1862, DU. AN. NT. ME.
Peloscolex benedeni (Udekem), 1855, DU. WM.

Peloscolex ferox (Eisen), 1879, DU. ME. WI. EM. WM,
Psammoryctes barbatus (Grube), 1861, DU. AN. KD.

Clitellio arenarius (Miiller), 1776. DU. WM. WC.
Branchiura sowerbyi Beddard, 1892, DU.
*Euilyodrilus bavaricus (Oschmann), 1913. DU,
*Euilyodrilus hammoniensis (Michaelson), 1901, ME. AN.
*Aulodrilus pluriseta Piguet, 1906. DU. ME. CV.

*Rhyacodrilus coccineus (Vejdovsky), 1875. DU. ME. CV.
*Monopylephorus rubroniveus Levinsen, 1883. DU. '

Key to counties and vice-counties ;

AN, ... Antrim; . CV. ... Cavan; WC. . . . West Cork;
DU. ... Dublin; EM.. . . East Mayo; WM.. .. West Mayo;
ME. . . . Meath; NT. . .. Nth. Tipperary; W1. . .. Wicklow.
KD. . - Kildare ‘

Tubifex tubiqu

T. rivulorum : Friend, 1897b, p.296.
T, tubifex : Southern, 1909, p.138.

Material.

2 slides, T. rivulorum coll. Southern. Murphystown®, DU.

1 slide T'ubifex sp. coll. et det. Southern. Calary Bog. WI.

1 slide Tubifex sp- coll. et det. Southern. Glasnevin. DU.

Numerous specimens T. tubifex coll. et det.. Kennedy. Howth Carrxck-
mines and Montpeher D.U. ‘

Both Friend’s and Southern’s records of this species must be doubted as
they neither figure nor describe it in any detail. All the surviving specimens
collected by Southern are immature and hence cannot be identified with
certainty, His identifications are probably correct, however, as he correctly
identified some non-Irish material, which is also present in his collection. The
majority of specimens taken durmg recent collecting in localities mdlcated
by Southern were mature and readily identifiable.

'The location of Murphystown could not be ascertained from. Southern’s papers
but it is assumed that it 1s in a townland (Glencullen) in County Dublin,

PROC. R.ILA., VOL. 63, SECT. B. [Z]
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T, costatus

Heterochaeta costata : Friend, 1897a, p.63.

H. costata : Friend, 1897b, p.297.

Tubifex costatus: Southern, 1909, p.139,
Tubifex thompsoni: Southern, 1909, p.140, ﬁg7
Heterochaeta costata: Friend, 1912, p.284.

H. thompsoni: Friend, 1912, p.284.

Material.

1 slide T. costatus coll. et det. Southern. Malahide. DU.

1 specimen T costatus coll. et det. Southern, Malahide. DU.

1 slide T'. thompsoni, type n0.106, 1909, Coll. et det, Southern. Howth. DU.
Several specimens T costatus coll. Healy, det. Kennedy. Bull Marsh. DU.

All the records by Friend seem to refer to a single collection. In none of his
papers is the species described in detail, but it is almost certain that his
records of H. costata refer to T. costatus. Southern’s records of T. costatus
are also valid.

The listed records of T. thompsoni ave the only two known and of these
Friend’s is an incorporation of Southern’s previous record. It was hoped,
therefore, that an examination of T'. thompsoni specimens would be interesting
but, unfortunately, it was not possible on examination to make out any details
of the internal anatomy, in particular of the genitalia, which, according to
Southern, served to distinguish it from other species of the same genus.

Palmate chaetae occurred in the dorsal bundles of segments 2-15, not
5-18 as stated by Southern. The remaining dorsal bundles contained only
bifid chactae, with two equal teeth and no trace could be found of any
penial chaetae. As noted, the genitalia were not distinct and no trace of
a chitinous penis sheath could be found. When a chitinous penis sheath
is present it is usually visible in specimens mounted in balsam. It is, however,
possible that this specimen was not mature. Southern claimed that the
structure of the genitalia of this species served to characterise it and to dis-
tinguish it in particular from T. costatus, which he considered it otherwise
closely resembled. The genital ducts, as figured by him (fig.7), make little
sense in relation to the form and function of the penis and his interpretation
of these structures is open to doubt, This specimen of T, thompsoni was the
only one in the collection and as the genitalia could not be seen, it was indis-
tinguishable from T. costatus. In view of its close similarity to T, costatus
and the probable mxsmterpretatlon of the genital ducts, it may be presumed
that T. thompsoni Southern is a synonym of T. costatus Claparéde.

T. templetoni

T. templetoni Southern, 1909, pp.140-141, fig.6.
T. templetoni : Friend, 1912, p.292.’
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Material.

1 slide T. templetoni. Type no.110. 1909. Coll. et det. Southern. Phoenix
Park. DU. (0132348)

3 slides T. templetoni. Co-types. Coll et det. Southern. Phoenix Park. DU.
Friend’s record is again an incorporation of Southern’s. This species has
since been recorded from Britain, U.S.A. and the Continent. -

T. ignotus

Material.

Worms labelled T. barbatus coll. et det. Southern. Lough Neagh. AN.
(in part). 3 specimens T. ignotus coll. et det. Kennedy. Carnckmmes and
Killakee. DU.

This species occured in two of the localities visited. One of
these was also a locality visited by Southern (Carrickmines) but he did not
record its presence there. A sub-sample of Southern’s collection from Lo{xgh
Neagh (the specimens identified by him as T", barbatus, see page 234) contamed
one specimen of T. ignotus.

“This is a new Irish record.

Limnodrilus hoffmeisteri
L. aurostriatus Southern, 1909, pp.136-137, fig.3.
L, parvus Southern, 1909, pp.137-138, fig.5.
L. aurostriatus : Friend, 1912, p.274,
L. parvus: Friend, 1912, p.274.
L. hoffmeisteri : Friend, 1913, p.171.

Material.

1 slide L. Aurostriatus. Type no. 103. 1909. Coll et det. Southern.
Carrickmines, DU.

2 slides L. aurostriatus. Co-types. Coll. et det Southern. Carrickmines, DU.
1 slide L. parvus. Type no.111. 1909, Coll. et det. Southern. Montpelier.
DU. : : c
-1 slide L. parvus. Coll. et det. Southern. R. Annalee. GV -

1 specimen labelled P. barbatus. Det. Friend. Lough Neagh. AN.

