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CHAPT3H 1

I NT IX) TJUCTIOII

Although several fan llles o f oligoohaetes occur in 
fresh water it  is  members o f the family Tubificidae that 
are frequently encountered in general b iolog ica l surveys. 
The widespread distribution o f the family and the abundance 
o f tubiflcid3 under certain environmental conditions, 
especially in organically polluted waters, have Ion,» been 
recognised, but l i t t l e  is  known of the biology and 
ecological requirements o f individual species. The 
Tubificidae are primarily inhabitants o f muddy substrata 
in inland vnter3, but despite the obvious importance of 
the family in limnological studies they have received 
vary l i t t le  attention compared to other groups o f 
freshv/ater organisms. In most publications o f a general 
limnological nature no attempt is  made to identify 
species, and they are commonly referred to as Tubificidae 
indot. Occasionally references are made ' specially  to 
Tubjfpx tublfax and Llmnodrllus hoffmelstorll the tvro 
most widespread and abundant species, but since these 
identifications are rarely checked l i t t le  reliance can be 
placed on them.

The principal reason for the neglect o f b iological 
studies on the Tublfioidae has been the d ifficu lt ie s  o f 
identification  o f specimens. The lack o f unifoimlty o f



approach o f  e a r lie r  workers, the d e fin it ion  o f  
species on morphological characters alone, with no 
account bain£ taken o f  th e ir  variation , and the 
scattering  o f  tha species descriptions throughout 
an extensive litaratu ra  hava n il  combined to  increase 
the d i f f i c u l t ie s  o f  id en tifica tion  fo r  persons who were 
not sp e c ia lis ts  in the ¿proup, Tha la st complete 
taxonomic rev ision  o f  the fam ily '-’ns nade by Michaalsen 
(1900) at a time when very few species were recognised, 
Althourfi Stephenson (1930) described a l l  the genera then 
recognised, ha made no attempt to describe the species, 
Furthermore, the insistence o f  the e a r lie r  workers that 
id en tifica tion s  could only bo made on l iv e  specimens or 
preferably even from se r ia l sections ¿preatly hindered 
tha development o f  studies o f a b io lo g ica l or  e co log ica l 
nature. The ¿treat m ajority o f  published works on tha 
fam ily have been o f  a taxonomic nature, with occasional 
b io lo g ica l notes. Apart from the studies on reproduction 
by Gavrilov (1931 e t .s e q # ), the f ir s t  papers on the l i f e  
h istory  o f  any species did not appear u n til comparatively 
recently^ ĵhon Poddubnayu (1959) published an account 
o f  the l i f e  cycles  o f  three species o f  Tublficidaa.

A year la te r  Prinkhurst (i960) described a 
technique fo r  tha examination o f  whole mounts which 
enabled lar^e numbers o f  specimens to  be examined 
fa ir ly  rapidly . At tha sane time he was preparing a 
taxonomic rev ision  o f  the fam ily, and a key that could
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be used ‘by e co lo g is ts . The preliminary resu lts  o f  
h is  studies on the B ritish  Tubifieidae were published 
in  I960. I t  m s  evident from th is  work that further 
detailed  studies were needed on some genera, in p a rticu la r 
the conus Linnodrilus Cl spare da, 1062. Brinkhurst (I960) 
recorded throe B ritish  species o f  Blmnodrllnn, but was 
not certain o f  th e ir  v a lid ity  or the status o f  sons 
apocinen3 found by hin. In a discussion on B .hoffm oistorj 
lie stated that "There is  a chitinoua penis tube in 
segment 11, and in th is  species i t  is  usually 11 -  12 
tinea longer than the vidth^ but immature specimens have 
tubes as short as L.udeVonlnnusi and I have observed 
several specimens with the tube as lone as that o f  
L, olapa,redeanuslt. lie al30 expressed soma doubt as to  
the correct taxonomic status o f h,n-rvus? I t  was 
apparent that in fom ation  on the value o f  s p e c if ic  characte] 
within the genus and on the b iology o f  each species was 
required before the true relationsh ips o f  the various 
e n tit ie s  could be determined.

The follow ing points in particu lar required 
c la r if ic a t io n . The re la tiv e  values o f  the chnetae, the 
length and shape o f  the penis tuba as taxonomic 
characters ware known, ns also was the range o f  variation  
exhibited by each structure. I t  was also important to  
determine whether these structures varied with the age 
o f  the specimen as w all as with I ts  condition  or  habit at i 
The v a lid ity  o f some species and the status o f  some



entities also required investigation* In particular 
it  was dasirod to know whether L*mrvua was a valid 
speciee or whether it  was only a you«/' stage o f  another 
speoios, and what was the status o f the forms with a 
long penis tube described by T5rinkhurat (19#>) under 
b .hoffnelstorl*. Finallyj it  was necessary to determine
whether there were any biological and ecological 
differences between the species in addition to 
morphological ones. It  was evident that morphological 
characteristics alone ware not sufficient to separata 
the entities: a knowledge o f the biology o f each was 
essential to an understanding o f the systematic 
relationships within the genua*

The answers to the problems posed above could 
only cone from a detailed study o f the morphology and 
biology of the species o f Llnnodrllus, and it  is  this 
study that forms the basis of.the present work* The 
problem has been approached along the lines indicated 
above. A study o f the taxonomic characters and their 
temporal and seasonal variations has resulted In seven 
valid species o f T.imnodrllus being recognised and 
described* The geograx-hical distribution o f these 
spocies has been studied, and also their distribution 
and abundance in a variety o f types o f habitat. The 
reproductive biology and the relative importance o f 
sexual and asexual reproduction was studied In detail



fo r  T..hoffnaisteri. Finally, detailed investigationa 
were carried out into the l i f e  h istories o f each of 
the British species o f lirmodrilus un^ar different sets 
o f fie ld  and laboratory conditions. The information 
Gained from these studies w ill provide a basis for 
future work o f a more ecological nature, but in the 
limited time available for  the present study it  ran not 
possible to investigate the ecology of tho species in 
any detail.

One further aspect o f the biology of T.lmnodrilus 
was treated in some detail although it  was not directly 
relevant to the problems onnunarated above. This m s 
tho relationship between Binupdrllus and its  Ceetoda 
parasites, and the biology o f the parasites themselves. 
Infected specimens o f T.imnodrilus ware frequently 
encountered during the examination of routine samples, 
and in the almost total absence o f any published 
information on the biology o f the parasites or the host -  
parasite relationship it  was decided to investigate these 
topics in rather more detail than is customary in studies 
o f a more general b iologica l nature.

The snmpling methods are discussed in the 
appropriate chaptersj but it  is convenient to re fer here 
to the methods o f examination o f specimens. The majority 
o f specimens wore examined as whole mounts  ̂ having bean 
k illed  and prepared for examination by the technique



For dataileddescribed by Brinkhurst (19<j0, 19<51). 
morphological studios additional specimens vere 
dissected and se r ia l sections vrere examined, Specimens 
kept in cultures in the laboratory were Generally 
examined a liv e , a fter  f i r s t  bein^ narcotised in connercial 
"soda water". The methods o f  preparation and examination 
o f  the parasites are dealt with in  tha appropriate chapter.
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\
M

THB TAX.) IIP HY OF 1,1 mmiJMS, CJjAVAmm 186?.

a) Tin  cvi wit ali a op i.T m m iim

In  accordance with the views o f  Brinkhurst (1963) 
the g en ita lia  are accepted as providing the most 
sa tis fa cto ry  generic ''characters* Before proceeding to  
a d iscussion  o f  the taxonomy o f  himnodrilns. th erefore , 
a bried  descrip tion  o f  the g en ita lia  w ill  be given#

The arrangement o f  the g en ita lia  in Linno*rilns 
I s  shown in  semi-diagramatic form in figure 1» hfith the 
exception o f  the sperm sacs and egg sac a ll  organs are 
paired* The testes  l i e  in segment X, attached to  the 
lntarsagpiental septum 9/10, The spomathecaa are a lso  
situated in segment X. lach spermathaoa is  d iv is ib le  
in to  a th in-w alled sa c-lik e  portion  and a th ick  walled 
duct which opens in to  a spermathseol pore situated close 
to the mid lin o  on the ventral surface o f  the segment.
A fter copulation spamatophores are present in  them (F ig ,2 .)

The sperm funnels l i e  in  segiant X, but the vas 
deferens passes through the intersegmental septum 10/L I 
c lose  to them and l i e s  in  segment XI. The vas deferens 
i s  both elongate and convoluted and passes term inally, 
not la t e r a lly  as in Tubifex. in to  a small elongate 
kidney-shaped atrium. There is  a large so lid  prostate



S<3tral«4 iaGranm tie view o f the geixfctalla o f 1»« hoffm eieteri

t&mn.<SL
Roman numerals indicate segments*

A * atrium •
ATS »  anterior testis sac
SJ «  ejaculatory duct

0 ** ovary
CO “  oviduct 
OS m ovisac
P » peals ond chit incus peals sheath.
PS * prostate
PT3 • posterior testis eao
8 ■» Bperma theca
8? ** spormthecal pore
® f «* sperm funnel
T m testis
VB »  vaa deferens
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¿land opa nine cant r a l ly  "by a sta lk  into the atriurú 
The gland m y  be o lo so ly  applied to  tha atrium 2).
A lo n e  e ja cu la tory  duct loada from tha atrium to  tha 
m ore-or-loss elongate panic. Tha penis i s  surrounded 
by a th ick  ch itinous sheath^ with a ch a ra cter is tic  
torminal portion , which i s  a continuation o f  the c u t id o .  
Tho penis and sheath l i e  within a pockot formed by an 
invagination o f  tha body w il l  ( f i e 3* 2 and 35*  The 
Invaginations opon as pairad malo pores on the ventral 
surface o f  segment 11. The penis, i t s  sheath and body- 
wall sac, which i s  c lo s e ly  applied to  tha sheath except 
near tha malo poros ( f i g .  3 ), are in  turn surrounded by 
layers o f  muscles arranged in a sp ira l fashion* These 
attach to 'th e  body 'w a ll musculature c lose  to tho male 
pores. Their contraction  serves to  evert the panic and 
shaath ( f i g s .  2 and 3 ). Tha spam funnels^ vas da faro ns 
and e ja cu la tory  ducts are c il ia te d . Tn opadas with a 
short penis tuba tha male e ffe ren t ductsj with tho 
exception  o f  tha spam funnels, l i e  com pletely in 
segment XI, but in  species with a vary long penis shaathj 
aa h .cerv ix  end h»dañara da anno, t h i s . structure may 
o lth ar push back the intarsagmantal septum 11/12 
and somatimes a lso 12/13, o r  break through them ( f ig .  2). 
In th is  case tho male ducts coma to occupy several 
segments. I t  must be emphasised that th is  i s  a secondary 
condition*



f i l t r e  fe

Longitudinal section through genital ©egrsents ot L. cervix 

legend

AS -  stalk of prostate entering atrium
bill -  body wall Imagination aœrounSinc *«*• *hMth

IT * intestine
Hi * spiral muscles surrounding penial apparatus 

SJ » spcrrsîtophore

Other ahhrenriatioas ai figure 1#





longitudinal section through segment Xl of L» hofffoelsterl«

legend

Tam »  boar m il musculature
bWS »  bod? m il eao closely applied ?ea*8 ^

te eealsl musculature
VA * mad© band Joining body m i l 5?IU3C 

?5P «* malo pore

Other abbreviations es ngures 1 «nd 2*



i

MP
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The ovaries, attach«* to  the interoognontal 
septum 10/ l l ft in segment XI and are o ften  c lo s e ly
applied to tho van deferens. 'The oviducts are vary 
short and pass through septum 11/12 to  open von tra lly  
and a n teriorly  on■ s e c a n t  XXI.