. Several specimens L. hoffmeisteri. Coll. et det. Kennedy. Carrickmines,

Montpelier and Grand Canal. DU. R. Blackwater. ME. Grand Canal. KD.

3 specimens L. hoffmeisteri. Coll.-Healy, det. Kennedy. Bull Marsh, DU.

L. aurostriatus was considered by Southern to be most nearly related to
L. Hoffmeisteri, He considered the chief distinguishing characters to be :—

. Pharynx reaches back to fifth segment. - ~
“Unbranched integumental vessels,
Shape of chaetae. |
. Shape of ‘penis sheath.
. Shape of spermathecae,
. Shape of spermatophore<

"cs.m-PL.mgo.-.
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In the preserved specimens it was not possible to observe the length of
the pharynx or the condition of the spermatophores. Brinkhurst (1963),
in his review of the Tubificidae, does not consider characters 1 and 5 to be
of importance in the differentiation of species. In two of the specimens
examined there are no parallel arranged teeth on the anterior chaetae (3),
as described by Southern for this species. All teeth diverge markedly through-
out the length of the worm. In the remaining specimen the teeth do approxi-
mate to this description. The dimensions of the penis sheath (4) of all material
examined are of the same order as those given by Southern and the shapes
are similar to those figured by him, although he did over-emphasise the twist
in the heads of the sheaths. Sheath heads of this shape have been observed
in typical specimens of L. hoffmeisteri, taken in regular collections in England
(Kennedy unpublished). The spermathecae (5) in these specimens are of a
shape, as figured by Southern, which conform to those of L. hoffmeister.
Spermatophores (6) are present in one specimen but no difference between
them and the spermatophores of L. hoffmeisteri could be detected.

L. aurostriatus sensu Southern (1909) has been recorded from only two
other localities. One record by Friend, to be considered later, and the other
from Lake Esrom in Denmark (Berg 1939), the identification was made by
Moszynski, Thanks to the kindness of Professor Berg I have been able to
examine these specimens. The chaetae are of the normal L. hoffmeisteri type.
The dimensions of the penis tube are similar to those given by Southern,
but shapes of their distal ends, however, are intermediate between L. hoff-
meisteri and L. aurostriatus, as shown by Southern. The former species
appears to possess a penis head of variable shape but, nevertheless, a basic
type appears to underline these variations. (The results of this study on L.
hoffmeisteri will appear at a later date.) The specimens from Esrom can
undoubtedly he assigned to L. hoffmeisteri but, because the characters
used by Southern to distinguish L. aurostriatus are variable and unreliable,
it would appear that his specimens also belong to this species.

" Many of the chaetae, which are considered to be so important in dis-
~ tinguishing the doubtful species, L. parvus, are badly damaged in both
specimens of this species. Those undamaged are of the type figured by
Southern with the upper tooth shorter and thinner than the lower one.
The average number per bundle in the anterior segments is five. The shape
of the head of the penis sheath is also similar to those in his figures. The
length : breadth ratio, however, varies from 86: 1 to 111: 1.

The validity of this species has often been questloned Cernosvitov (1939)
regarded it as synonomous with L. hoffmeisteri Clap., but later (1945)
regarded it as a valid species. Brinkhurst (1960) initially refers to it as L.
parvus but considers it to be synonomous with L. hoffmeisteri. Cekanovskaya
(1962) referred to it as L. hoffmeisteri f. parvus. Brinkhurst (1963) in his
world review of the Tubificidae now considers it to be synonomous with
L. hoffmeisteri. From a study of the type specimens and from personal
observations on specimens of L. hoffmeisteri this synonomy is accepted here.
Chaetae of the type figured by Southern for L. parvus are often found in
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conjunction with penis sheaths which do not conform to the type described
by him for this species, The remarks made earlier concerning the apparent
variability of the specific characteristics of L. hoffmeisteri, in particular that
of variability of the penis sheath is also relevant here. At present, it appears,
from personal experimental evidence, that the reduction of the upper tooth
of the chaetae is a direct result of wear. L. parvus Southern must, therefore,
be regarded as a synonym of L. hoffmeisteri.

Friend’s records of L. aurostriatus and L., parvus (1912) from Ireland
are only incorporations of Southern’s. In recording L. hoffmeisteri (1913) he
does not give a description of his specimens so his record must be regarded
as dubious. L. hoffmeisteri occurred commonly in recent collections and
abundantly in both localities named by Southern for L. aurostriatus and
L. parvus (Carrickmines and Montpelier).

L. claparedeanus

L. longus : Southern, 1909, p.136.
L, longus: Friend, 1912, p.274.

Material.
1 slide L. longus. Coll. et det. Southern. R, Annalee. CV.

This mount consisted of a single penis sheath. It was dried up and in
very poor condition but it was possible to see that it was, in fact, a sheath of
L. claparedeanus Ratzel. L. longus Bretscher is regarded as a synonym of this
species by Piquet and Bretscher (1913). Recently, the two species were again
separated (Brinkhurst and Kennedy 1962), but the separation is now recog-
nised as incorrect. The confusion arose as a result of the presence of a third
and now recognised new species to be described in a later publication by
Brinkhurst (1963) In this same work a full discussion of the relationships
of the species concerned will be found.

Friend’s record is again an incorporation of Southern’s.

L. udekemianus

. udekemianus : Friend, 1896, p.127.

. udekemianus : Friend, 1897a, p.297,

udekemianus : Friend, 1897b, p.207,

. udekemianus: Friend, 1898, p.120.

udekemianus : Southern, 1909, pp.135-136.,
udekemianus : Friend, 1912, p.292,

. udekemianus: Friend, 1913, p.171.

udekemianus v. wordsworthianus : Friend, 1912, p.292.