At maturity tho a n torior  sperm sac la formed from.the 
interaa^iontal saptuia 9/10 and does not often  extend further 
forwards than segment IX ( f ig s .  1 and 2 ). The p oster io r  
sperm sacs ura fom ad from the septum 10/3.1 and enter 
tho egg aaoa on soptura 11/12. Tha,posterior egg and spam  
sac 3 p ro ject back through 'severa l s a orient c , usually 
3 hut occa s ion a lly  as many as 6. At maturity a 
c l i t e l lu n  is  fom ad on segments X-XIV* The ovaries 
ftay disappear at maturity, maturation o f  the «err3 taking 
place in the egg sac. No copulatory bursa is  formed.

A ll specimens so fa r  examined have had the male 
pores on segment XI, hut there remains the th eoretica l 
p o s s ib il ity  that i f  regeneration has occurred in  some o f  
the anterior segments^ as is  known to occur in  Anlodrllua 
Rnd Bothrloneurum fHrabs. 1934» 1937)» the male pores 
could apparently cone to l i e  on a more a n terior  segment. 
Although ty p ic a lly  only one p a ir  o f  testes  and a single 
pa ir o f  male ducts are present, Clapareda (18H2) records 
specimens with three te s te s , while the author has 
occa s ion a lly  observed specimens' with throe a tr ia  and 
corresponding.genital ducts. These duplications are
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I^robably caused by developmental abnormal i t  la s  and 
have no taxonomll significance#

Aa the genera o f  Tubifieidae are now characterised 
on tho nature o f  th e ir  male ducts no attempt i s  made to  
describe the vascular system# A f u l l  descrip tion  o f  
th is  and o f  the nervous and excretory  systems may be 
found in Vejdovsky (1884), Nonura (19X3) and Marcus (1942).
A descrip tion  and key to  a l l  the genera o f Tubificidae 
may be found in  Brinkhurst (19^3)• 
b) G-mma OKA 9 A

She o r ig in a l descrip tion  o f  TAmandrilus by 
Claparede (1862) i s  incomplete, and lacks m ny important 
d eta ils  o f  the g en ita lia . In view o f  the in a c c e s s ib ility  
o f  th is  descrip tion  to  many modern authors ahd I t s  obvious 
importance in  th is  study, the generic diagnosis as i t  
appeared in Glaparade *s paper (opp# o it# ) i s  here given 
in  i t s  o r ig in a l form in  f u l l : «  “Diagnose# O ligochastes 
prasentant tous lea  caracteres des Tuhifex> noins lea  aoie3 
ca p illa lre 3 , ot possadant an outre des vaissonux oircu lant 
antra la s  daux couches museulalres da la  paroi du corps"«
Ihe characters that o r ig in a lly  served to distinguish
Lin no drilu s were thus the absence o f  h a ir  chaatae and the
presence o f  a vascular complex in  the body wall* In the
generic diagnosis thore is  no mention o f  the presence
o f  an elongate penis sheath as has been suggested by
some la t e r  authors, including Prinkhurst (1963). Clapnrade,

ih  common with most o f  h ie contemporaries, fa i le d  to
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appreciate the true nature and re la tion sh ips o f  the 
gen ita l ducts, and considered the penis sheath to la  
o f  value ns a s p e c if ic  character only. A th ird  species 
° f  Limnodrilns was described by Hatsel (1668) and 
characterised on the shape o f  the penis sheath, hut no 
a ltera tion  va3 made to  the generic diagnosis.

She genus was re-defined  by 31son in  1883« he 
recognised that the atrium v,«s longer and norrover than 
in  e ith er  Tublfex or  n .vodrilue and that a prominent 
feature o f  the copul at ory organs w a  th e ir  elongation 
and narrowness. He, s t i l l  held, h o '-ev er ,th a t ,th e  
prin cip le  generic ch a ra cter is tic  was the absence o f  
h a ir  chaetae. In  the fo llow in g  year the gen ita l organs 
were co rre c tly  described fo r  the f i r s t  time by Va^dovsky 
(1884)* He considered the male ducts to  be important 
s p e c if ic  ch a ra cter is tics , but continued to define the 
genus on the nature o f  the chaetae.

A f u l l  appreciation  o f  the importance o f  the nature 
o f  the gen ita l duct3 in  the diagnosis o f  the tu b if ie id  
genera was due to Miohaelsan (1900). He separated some 
o f  the genera on the nature o f  the male e ffe ren t ducts, 
in  p a rticu la r on the nature o f  the atrium and prostata 
gland, Ha considered both o f  these structures to be 
important generic ch a ra cter is tics . In h is diagnosis o f 
Limnodrilns ha referred  to the length  o f  the sperm 

ducts; th e ir  opening into the proximal part o f  the atrium; 

the presence o f  a single large prostate gland and the
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presence o f  a chitlnous penis sheath. Tha conus, 
however, vas s t i l l  separated from othars by tha absence 
o f  hair?- chaatae, and tha form o f  tha mala ducts in  
Limnodrilxm vas considered to  bo o f  secondary importance* 

Pointer (1911) described a new species o f  
tu b lf ic id  which did not possess h a ir  chaetaa and which 
d iffe red  from him.nodr 11 us in tha absence o f  a ch itinouo 
penis sheath* Ha erected  a new conus, Iaochaata , to  
contain th is  species, and thereby implied that the 
possession o f  a penis sheath was a ch a ra cter is tic  o f  
Limnodrllus. P lcuet and Protocher (1913) repeated 
M iohaalsen's (1900) d e fin it io n  o f  the conusj but 
Buccested that species without a chitlnoua penis sheath 
should be transferred  to  Isochaeta* This view \^3 not 
con era liy  accepted, and Miehnelsen (1926) re-dafined  
the conus and characterised i t  on the absence o f  hair 
chaatae. Ha included in  binnodrütts several species 
that did not possess a ehitinoue penis sheath and that 
had h itherto  been assicned to  Isocheata or  T.ycodrilus, 
Michael sen*s views continued to influence other authors, 
inoludinc Ude (1929) and Stephenson (1930)« ^hls la t t e r  
author in  h is  monograph on the olicooh aetes defined 
Llmnodrilua bv the fo llow in c charactersi-  Horsal and 
ventral bundles with doubla-pronced erotohats only; 

vas deferens lone; atrium with bulky so lid  prostate;



true panio u sually  with chitinoU3 penis sheath. He 
s p e c if ic a l ly  stated that the chaetae furnished the 
host ponerle ch a ra cter istic  and that the penis tube 
could not be used a3 a d iagnostic character in the 
generic d e fin it io n .

In  the fo llow in g  year Hrabe (1931) re-do scribed 
Tubifex blanohardi,  This species did not possess hair 
chaetae, but, re ly in g  on the fo m  o f  the male cen ita l 
ducts alone, he placed i t  in the correct ©anus. His 
studies on Il.vodrilns published in  the sane year 
(Hrabe, 1931a), a lso showed the importance o f  the male 

ducts and the u n re lia b ility  o f  the chaetae as generic 
ch a ra cte r is tics . The im plications o f  th is  work, however 
in  re la tion  to  himnodrilus ware generally  slow to  be 
appreciated. Although Chon (1940) diagnosed the, nanus 
on the fo m  o f the male ducts, and in  p a rticu la r on 
the presence o f  a ch itinous penis tube, Marcus (1942) 
and Cekanovskaya (1962) ware s t i l l  diagnosing the genus 
on the absence o f  h a ir  chaetaej although both authors did 
include a descrip tion  o f  the g en ita lia . I t  remained 
fo r  Brinkhurst (1962) to  apply the resu lts  o f  HrabS's 
(1931) work to  I.lnnodrilus. He removed two species 
from th is  genus and transferred them to TubIfex on the 
basis o f the nature o f  th e ir  male gen ita l ducts, despite 
the fa c t  that both species do not possess hair chaetae.



A year la te r  Brinkhurst (1963) re-defined  a l l  the 
genera o f  Tubificidaa on the nature o f  th e ir  mala 
gen ita l duct3 and shoved that although chaetae were 
o ften  valuable s p e c if ic  characters, they could not be 
used to  d istinguish  genera* 1

In  accordance with these views o f  Brinkhurst 
(19^2, 1963), with'which the author i s  in complete 
ogre orient, the genua Tjlmnodrilna nay be re-do fined as 
follows* -

Tubificidaa having the characters o f  the family.
'Phe paired male ducts are d is t in c t , each comprising a 
lon g  convoluted vas deferens opening term inally into 
an elongate, narrow, kidney-shaped atrium, ^ho atrium 
receives a large so lid  prostate gland, opening cen tra lly  
to i t  by a stalk* A lon g  e jacu la tory  duct laad3 from 
the atrium to  the m ore-or-lass elongated penis. The 
penis i s  enclosed in a thleky w ell developed ch itinous 
sheath, the length  and shape o f  which varies s p e c if ic a l ly ,
o ) SPT3CIPIQ CHABAC^nn

Thors has ex isted  in the past considerable 
confusion over the s p e c if ic  lim its  within the genus.
^hls has arisen  as the resu lt  o f  Several fa ctors . The 
o rig in a l descrip tion s o f  many species have been 
Inadequate' while in  sons cases the rela tion sh ips o f  the 
gen ita l organs have been im perfectly  understood. The 
cosmopolitan nature o f  some species has led  to  th e ir

2.8
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being described ns d iffe ren t gracias iw d i f f e r  •
parts o f  th a ir  range. Perhaps most important o f  a l l ,  
however, has boan tha fa ilu re  o f  th e ‘ groat m ajority o f  
workers to  give any account o f  the varia tion  o f  
characters that they have used to delim it th a ir  *p 
Species vara frequently  described on tha basis  o f  
study o f  one o r  a few specimens, and then r ig id ly
defined in tom s o f  a few ch a ra cter istics .

The characters that have bean used by the e a r lie r  
w riters, including Claparède (1862), Hatsel ( l 8d8) ,
Vejdovsky (1084) and Michaalson ( 1900) ,  to  separate 
the species w ithin the genus were the length*breadth 
ra tio  o f  the ch itinous penis sheath and the shape o f  
the chaataa. The usa o f  tha length*breadth ra tio  
without any account being given o f  i t s  natural 
variation  led  to  several species being described which 
d iffe re d  from each other only with respect to  s lig h t 
d ifferen ces  in  th is  r a t io . *he p rin cip le  ob jection s 
to  the use o f  th is  ra tio  were stated by Brinkhurst ( I 960) .  
He considered tha length  o f  the penis tuba to  be 
unsatisfactory  because i t  developed slow ly, because i  
was a growing organ and because the length o f  the tube 
in  mature specimens o f  d iffe ren t species overlapped 

considerably. Evidanoe w il l  be presented la te r  to  show 
that the penis tuba in  fa ct  develops rapidly^ and that
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the l e ncthtbreadth ra tio  o f  the panin tu la at maturity 
can próvido a usefu l secondary ape c i f i o  character. . A 
study o f  tho variation  in th is  r a t io j h o o v e r ; has 
revealed that an overlap nay, e x is t  Toetiteen soné species, 
and that th is  ra tio  alone cannot serve to  characterise ; 
the sp ecies . Tho form o f,th e  X’sn i8 sheath, and 
particu lar the shape o f  the terminal portion , has 
proved to  ha a su itable  a lternative character.