NN NENN

Material.
None,
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Friend (1896) gives a brief description of his specimens and from : this
it appears that his identification is correct. His first few records all refer to
these same specimens. His later records - incorporate Southern’s. Southern
(1909) had synonomised L. wordsworthianus Friend with L. udekemianus
Clap., but Friend (1912) refused to accept this synonomy. He reduced it to
subspecific rank and referred to it as L. udekemianus v. wordsworthianus.
From this work (1912) it appears that he considered Southern’s specimens of
L. udekemianus to be more correctly assignable to L. udekemianus v. words-
worthianus, whereas his earlier records (1896 et seq.) were of L. udekemianus
typica. As Friend nowhere describes any clear or valid distinction between
L. udekemianus and L. wordsworthianus, Southem $ synonomy must be
accepted., C

Southern’s records of L. udekemzanus for Ireland are, however, dublous
There is no Irish material in his collection but there is one slide and two
specimens from Lancashire. The slide is of an immature specimen possessing
hair chaetae and is consequently not L. udekemianus, although labelled as
such. The other two specimens are undoubtedly L. udekemianus. In view
of this, Southern’s record can only be accepted with reservation. Although
Friend is, in many cases, not to be relied upon completely, his records must
be accepted here.

The species did not occur durmg the survey. In collections made since
this survey it has heen found in the Navan and Drogheda Canal, ME.

Limnodrilus Sp.
© Material,

- 1 slide Tubzfex sp. Coll. et det Southern, R. Annalee CV
- 1 slide, unlabelled. Coll. Southern. Calary Bog. WI.
1 slide, unlabelled. Coll. Southern Mornington. ME.

All three slides contained immature specimens and hence could not be
identified. '

Peloscolex benedeni

Tubifex benedeni: Southern, 1909, p.139.
T. benedeni: Southern, 1911, p.5.

RS

Material, e , ,
Several specimens of P. benedenz Coll et det. Healy Bull Marsh DU

As a result of mlsldentlﬁcatlon by Friend, considerable confusmn has
arisen in the Irish literature between this species and P. ferox. The only
reliable records of its occurrence in Ireland are those of Southern. These

records will be dealt with under P. ferox,



KenNEDY — Studies on the Irish Tubificidae 233

P. ferox -
'Hemztubzfex benedzt I‘rlend 1896 p-128.
© H. benedii: Friend, 1897b, p.297.
- H. benedeni v. pustulatus Friend, 1898b, p.120.
".. Tubifex ferox : Southern, 1909, p.139.'
Tubificid indet. : Friend, 1911, p. 14,
H. benedeni: Friend, 1912, p.290.
H. pustulatus : Friend, 1912, p.290.
Spiroserma ferox : Friend, 1912, p.291.
H. pustulatus: Friend, 1912a, p.74.

Material.

2 slides Tubifex sp. . Coll. et det. Southern, Calary Bog. WI.

1 slide Tubifex sp. . Coll. Friend, det. Southern. Lough Mask. EM. WM.

6 specimens P. ferox. Coll. et det. Kennedy. Unnamed lough CV. Black-
water. ME. Grand Canal. DU. :

- This species, more than any’ other, has been incorrectly identified by
workers in Ireland. This, no doubt, is due to the changing ideas as to the
limits of the genus Peloscolex. Species now recognised as belonging to this
genus have, at various times, been assigned to the genera Hemitubifex,
Tubifex and Spiroserma. Generic confusion has arisen from time to time in
the above mentioned genera because of misinterpretation of specific characters.
The earliest Irish record is that of H. benedeni (Friend, 1896 et seq.). He
describes specimens taken from freshwater as covered with papillac and with
hair chaetae. Because of the presence of papillae they are undoubtedly
attributable to the genus Peloscolex, as currently defined. They could not be
P, benedeni as this species is characterised by the absence of hair chaetae. It
is, also, a marine littoral species (Brinkhurst & Kennedy, 1962a). From the brief
description given by Friend, it seems probable that the specimens are more
correctly assignable to P. ferox. In the cases of H. benedeni v. pustulatus and
H. pustulatus the views of Cernosvitov (1941), who made a detailed study of
the species described by Friend, are accepted. Friend (1898) described a
variety of H. benedeni as H. benedeni v. pustulatus and later (1912) raised it
to specific rank, ie. H.. pustulatus. His description, however, is vague and
Cernosvitov (1941) considers the species to be synonomous with P. ferox.
Spiroserma ferox, despite a lack of description, is also believed to be P. ferox.
The tubificid indet. referred to by Friend (1911} is a single specimen . taken
from Lough Mask, Co. Mayo, and sent to the National Museum, Dublin.
In the collection in the Museum a slide, with a single specimen .of P. ferox
and labelled Tubifex sp. by Southern but collected by Friend, was found. It
is possible that this is the specimen to which Friend referred.

Southern (1909) refers to T. ferox but does not describe it. Specimens of
P. ferox are present in his collections but they are always labelled as Tubifex
sp. . At this time Peloscolex was regarded as being synonomous with Tubifex
but the species now recognised as belonging to.Peloscolex are 1dent1ﬁable, even
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when the specimens are immature. From his remarks on P. benedeni (as T.
benedeni) in the same paper, it is obvious that Southern could correctly
identify one species as Peloscolex, yet he failed to identify the other species
when it occurred. It seems likely, therefore, that P. ferox as recorded by
Southern was, in fact, a misidentification and his record must be considered
dubious. The true identity of these specimens unfortunately cannot be
ascertained.

Psammoryctes barbatus

Psammoryctes sp.: Friend, 1897, p.102.
Psammoryctes sp.: Friend, 1897a, p.297.
Tubifex barbatus: Southern, 1909, p.139.
P. barbata: Friend, 1912, p.291.

Material,

5 specimens P. barbatus. Det. Friend. Lough Neagh. AN.

Numerous specimens T. barbatus. Coll. et det. Southern. Lough Neagh.
. AN.
2 specimens P. barbatus. Coll, et det. Kennedy. Grand Canal. DU. KD.

No description of the specimen is made by Friend but the locality is given
as Lough Neagh. It would, therefore, seem likely that the specimens mentioned
above and determined by him as Psammoryctes species are those referred to. -
Tentatively, one may consider Psammoryctes sp. to be P. barbatus. This
collection also contained single specimens of L. hoffmeisteri and T. ignotus.
Southern’s collection contained, besides P. barbatus, several Lumbriculidae
indet.

Clitellio arenarius

C. arenarius : Southern, 1909, p.134.
C. arenarius: Southern, 1911, p.4.

Material.

1 slide C. arenarius. Coll. et det. Southern. Malahide. DU,

1 slide C. arenarius. Coll. et det. Southern. Sandymount. DU,

1 slide unlabelled. Coll. Southern. Bantry Bay, WC.

1 specimen C. arenarius. Coll. Healy, det. Kennedy. Bull Marsh. DU.