The use o f  the shape o f  the chaetae as a s p a c if i  
character has a lso  le d  to  confusion, as the natural 
variation  in  shape has Generally been ignored* 
considered here that the chaetae In general exh ib it
a Greater d e cre e 'o f 'v a r ia b ility , within each species

than i s  consisten t with th e ir  use a3 s p e c if ic  characters. 
There are one o r  two exceptions to  th is , but in  nost 
species tho chaetae have bean found to  be more useful 
as additional characters. This contrasto with the view 
o f  Brinkhurst (i960 ) who considered that the shape o f  
the chaetae could provide a usefu l s p e c if ic  character.
A ll species o f  Blnnodrllus so fa r  described have only 
b i f id  crotchets in  both dorsal and ventral bundles.
Hair chaetae, pectinate chaetae and sp ecia lised  
chaetae are absent, and such in te rs p e c if io  d ifferen ces 
os do e x is t  are d iffe ren ces  in  the re la tiv e  proportions 
and s ises  o f  the two teeth .
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ct) HISTORY 0? TH1 Q3TTTT3
The conus Limned r ilu s  was o T i& m lly  erec-ed  

byd ap a rid o - (1062) to  contain  two spacies that differ®

front tho known’ sp a d es  o f  T»b lfe £  in  nuance _
h air chaetaa. Clnparade, however, fa ile d  to  undaratan 
the true nature o f  the Genital ducts and th e ir  re la tion sh ip s, 
and h is descrip tion  lacked many important d e ta ils . A 
th ird  species o f  T.tnrodrilns vns described by Ratsel
but the genus was not re-described  o r  the diagnosis
amended ns a re su lt . Bisen (1883) redoGnioad th e tru e  
nature o f  the male ducts, but not the female one , 

established a new Genus, flatphtodrilugLt whioh di 
from Limnodrilus in that the male £ an ita lia  ware 
surrounded by sp ira l muscles. The major advance . 
Understanding o f th e>genus came from Vejdovsky (lO 4 ), 
who described the gen ita l ducts and th e ir  rela tionsh ip  
co r re c t ly  fo r  the f i r s t  time. On fin d in g  sp ira l 
muscles surrounding the penis sheath o f  Tr.hp-.fmai’ , 
he concluded that Canntodrilus Bioen had no v a lid ity  
and vaa in  fa c t  a synonym o f Jd.mnodrllus.

Vejdovsky* s conclusions were accepted by 
Beddard (1895) in  h is  monograph on the tu b lf ic id s ,
but in  addition ha considered OijLtellio Savigny, 1^20,
to  be synonymous with Liramdrilns. This conclusion  was 
la rg e ly  based on the absence o f  hair chaatoe in  both
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Conora. In the taxonomic rev is ion  o f  the Tubificidne 
by Michaelean (1900) ,  C l l t e l l lo  re-estab lish ed  as 
a va lid  conus'; and wau separated from IlfUM drllue on 
the-nature - o f  the male ducts. In 1904, m tlevsa n , 
synonomisad Linnodrilus v lth  V 0̂W
was not acceptad.

In  1901, Michaalsan d a scr ib ed a  spocies o f  
Llmnoftrllun v,ith U t ld  crotch ets 1.V* uithout a ponle «heath i 
In  190 5 ha transferred  th is  species to  l^codrf^us,
Grube, 1873. Tubifax ( j .imnodrilus) navnansia, a 
species described by him e a r l ie r  (Michaelsen, 1903), WQS 

considered to  be a ‘ link* between llnnodrllua  Bna L /coar1^  ' 
Ob i t  possessed n minute penis Bhoath. Jo in ter (191 
described another species without a penis sheath and 
without h a ir  chactaei and ha created a now cenus,
Ioochaetnl to  contain i t .  The removal o f  species from 
Limnodrilua on the grounds o f  the absence o f  a ch itin oi s 
penis sheath net with l i t t l e  acceptance, and in  1926 

Michaelsen re-defin ed  Linnodrilug. and removed the 
c r ite r io n  o f  the penis sheath. He accordingly confide 
that T.ycodrllua and I  so cheat a must be regarded ns 
synonyms o f  Linnodrilug. The genus thus returned to  
i t s  o r ic in a l state  -  being defined on the nature o f  the 
chaetae, and the c o i t a l  ducts beinc o f  secondary 
importance. Stephenson ( 1930) follow ed Michaelsen s



2.13

views, and included in hinnodrllua a l l  the speciea 
previously  assigned to  L.vcodri3 us and I so chset ay He 
arranged o i l  the species in the genus into a ser ies  
shoving the progressive reduction o f  the penis sheath.

The work o f  Krabo (1931. 1931a) on Tnhlfax .Jilsnchcrdl 
and on the ranus IlyodrlUna shoved tho importance of 
the male ducts as generic characters* The importance 
o f  th is  work, however, uao not rea lised  u n til comparatively 
recen tly , Svetlov ( in  Cakanovskaya, 19^2) re-erected  
Lycodrilus and ra ised  It  to  fam ily rank. Cekanovskaya 
h erse lf s t i l l  retained within the genus himnodrilns 
some species that did not possess a ch itlnous penis tuba, 
hrinldiurst (1962) was able to  tran sfer eons “.o f  the species 
o f  limnodrilua to  Tnbifex. on tha nature o f  th e ir  gen ita l 
ducts. Finally* Brinkhurst (1963)"re -d o fined  a l l  the 
tu h ifio id  genera on the nature o f  the male e fferen t 
ducts, end re—established Isochnata ns a genus. Thus* 
the genus Llmnodrllns was at la s t  elsarly  defined on 
the nature o f  i t s  gen ita l ducts and could nov lie separated
from the genera that had at various times been synonomlsed 
with i t .
Q) LIST op spuntB TO OTH»* m m iA

In accordance with the r e -d e fin it io n  o f  the genera 
o f  tu b if lc id s  by Prinkhurst (1963)* as outlined in  the 
above section , and the diagnosis o f  I.lnnodrilus as i t



appears on page 2. 0  ̂ several species h ith erto  assigned 
to  Linnodrllus have been transferred to  other gonera.

Those are tabulated belowl 
S-necles .