None of Southern’s specimens is in good condition and all have some of
their chaetae broken. Nevertheless, all belong to this species.

Branchiura sowerbyi

B. sowerbyi: Southern, 1909, pp.134-135.
B. sowerbyi: Friend, 1912, p.290.
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Material.
5 slides B. sowerbyi. Coll. et det. Southern. Glasnevin. DU. (0153374).
1 specimen B. sowerbyi. Coll. et det. Southern. Glasnevin, DU.

All specimens immature but in good condition.

Euilyodrilus bavaricus

Material.

3 specimens E. bavaricus. Coll. et det. Kennedy. Carrickmines and Grand
Canal. DU. (0228238 and 0160325).

This is a new Irish record for this rare species.

E. hammoniensis
Material.

Numerous specimens. Coll. et det. Kennedy. R. Blackwater. ME.
Numerous specimens E. hammoniensis, Coll. Hynes, det. Brinkhurst.
Lough Neagh. AN.

This is a new Irish record.

Aulodrilus pluriseta

Material.
Several specimens 4. pluriseta. Coll. et det. Kennedy. Killakee and Grand
Canal. DU. R. Blackwater. ME. Unnamed lough. CV.

This is a new Irish record.

Rhyacodrilus coccineus

Material.

Numerous specimens R. coccineus. Coll. et det. Kennedy. Howth and
Carrickmines. DU. R. Blackwater. ME. R, Annalee. CV.

This species occurred very abundantly at all sites visited. Two of these
were sites visited by Southern. Reference will be made to its absence from
his collections in the discussion later,

This is a new Irish record.

Monopylephorus rubroniveus

Material. 4 .

1 specimen M. rubroniveus. Coll. Healy, det. Kennedy. Bull Marsh. DU.
(0230366). ; ' :

This is a new Irish record.

Aecgliana sigma Friend
Saenuris lineata: Friend, 1912a, p.221.
A. sigma: Friend, 1916, p.25.

This is considered by Cernosvitov (1941) to be a species of uncertain genus.



236 Proceedings of the Royal Irish Academy

Discussron

As mentioned in the introduction, some of the sites named by Southern
in his paper were visited. It will be noted that identifications of material from
these field collections confirm those of the preserved specimens. This is more
apparent when Southern’s nomenclature has been brought up to date. In
addition, several species not found by Southern at these sites have now been
recorded. A few remarks on this point may not be out of place here. R.
coccineus and T. ignotus are not easily distinguishable from T. tubifex,
especially when immature, and it is possible that these two species were
present in Southern’s collections but that he failed to distinguish them, No-
where in his collections are there any undoubted specimens of T. tubifex,
labelled as such, and it would appear that he was not certain of his identifica-
tion of these species. Although this is one of the commonest British species,
positive identifications cannot be made unless mature specimens are obtained,
so it is possible that he never found any mature specimens to confirm his
identification. Whichever is the case, it points to the possibility that he may
have failed to recognise both R. coccineus and T. ignotus. The above remarks
concerning maturity in R. coccineus apply also E. hammoniensis. There
is also in this case the further possibility that he may never have taken it
in his collections, as this species has occurred only rarely and in small
numbers in recent surveys.

Nowhere in Southern’s collections or in recent collections did L.
udekemianus occur.t This omission is rather surprising as this species i8
cosmopolitan, though in few sites does it occur in abundance.

Southern’s record of this species must be regarded as dubious for reasons
already considered, but Friend’s appears valid. It is likely that further
collections will reveal that this species is widely distributed in Ireland.

Of the remaining species recorded as new to Ireland E. bavaricus and
M. rubroniveus occurred in very small numbers and are not easily identifiable
unless fully mature. A. pluriseta, whilst readily identifiable at all stages of
maturity, not infrequently occurs only as single specimens and is consequently
easily overlooked.
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Some Aquatic Oligochaeta from the
Isle of Man with special reference to the
Silver Burn Estuary

By R. 0. BRINKHURST and C. R. KENNEDY,
Zoology Department, Liverpool University

With 3 figures and 2 tables in the text and on 1 Eddes

The only previous published records of Oligochaeta from the Isle of
Man appeared in the Monograph of British and Irish Oligochaeta (Sou-
THERN, 1909) and these were restricted to the families Enchytraeidae and
Lumbricidae. In this paper we record 14 species of aquatic Oligochaeta
from localities south of a line Peel—Douglas. The distribution of nine of
these species is followed in some detail in the estuary of the Silver Bum
at Castletown. :

Most of the streams in the area studied are unsuitable for the develop-
ment of rich tubificid faunas as they are fast-flowing and stony. Ponds are
scarce and so the most rewarding habitats are the estuaries of the larger
rivers, especially those at Peel and Castletown. At Douglas the estuary is
not readily accessible owing to the development of the harbour and of the
town, and so the nearest point to the estuary at which collections could be
made was Purt-ny-shee on the River Dhoo where the silty bed of the river
contained five species. Most of the smaller streams (at Fleshwick, Colby
River, Port Soderick, Poyllvaaish, Arbory) do not have a zone of brackish')
water as these tiny estuaries have been blocked by the accumulation of
large, rounded stones through which the freshwater drains to re-appear
“on the surface below the high-water line.

The localities examined are shown on Fig. 1 and will now be dealt
with individually. It should be noted that collections were made primarily
to record Tubificidae and so many Naididae may have been overlooked.

A. Stations at which no Tubificidae were obtained.

1) The word “brackish” is prefered to the term “poikilohaline”. As salinites
are so variable in estuaries, the classification proposed by the International Limno-
logical Society based on relatively narrow salinity ranges cannot be applied.
(Symposium on the classification of brackish waters. Arch. Ocean. Limnol, 1959,
11 Suppl)
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These are included as, in the absence of more than fragmentary notes
on the habitats of Tubificidae, negative records are as valuable as positive
ones. They mostly comprise small stony streams such as those at Fleshwick
(2), Colby foreshore (3), Arbory stream (shore) (4), Poyllvaaish foreshore (5),
Santon Burn (7), Port Soderick stream and shore (8), River Glas at Tromode
(9) and Abbeylands (10). In addition some shallow, muddy pools near
Rushen (1) and the stony shore of a flooded quarry near Castletown (6)
were also searched unsuccessfully.