L.hetorochaetus (Michaelsen)
L*chacoensia ( Stephenson) 
L.newaaneis Michoeloen 
L.pseudogaster Dahl 
L* s l o l l l  Marcus 
L.kleareltopari Marcus 
Libailtalensis Mlchaolsen 
L.arenarius Michaalsen 
I.m lchaalseni Lastockln 
L .la o tock in i Jaroschenko 
L.dybovakil Grube 
L*nchizochaetua Michaelsen 
lugrubei Michael sen 
L, parvus Kichaaleen 
I*# phreodr H old es Michael sen 
^he remaining species that hm 
w ill  be dealt with in  a la t e r

New mnuB 
P eloscolex  
Tubifex 
Tubifex 
Tubifex 
Tubifex 
Tubifex 
Iso Charta 
Isochaata 
Icochaeta 
Poannoryotes 
Lyeodrilus 
Lycodrilus 
Lyoodrilus 
ly co d r ilu s  

■ Lycodrilus
a been assigned to  Lirinodrilus

section*

£ ) INSCRIPTION Aim DISCUSSION OP SFSQIfld
The taxonomy o f  the genus llm n od rills  has recen tly

!>®en discussed by Brinkhuret (19<>3) in the course o f  h is



rev is ion  o f  the T u b lflcidao, In  »  viork o f  th is
scope^ however, much d e ta il had to  be omitted a
many dota ila  in  h is  rev is ion  are in need o f  am plification .
Furthermore, as h is  review vas w ritten while tno
studies outlined below ware in  progress, publication
delays made i t  possib le  to  include the resu lts
present work in condensed form* xhosa re su lts ,
the evidence from vhlch thoy vers derived, appear l n
more deta iled  fo m  in  tho fo llow in g  account*

Before proceeding to  a consideration  o f  the species 
currently recognised as belonging to  himnodrlljin, 
i s  convenient f i r s t  to  mention b r ie f ly  those specie 
described by SiBen and Friend respective ly» *isen 
(1879, 1803) described nine species that are c le a r ly  
referab le  to  Llmnodrllus from the structure o f  th e ir  
male g en ita l ducts* I3isen fa i le d  to  rea lise  the true 
rela tion sh ips o f  the parts o f  the g en ita lia , and the 
il lu s tra t io n s  and descrip tions are consequently d i f f i c u l t  
o f  in terp reta tion . Several authors, including 
Michaalsen ( 1900) ,  Cam oavltov (1939) Rnd Chan (1940) 
have attempted to  re la te  these specie® to  other w e ll-  
established  specie® in  the genus,, but no agreement has 
been reached by them* Only I».a lnastria  has subsequently
been recorded. Hiohaelsen (1914) claimed to  haw  
found i t  in  West A frica . From h ie descrip tion  i t  
would appear that he found Î». udakenisnua. Cernosvitov 

(1936) a lso  claimed to  have found L .a lp e s tr ia , but



only one o f hit? specimens vna mature# He exprassa 
doubt as to I t s  id en tity ; and with reluctance
assigned h is specimens to  th is  3pacies. Both 
must be regarded ns dubious# Further epeculnti 
to  th e ir  id en tity  is  at present pointless# Brlnkhurst 

recen tly  v is ite d  the type l o c a l i t i e s  and i t  i s  t 
hoped that h is  co lle c t io n s  w ill  help to  c^.ear ip 

identity* \
There remain the species described by jrien d  to 

be con sid era*  A. detailed  study o f  these :vos nude by 
Cernosvitov (1941); and h is  views are follow ed here.

A summary o f them is  given below. t
^+o+h« Prohabl« Identity,Priend *n s■nodes ■ Bote otatug. ; ...

1090 Synonym . ,. L.udekemianu«
1911 Synonym l.h od d n eista r i

1912 Synonym L .h offn eis t o r i

1# vordsworthinnus 
L#aurantincus 
1#cu loritua  
L. Irne quali a 
L.nervosua

1912 Incerine generis
1912 Species dubium ImmatureT,divinr>dri,,,,,t*

' -j ì

Ij.imjiiUoBUa 19X2 Incarta« canaria
Irtrlaatoaua .1 9 1 2  Incarta» canaria.
T j.h o ffn c lctcr i v . ta n a n a i««  '« a  raearrtaA "y, hlm ns baine 
a lthar a eynonyn ot I.uflakaifllanua or. a npaeiisan 
I ,.h o ff»a ls ta r l that hai not yat attnlnofl i u l l  m tu r ity .
A atudy o f  tha typa apaelman In d en ta « that tha la t ta r  

ia  more l ìk e ly .



I t  i s  now convenient to  consider tha species 
currently re c c ^ is e  d as hal onHLn/r to  llm nodrilug.
In  each case a l i s t  o f  synononies w il l  he given f ir s t »  
foliow ed hy a descrip tion  o f  the species and an account 
o f  the varia tion  o f  the s p e c if ic  ch a ra cter is tics . A 
discussion o f  the synonoinias w i l l  he deferred to  a 
la t e r  section  when an account o f  the variation s v d ll  
he p a rticu la r ly  relevant*