B. Stations at which Oligochaeta were obtained

Station 11.In a very small, muddy stream at Rushen T. tubifex
was obtained together with the lumbriculid Stylodrilus heringianus.

Station 12. Stream at Glen Maye. This stony torrent receives a
small sewage effluent just below the road bridge and this had created a
bed of silt which supports a population of Tubifex tubifex. This species is
common in all types of habitat, but usually exists alone where the available
oxygen is low, especially where organic pollution is severe as it probably
is here immediately below the effluent outfall.

Stations 13 and 15. T. tubifex and Limnodrilus hoffmeisteri
were found together in the River Nebb (Glenfaba Mills) and the Arbory
stream (Ballanorris). Both are stony streams with silty patches. Nais pseudo-
btusa became very abundant here after sheepdip had been spilt into the
stream (HYNES p. ¢.).

Stations 14 and 16. Limnodrilus hoffmeisteri was found alone
in the streams at Cronkmoor and the Colby River close to the shore. In the
former stream the worms all had extremely long penis-sheaths, and many
authors have referred specimens like this to L. claparedeanus, but Brink-
HURST (1960) has shown that the form of the sheath is characteristic in the
latter species. The length of the sheath alone cannot be used as a taxonomic
character as it clearly grows throughout the life of the animal. Other speci-
mens with elongate penis-sheaths have been observed, in every other in-
stance together with more normal L, hoffmeisteri and for the moment we
regard these as one species, Now to be referred to Limnodrilus longus
BRETSCHER,

Station 17. Stream at Poyllvaaish. Just above the foreshore a bed of
silt contained a large number of L. hoffmeisteri and two Peloscolex ferox.

Station 18. Silverburn at Ballasalla. A shallow stony stream with
some silt contained T. tubifex, L. hoffmeisteri and Tubifex ignota.

Station 19. River Dhoo, Purt-ny-shee. This was the only really
muddy stretch of lowland river available and it contained many L. hoff-
meisteri together with T. tubifex, T. ignota, Aulodrilus pluriseta and the
lumbriculid Stylodrilus heringianus.
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Station 20. A single specimen of Tubifex costatus was found in a
pocket of mud between rocks above the tide-line at Peel. A trickle of fresh-
water ran over the mud.

Station 21.In the estuary at Peel four species were found in gravel
just below the lowest road bridge. These were Peloscolex benedeni (2),
Tubifex pseudogaster (12), T. costatus (8) and Clitellio arenarius (1), the
figures in brackets being the numbers observed. The distribution of these
species was followed in more detail in the estuary at Castletown (St. 22).

Station 22. Castletown estuary has been examined by the staff and
students of this Department on many of their Marine Biology field courses.
Like most estuaries of any size in Britain it has been developed as a harbour
and weirs have been constructed to limit the extent of the tidal flow. Fig. 2
shows a plan of the estuary. From its source, the Silverburn is a typical
trout-stream with a rich fauna, but below a small weir the gradient is redu-
ced and more silt accumulates (Station N—M). Between the bridges and the
first weir (which is in effect a dam) the water gradually deepens and the
bottom becomes more silty until 2—3 feet of mud was observed just above
the weir (Stations L—K). Sea water occasionally gets above this weir and
may therefore accumulate below the freshwater but none was observed
during the salinity survey (Fig. 8) which was carried out at neap tides. Just
below this is a simple waterfall referred to as the lower weir, and between
the weirs the bottom is stony with much gravel (Station J). Considerable
mud banks are exposed throughout most of the tide cycle on the south-west
shore above and below the swing-bridge (Stations G and D), but the main

“channel remains gravelly, with more silt in the stretch from the lowest
bridge to the mouth of the estuary (Stations A—B) than from the upper
weir to the bridge (Stations C, E, F, H, J). This last stretch is apparently
uniform in substratum and is now almost level owing to recent dredging
and rock-blasting. A sewer enters the river just above the swing-bridge
and the mud banks on that side of the river are black and deoxygenated.
A small effluent enters the estuary from a brewery on the north-east shore
opposite the sewer. This is derived from washing water and, once a week,
is very hot and contains caustic soda from the cleansing process applied to
the vats and piping of the brewery.

Salinity records

At the very highest spring tides a slight increase in salinity can be
observed as far as a hundred yards above the railway bridge (Fig. 2). The
highest point to which mean tides flow is given as the upper weir. Fig. 3
shows the results obtained during a study of the salinity changes carried
out on April 4—5th, 1960. The samples were taken from the surface and

Archiv f, Hydrobiologie, Bd. 58 ’ 24
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from the bottom of the river simultaneously at hourly intervals at each of
five stations and more frequently before and after high tide, and when-
there was no evident stability. In addition a tide curve was prepared from
a tide-gauge close to the lowest bridge. A sample was placed in a perspex
chamber and a hydrometer was used to obtain a reading of the percentage
of sea water in the sample. The readings obtained were sufficiently accurate
to indicate the changes occuring under the particular conditions of wind

- --Salt water detectable at
High-water, spring tides .

Railway and
road bridge

3 Weirs (Hidhest poitreached
HY,

Fig. 2. Map of the Silverburn estuary, Castletown. The two weirs are shown as
white lines on either side of J. A—N sites of collections detailed in Table 1—2.
Stippled areas — mud banks, I—V Stations used in salinity survey.
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and (neap) tides. Observations in the field showed that considerable im-
Poundment of freshwater occured as the tide rose until the freshwater
flowed out over the top of the advancing sea water. Thus differences in
salinity between top and bottom samples became apparent very rapidly
and little mixing occured at first. The surface water became steadily more
saline, especially at stations 1 and 2.

Whilst the freshwater flowed over the sea water at high tide a transi-
tional layer one foot deep and two to three feet from the surface was obser-
ved at Station III. These results compare well with the more detailed
Survey of the Blyth estuary by Capstick (1957). Under the combination
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Fig. 8. Tide curves and salinity records for 5 stations on the Silverburn estuary,
the stations being indicated on the sketch map (Fig. 2). Top line = surface water,
lower line = bottom water.



of neap tides and a strong onshore wind almost no salt water was observed
at Station V. All the salt-water receeded from the estuary at low tide on
April 4th but on the 5th sea-water remained at Station 1 throughout the
cycle possibly owing to the increased strength of the onshore wind. From
this it can be seen that the influence of salinity above the upper weir is
" much less than below it, where the bottom sediments are covered first with
freshwater and then with salt, with hardly any transitional phase. The
length of time that the sediments are covered with sea-water depends on
the distance from the mouth of the estuary, the state of the tide, and the
strength and direction of the wind. The latter may be responsible for the
fact that the tide apparently turned earlier at Station III than at II on April
5th (Fig. 3) the sampling points being on opposite banks, This apparently
circular tidal wave has been observed in the larger Port Erin Bay but it
would appear that such effects can operate even in such a narrow channel
as this estuary.
The fauna

Many freshwater species do not extend further down the stream than
a waterfall just above the stretch of stream shown in Fig. 2 but several
penetrate as far as the railway bridge. Some species disappear at about the
highest point at which salt water has been detected but Hydrobia fenkinsi
becomes abundant from here to the bridges. Brackish water species such as
Nereis diversicolor, Corophium volutator, Sphaeroma rugicauda and Jaera
spp. extend from the weirs to various extents down the estuary and the
more usual marine littoral forms appear in the lower pool (now only sparcely
owing to rock-clearance and dredging). Despite the abrupt change in
salinity regime produced by the weirs there is no really sudden change in
the fauna at this point, but rather a gradual transition as one proceeds
downstream. Much of this may be due to the impoundment of water above
the upper weir which causes a reduction in current speed from the waterfall
mentioned above and, below the weir, to the different substrata found as
well as the salinity changes.

In contrast to this there is a marked change in the oligochaete fauna at
the upper weir. Above it the species found at Station 18 are present (T. tu-
bifex, L. hoffmeisteri) together with Limnodrilus udekemianus, Stylodrilus
heringianus, and Eiseniella tetraedra. However, Tubifex nerthus replaces
T. ignota, and a few Peloscolex benedeni were obtained, both probably
owing to the slight increase in salinity occasionally observed at this point.
Very few worms were found in the deep pool immediately above the weir
where sea-water possibly becomes trapped after spring tides, but below the
weir tubificids are again abundant (Table 1) but different species are con-
cerned, Tubifex costatus, T, pseudogaster and Clitellio arenarius occur at
all stations below the weir together with Peloscolex benedeni at four of the
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nine stations examined in this section of the estuary. A single specimen of
T. tubifex was found below the weir (Station J) but otherwise none of the
freshwater species was present.

Table 1: Total number of worms obtained in five-minute samples from
Station 22 A—N

A B C D E F G H J K L M N
275 450 750 510 160 1350 1100 625 500 9 20 47 138

Table 1 shows the number of oligochaetes obtained in roughly quanti-
tative samples obtained by kicking up the bottom deposits upstream of a
pond-net (as supplied by the F. B. A)) for a period of five minutes at each
station, Table 2 shows the percentage composition of a subsample of about
fifty worms (all specimens from stations K, I, and M) in which each indi-
vidual was identified. From these data the following points emerge.

Table 2: Percentage composition of worms obtained in subsamples of about fifty
specimens from Station 22 A —N

. A|B|JC|D|E|F|G|H|J|K]|L|M|N
Tubifex tubifex 1.7] 0 |41.8}405 283
T. nerthus - . 83{ 42| 38
Limnodrilus hoffmeisteri 87.5 [16.6 |16.6 [22.7
L. udekemianus 12.6| 83| 7.1 |13
Stylodrilus heringianus . 64 586
Enchytraeidae indet. 16.5 [24.8 |28.3
Tubifex costatus 19.2{33.4]21.8]20.3/50.1 | 20.2} 45.1| 41.0| 32,0

T. pseudogaster 42.3| 8.8[40.2/44.9)|30.7]435]48.5] 35.7| 304

Clitellio arenarius 36.6(57.9]38.5] 12.1) 2.0|27.3] 1.5]23.2]385.7

Peloscolex benedeni 19/ 0 | 0 (138 84|/ 0 {45/ 0 {0 |0 |83

a) Peloscolex benedeni seems to be most abundant in the deposits of
mud below the swing bridge (Station D). This was also observed in
preliminary surveys. It occured both above and below the upper weir.

b) Tubifex pseudogaster is abundant throughout the brackish zone with
the single exception of Station B, for which no explanation can be given.
This decrease in abundance was not observed in preliminary surveys made
at the same time but on the opposite shore of the estuary.

c) Tubifex costatus is as common as the above at most stations in the
brackish zone, but decreases in number in the channel at the seaward end
of the estuary.

d) Clitellio arenarius is found abundantly among small stones but is
uncommon in mud. '

Thus, whilst the primary factor controlling the distribution of species
in this estuary is undoubtedly the great variation in salinity below the weirs
as compared with above, substratum differences account in part for the
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distribution of Clitellio arenarius and possibly for the small differences in
relative abundance of T. psudogaster and T. costatus. The decrease in total
numbers observed from Stations M—K probably reflects the increase in
depth of water and slackening of the rate of flow of the water approaching
the upper (dam-like) weir. Worms were most abundant at F and G, close
to the sewer and the brewery effluent.

Station23

A series of collections were made in small streams and seepages on
the shore at Port Erin, but Tubificidae were chiefly observed in those where
the freshwater ran over fine gravel between stones. Only 1 specimen of
C. arenarius was found in the large stream running across the sand at Port
Erin bay itself, and none was observed on stony beaches. Amongst the
gravel in Spaldrick and Boats for Hire Bays (Port Erin) C. arenarius was
abundant and at the latter Peloscolex benedeni also occured in considerable
numbers. '

These observations support the view that both substratum and salinity
are factors affecting the distribution of tubificid oligochaetes.