■■ liw nodrllua h o ffh e ls te r i 01apare.de* 1862*

lL»h.o ffme 1st a r i  Claparlde, 1862, p.100, f* 75-85* 
ti* c l  nmra do anus i Vejdovsky, '1884» p* 1*56* .
!>• dune8i  Hyh3caf 1089, p, 382-388, pi* 5̂  f* 1 -7 .
?Lgjrotoi HataiJ 1899 ( in  part) p*5» f . 3*
Lgluoasl ■ lenlian» 1903» p, 216-217» p i. 25* f .  18 - 22.
Xl*-V3>,1 dovakyanum Benhen* 19^3» p .213-215, p i . 25, f .10-17
Lgsuhaalsua Moore, 1905, P.392-394, p i . 33, f .1 9 -2 2 .
,■ .. . . . . . . . ;... . , ( in  part)

luLUurostrintna Southern, 1909, p. 13*5-137, f* 3*
L.parvus South«mf 1909, p.137-138, f.5 *  
hgaurantiacns Friend, 1911* P*44.
Ig/^alerltns Fria.wdt 1912, p*l04, f .lh *
Ij* socia l la  Stephenson, 1912, p* 294* f* 9 -l6 . 
liti!Qtol I-Tonura, 1913* p .3-34, f.1 -27*
Pgpaclficus Chan, 1940, p * ll8 , f*33.
iL.hoffm eistari f . divarm na Marcus, .1942, _p,169-174, .
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B oscriptions
2 0 - 3 5  mm* 55 -  95 or  more segments, •. A nterior 

dorsal'-bundles with 3 -  10 crotchet's, with »' mean o f  . .
5*4 fo r  immature and 6,9 f o r  nature specimens, Simple 
b i f id  crotchets only present, with the upper tooth  
ty p ica lly  a l i t t l e  longer and thinner than the low er, 
hut somettees considerably shorter. In nature 
specimens'.penis tube averaging 9*5 times as long  as 
broad, but with a range o f  from 1 -  14 t in es . Tha 
penis tube nay be s t r a i^ t  .o r  curved, and the w all i s  o f  
ev-an thickness along i t s  len gth ., The d is ta l and i s  
expanded to form a hood with a .la tera lly  situated 
ou tle t and o f  apparently variable form but referab le  
to  a single pattern, ( f i g s . ; 6 and 11)* . .... .
Biscuesinn*

Thus stated^ with the varia tion  in  th e .s p e c if ic  
ch a ra cter is tics  taken into account^ the d e fin it io n  o f  
th is  species i s  unambiguous. ; In  accordance with custom 
the length and number o f  segments are included in the 
d e fin it io n , *but not too much attention  should be paid 
to  them. As both characters vary with the age and 
condition  o f  the specimen they are o f  l i t t l e  value in

, rthe sep aration ,o f sp ecies . Because i t  i s  customary, 
the number o f  eh.netae per bundle is  also quoted here.
I t  i s  frequently  quoted as part o f  the s p e c if le  diagnosis



tu t i t  i s  evident from tab le  la  that i t  i s  o f  l i t t l e  
importance* The moan »water o f  cheats© par bundle 
in  the anterior dorsal bundles* which w il l  subsequently 
to  re ferred  to  as the chaotal numbert varies v ith  tha 
state o f  maturity o f  the specimen* although i t  i® 
nover le s s  than throe or more than ton. i’ho addition  
o f  chaetoa v ith  o fío 'is  discussed more fu l ly  in  chapter 4. 
Shore is  a narrower ran^o of variation  o f  the cheatnl 
number in  nature specimens, tut a comparison vr-th other 
species, (ta b le  6 ), shows that the cbaatal number 
fo r  mature ape cinc na and the standard deviations ©re 
vary similar*

The shape o f  tha cheatoe is  also very variab le ,
r(fie . 4c ,a). Although pectinate chaotea do not occur, 

occasional specimens vith three teeth  are encountered 
(fiC* 4c6). The uppep/tooth ia more commonly longer and 
thinner than the l o ^ n  one¿ but may be considerably 
Eiiortar ( f i e .  m } ^  " U  atacas of reduction »re Icnovn 
(fie . 4d>. Piiriáainoro, I f  tha chaotao o f 
(fifí*  4c and 4) ara -compared v ith  those of 1*clopircdeanus 
( t i c * 4b) «n>/h .c e r v ix  (fifí*  4a) o r  l*h elvetieu a  ( f i f>  4 f)  
it  vill.FQ seen that they may ba indistinguishable*
This i«  p a rticu la r ly  true o f  inmaturo specimens o f

' - : ; : , j,ir^iodrllns.: With the exception  o f  1. udah.emianuo
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variation  In the s p e c if ic  ch aracteristics, 
o f  L .hoffm eiatari

la )  • The variation  In the avara/re number o f  chnatae; por 
bundle in  the dorsal bundles o f  samanta 2 — T.

Average number o f  chaetae rar bundle n s 1

3 £ .. 5 . .6  7 0 3&
Immature
Specimens

10 250 530 375 110 30 10 0 5.37 -  1305

Mature ■ ■ . . . . . . .

i ; i 3  597Specimens 0 6 75 160 212 120 28 6 6.9
•>

1*0 ?Jiq variation  in the langtht breadth ra tio  o f  the 
pañis sheath.

bangthi breadth. ra tio  o f  tho ranis tubo

i
A ll
specimens 1

a 1 £ 1 £ 1 2  2 10 31 1£ 31 M

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

Breeding 
specimens 0 0 0 0 2 9 27 76 89 82 36 17 9 0

A ll specimens M m 9 .5 3 » 1 * 7 T » cv
 f

Breeding ** M ** 9 .7 s » i ; i 6 T « 347

be rand

H n naan S »  standard deviation  5? »  to ta l number o f
observations



M  pitre* li

I ’Til© v a ria tio n  in  the chaetal shape« o f the
B ritis h  »p e c i©9 o f

i ï.lttrtôdriltis«

!A* choetae o f T.« udekeeilanm
! B* She chaatae o f 1» claparedeanna 

: 0* ïho chaotse o f L» hoffmetsterl
i c h a o t a e  of  L,  hof final sto ri showing stages in  reduction of

^he uppor tooth 

i s * ÏÎ»  chaetae of L« cervix

ehaeta© o f L» helvetlcue
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these cannot 'bo id e n tifie d  to  species on chaetol 
ch a ra cter is tics . To data no suitable a lternative 
characters fo r  the id e n tifica t io n  o f  immature specimens 
have been discovered. From the foregoing account i t  
i s  evident that the chaetal number and shape are very 
variab le , and the chaatae must consequently b€p_regarded 
as being unsuitable diagnostic ch a ra cte r is tics , ( c . f .  
BrinkhurstJ i 960) .