- Discussion

Tubificidae in general inhabit mud or silty gravel in rivers, lakes and
ponds and some small streams, but are absent from stony trout-streams such
as the Afon Hirnant (Hy~NEs 1961). Some of the factors affecting their distri-
bution are substratum, salinity and organic pollution. Certain species
(Peloscolex benedeni, Tubifex costatus, T. pseudogaster and Clitellio arena-
rius) appear to be limited to brackish water and may occur on the sea-shore
but, in my experience, only where freshwater seeps across the shore. There are
a few marine species (BRINKHURST 1962 a) but they were not obtained in this
survey. Organic pollution gradually reduces the number of species present
as it increases in severity (BrINknURsT unpublished) much as with other
groups of freshwater invertebrates (HyNEs 1960) until, when the pollution is
severe enough to exclude Erpobdella octoculata, very large populations of
T. tubifex are observed, with L. hoffmeisteri in addition in all but the most
severe. These two species are apparently the least demanding in their eco-
logical requirements, occurring in a wide range of habitats and withstanding
the effects of pollution and, in many instances, salinity (as at J and other,
unpublished observations) better than other predominantly freshwater spe-
cies. Substratum is also important in many instances. RAvERaA (1951) showed
that Tubificadae (P Psammoryctes barbata) became increasingly abundant
with increasing deposition of silt, and Aulodrilus pluriseta seems also to
prefer fine mud although it is among the least common of the British
species (BRINKHURST 1962 b).
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Two other species are notable, Tubifex ignota being one of the least
well-known tubificids (described in error as T. nerthus in BRiINkHURST 1960,
redescribed BRINKHURST 1962 a, b) and T. nerthus, a species new to Britain.
The latter was described as inhabiting springs and streams (MICHAELSEN
1908) but has subsequently been recorded from brackish water (KNOLLNER
1935, Burow 1957).

Finally it is again apparent that several species of these small worms can
inhabit the same locality despite their apparent similarity in habit (BRiNk-
HURST 1960) and frequently two species of the same genus are found in close
association, Further studies will be aimed at the ellucidation of this

situation.

Species recorded

1. Tubificidae 2. Lumbriculidae
Tubifex - Stylodrilus
Tubifex tubifex Stylodrilus heringianus

Tubifex ignota
Tubifex costatus

Tubifex pseudogaster Eiseniella
Tubifex nerthus Eiseniella tetraedra

Limnodrilus 4. Naididae
Limnodrilus hoffmeisteri Nais
Limnodrilus udekemianus . Nais pseudobtusa
Limnodprilus claparedeanus

3. Lumbricidae

Peloscolex
Peloscolex ferox
Peloscolex benedeni
Clitellio
Clitellio arenarius

Aulodrilus
Aulodrilus pluriseta

Summary

1. Fourteen species of aquatic oligochaete were recorded from the Southern
half of the Isle of Man.

2. The distribution of nine of these was followed in some detail in the
estuary of the Silverburn, Castletown, ‘ ’

3. The nature of the substratum (and hence the rate of flow of the water),
the degree of organic pollution and salinity have all been shown to effect
distribution and abundance of Tubificidae.

4. It would appear to be characteristic for several species of tubificid, often
more than one in the same genus, to coexist in the same habitat.
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Zusammenfassung

1. 14 Arten wasserlebender Oligochaeten wurden in der Siidhilfte der Isle
of Man gefunden. :

2. Die Verbreitung von 9 Arten wurde etwas emgehender im Silverburn-
Aestuar, Castletown, untersucht. .

3. Die Beschaffenheit des Untergrundes (und im Zusammenhang damit die
FlieBgeschwindigkeit des Wassers), der Grad der organischen Verunreini-
gung und der Salzgehalt wurden als wirksame Faktoren fiir die Verbrei-
tung und Hiufigkeit der Tubificiden herausgestellt.

4. Fiir mehrere Tubificiden-Arten scheint es charakteristisch ¥u sein, dal3
oft mehr als eine Art derselben Gattung im glelchen Habitat zusammen-
leben.
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Occurrence of the Genus Archigetes in
Britain

During the course of investigations into tho
taxonomy and ecology of aquatic Oligochaeta wo
have observed two species of Archigetes, a genus
not to our knowledge previously recorded from
Britain. Archigetes appendiculatus Mrazok, 1897 (non
Ratzol, 1868) was first obsorvod in a specimen of
Limnodrilus hoffrneisleri Claparéde, 1862 obtained
from a Liverpool pot shop along with a largo number
of uninfected ‘Tubifex’ worms. The same species
of parasite was later found in a pond near Fornalls
Greon Lane, Meols, Cheshire, on May 28, 1959. A
socond species A. sieboldi Leuckart, 1869, also from
L. lioffmeisteri, was found from the Shropshire Union
Canal noar Chostor on March 20, 1962. Tho cestodes
wero readily identified from rocent descriptions of tho
genusl2 In each instance tho parasites woro located
in the genital segments of tho tubificids. Both

Fig. 1. Archigetes appendiculatus in the genital segments of

Limnodrilus hoffmeisteri. Both host and parasite are sexually

mature, eggs being clearly visible in the uterus of tho parasite.

Note tlie separation of tho( vitellaliia into four distinct lobes,
X c. 17
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Forekomsten af baiiulelorme-sliegten Archigetes
Leuckart 1869 (Cestoda: Caryopkyllidea) i Danmark

C. R. Kennedy og J. C. Chubb
(Department of Zoology, The University of Liverpool, England)

Ved en undersogelse, som fornylig er foretaget af nogle oligo-
chaeter fra Esrom S0 —venligst udlant til os af professor Kaj Berg -
bemarkede vi nogle individer af Archigetes, en slegt som kun én
gang tidligere er blevet fundet i Danmark (Berg et alia, 1948). Den
af os fundne Archigetes blev observeret i et dyr af Limnodrilus auro-
striatus Southern, 1909 (= L. hoffmeisteri Claparede, 1862), som
blev taget i Esrom So af Berg ved hans undersogelse af denne (Berg
1938). Pa grund af dyrets alder og fordi det var ufarvet, er vi ikke
fuldstendig sikre pa artsbestemmelsen, men vi mener, at det drejer
sig om Archigetes sieboldi Leuckart, 1869. Bestemmelsen blev fore-
taget efter nogle nyere beskrivelser af sleegten (Janiszewska, 1954;
Kulakowskaja, 1961). Parasitten blev lokaliseret i tubificidens genital-
segmenter og indeholdt &g i uterus (se fig. 1). | et andet dyr af L.
aurostriatus fandt vi en juvenil cestode, men denne kunne end ikke
bestemmes til slegt.

Archigetes er tidligere blevet fundet i Danmark i Susaa og i en
dam ne&r Lyngby (Jylland) af Boisen-Bennike (Berg et al., 1948).

Fig. 1. Archigetes sp. i genitalsegmenteme hos Limnoclrilus aurostriatus, ca. 50 X
forstorrelse. Bade vert og parasit er konsmodne; man ser klart eggene i uterus
hos parasitten. Dyrene er ufarvede og konserverede i kanadabalsam.



Dyrene fra Susaa bestemte han.som A. cryptobothrius, og dyrene fra
Lyngby som A. sieboldi. Ovennaevnte fund er det forste fra en dansk
s#. Udbredelsen af sleegten Archigetes er i det hele taget kun under-
sagt i ringe grad, dog tror vi, den har en hyppig forekomst, men at
den ofte bliver overset. Vi er nu i gang med at indsamle yderligere
oplysninger om forekomsten af Archigetes og andre af oligochaeter-
nes parasitiske cestoder. Vi ville satte stor pris pd korrespondance
med andre, som finder et sddant materiale under deres ferskvands-
biologiske studier af beslegtede omréder.

Vi vil gerne takke professor Kaj Berg for tilladelsen til at fotogra-
fere dyret samt for oversattelsen af denne meddelelse fra engelsk
til dansk. '
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‘-”H& BIOLO?Y OF SOMA uR@°HwAT?R OLICGOCHAZTES

The majority of puhlicntiona 6n fhe renus Limnodrilus

CIap. (Tuhificidaa) hava bean of a SJstemqtic natura,
A 1arae nunber of spaciss had been describad on the basis
of mcrphologicﬁl charactars, but in the absance of any
account of tha varilations of the charéctera usad and
the biolorsy of tha sreclas the aystemntic position of
mahy of them wes dudlous, The ain of the present
invastigation was therefors to determine the true

relation&hipa of thesa spaciss by a atudy of their ‘
| morpholoﬁy, distribution and 1ife histories; "and then to
giva an sooount of the taxonomy and biolosy of the species
of Limnodrilus,
| As a rasult of morpholorslcal and lifse history

studies the genus is re-defined and seven spacles

S

racognised. Thase ara dasscribad and are distineuishable
primarily on tha nature of tha male sffarent ducts,
An asceount of the variation of the spacifiae characters

is given. Of the remaining Speciea of Limnodrilus

that had been daaeribed some vere racornisad s baing
corraetly locatad in other ganera, some wera reduced to

synonemy and a few wers ratnined ms specles dubia,



The génus as & wvhole rroves to he'dosmopolitan in

its distribution; hutrdiffaranc@s in the geographiesl
disfribution of thé spacias wars found, Two spacies

are cosmopolitan, ona holaretic, one nearctic, ona
pelasearctic and one nectropioenl, The remaining species
is raestricted to eastern Asis. 0f tha five spaciaes

that ocour in Britain, two appaar to have baen recently
introduced. The distribution 6f the remeining three .
spaciesn ovarlaps considerably, and theyvfraquéntly formad
mixad spaclas populafiona; Ro spacific hubitnt
preferencas or linmiting factors wara racognised.

In & study of tha 1ife historles of the British
species Wider laboratory end £101d conditions it was
appareht that no breedins pattern is characteristic of
the gghus.v There 1s msoms indication that the time of
breeding and the aze at vhich speeimans attnined maturity
are spacific characteristics, but within each spedies
the breeding pattern varies‘considarﬁbly. The durntion
end, to B lesser axtant, the time of breeding appears to
ba related to the productivity of the halitat and the
nature of ths substratun, The 1life historiles of sone
species are mors variable than that of othars, and the
more adaptable spacies prove to be thome that have a
widesprand distribtution.

It appanred that ablotic factors of the

environnent are of littls importanece in datarnining the



distfibution and sbundanca of tha spacies of Lirmnodrilus,
and that of ths blotie factors food is likely to ba
the most important. The relationship batween TLimnodrilus

and its cestoda parasites was considsred in detail,

but it was shown that these parasites have a neglirible

effect on the population density of Iimnodrilus, |
It has, therafors, provad possible to characterise

the specias of Limnodrilus on the hasis of thelr morpholocy,

distribution and blology, It was nof possibla to
recosnisa the ecolosienl requiramants of ench spaciea;
or tho foctors that determine tha distridbution and abundance
within any habitat, bt fron tha,availmﬁla evidencs it
1s apparent that the nature ond abundance of the fond

supply requires further investigntions



English version of "Forekemsten af baendelorme~slaegten Archigetes Leuckart
1869 (Cestoda: Caryophyllidea) i Danmark" Flora og Fauna 69. arg. l. haefte
1563,

During the course of a recent examination of some Oligochaeta from Lake
Estom, kindly loaned to us by Professor Kaj Berg, we observed a species of
Archigetes, a genus of which there is only one previous record from Denmark,
(Berg et alia, 1948). The Archigetes we observed occurred in a specimen of
Limnodrilus aurostriatus Southern, 1909 (L. hoffmeisteri Claparede, 1862),

taken from Lake Esrom by Berg during the course of his survey of the lake
(Berg, 1958). Owing to the age of the specimen and its unstained condition
we cannot be completely certain of its specific identity, but we are of the

opinion that it is Archigetes sieboldi Leuckart, 1869. The identification

was made from recent descriptions of the genus (Janiszewska, 1954; Kulakowskaja,
1961). The parasite was located in the genital scgments of the tubificid,

and contained eggs in the uterus (sce fig. 1). Another specimen of L.
aurcstriatus contained a juvenile cestode, but this was not identifiable even
'to £€Enus.,

Archigetes has previously beun recorded from Dunmark from the River Susaa
and from a pool near Lyngby (Jutland), by Boiscn-Bennike (Berg ct al., 1948).
The specimens from the River Susaa he identified as A. cryptobothrius, and
those from’Lyngby as A, sieboldi. Tane above recdrd is the first from a Danish
lake. The distribution of the genus Archigetes has on the whole been little

studied, but we suspect that it is of wide occurrencc, but has been frequently

overlooked. Currently we are collecting further data on the incidence and
occurrence of Archigctes and other cestode parasites of Oligochaeta. Ve
would appreciate corrcspondance with other workers who mey find such material
during the course of their studies on related fields of freshwater biology.
We wish to record our thanks to Profussor Kaj Berg for permitting us to
photograph the specimen, and for translating this paper into Dardsh.

Figure 1  Archigetes sp. in the gonital segments of Limnodrilus purostriatus,

cad. 50 X nognification. Both host and parasite are sexually mature,
€8s being clearly visible in tho utcerus of the parasite. Specimens

unstained and mounted in Canada balsam.