The length:breadth ra tio  o f  the penis tube has 
Ion/; been used aa a s p e c if ic  character. The length 
o f  the penis sheath i s  taken from base to  tip," but the 
width is  only taken at the base. The varia tion  in  th is  
ra tio  based on the analysis o f  500 sriecimana i s  shown 
in  table lb .  I t  w i l l  be noticed  that the range i s  
fa ir ly  wide and the standard deviation  fa ir ly  high (as 
opposed to  J,«udakamlnnnsl table  2b). Further^ the 
ranee and standard deviation  are reduced whan only 
bra a dine specimens i . e .  those with spamntophoros, are 
considered. When the variation  in  th is  ra tio  fo r  
?*_«h o ff m eisteri i s  compared with the variation  in  other 
species (ta b les  1 -5 , table 6)^ two important fa c ts  
emerge. The mean length* breadth ra tios  aro- s ig n ifica n tly  
d ifferen t and serve to characterise each sp ecies , but 
when the f u l l  range o f  variation  is  considered there 
e x is ts  a considerable overlap between the d iffe ren t 
species. This overlap i s  reduced i f  only breading 

specimens are considered.
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An o b je ction  to  the use o f  the penis tube 
as a specific! character by Brinkhurst (19^0) vas that 
the tube developed slow ly, im ature wonis a l l  having 
short tubes regardless o f  the species, and th is  would 
lead  to  confusion* Prom the re la tiv e  paucity o f  
observations o f  ra t io s  below 6?1 compared to  those above 
th is  figure (ta b le  lb )  th is  would not appear to  be so*
The stages o f  growth"of a penis tuba are shown in  
fiei. 5, drawn to scale* I t  w i l l  be noticed  that the 
banal width only increases s lig h t ly  during growth, 
and that the change in  ra t io  i s  due to  the increase in  
length. This negates the p o s s ib i l i ty  that a high 
length?breadth ra t io  may be obtained from an immature 
specimen i f  both length  and breadth were in i t ia l l y  small* 
Tho observations on which tab le  l b  were based took 
place over a period o f  a year, whan a l l  specimens ware 
measured, so i f  the occurrence o f  small tubes was 
seaconal they could not have been overlooked. I t  must 
be concluded therefore that the penis tube develops 
rap id ly , and Brinkhurst*3 ob je ction , w hilst v a lid , i s  
o f  l i t t l e  importance in  p ra ctice . I t  i s  a lso relevant 
to note at th is  stage that in  specimens which survive 
th e ir  f i r s t  breeding period and go on to  breed again 

in  subsequent years the penis tube is  developed anew, 
and the length?breadth ra tio  f a l l s  within the normal
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Stages ia the growth and development of the peal» tube 

L. hoffaelsterl» (Erevan to scale«)
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range o f  the sp ec ia l. Ihe pan Is tuba does not 
para lo t  throughout tha non-raproductive season and than 
increase in length during the subsequent breading season 
as considered p ossib le  at one tine (Brinkhurat, 
p e r s .c o m ,)  I t  i s  apparent therefore that w hilst the 
lengths breadth ra tio  o f  the penis tube may prove a usefu l 
additional aid in  the id e n t if ica t io n  o f  sp ecies , the 
overlap that e x is ts  between species renders i t  
unsuitable as a d iagnostic s p e c if ic  character*

5he most su itable d iagnostic character has proved 
to  bo the Bhape o f  the head o f  the penis tube, despite 
the fa c t  that e a r lie r  authors, in  p a rticu la r  Corno3vltov 
(1939), Chen (1940) and Brinkhurst (I960) considered th is  
structure to  be very variab le , A study o f  th is  
variation  has been made and several o f  the »variations 
are shown in  f ig i  6, The author i s  o f  the opinion that 
these variation s aro only apparent and are a r t ifa c ts  
resu ltin g  p r in c ip a lly  from the fo llow in g »- the con d ition  
o f  the specimen; i t s  p os it ion  and the angle from which 
i t  is  viewed; the degree to  which i t  has been stained 
or  cleared and tha degree o f  pressure exerted upon i t  
when mounting i t .  I t  appears that a l l  the examples 
figured  may be derived by a combination o f  these fa c to rs  
from tha ty p ica l example shown in  f i g .  6a. Mery o f  
tha e a r l ie r  v/orlcars described these forma as separate
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Variations in the head of the penis tube o f 1« hoffraeleteri«

a end b *»*,* pair from the same specimen

0 and h **«♦, pair from the Bam© specimen

Jc end 1 ♦ pair from tho same specimen

o end p ««.*. pair from the earn© specimen

e and f  Mt(t sane specimen under different degree« of pressure#
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species, tut the absurdity o f  th is  i s  o b v io u s j ’hen i t

i s  considered that f ig s .  6a ftnd ^  an{  ̂ an * ^
a rr  pairs from the sane specimens, As tho ch it in  at 
t h e d is t a l  and o f  the tuts i s  thinner than at tho 
proximal and i t  is  nora lia b le  to  d is to rtion  unflor 
pressure^, Pig, 60 shows a head under s lig h t pressure, 
f in . 6f shove tho sane head a fte r  heavier prossura has 
teen applied to  i t ,  A comparison o f  tho ty p ica l shape, 
f in .  6a, with the shape o f  the head o f  other species 
i s  made in  f in . 1 1 . I t  v i l l  be coon that i t  i s  quite 
d is tin ct from that o f  other specie^  and does serve to 
characterise L ih o ffn e is te r l, I f  the penis tuba i s  
exposed on d issection  o r  naturally  everted ( f in s . 1  

and 3) ,  tha head to usually o f  the type figured  in f i n . 6a, 
Individual variation  must obviously bo taken into nocount 

but the author is  o f  the opinion that th is  i s  not as 
important as previous workers considered. Since tho 
head o f the penis tuba is  the f i r s t  ra tion  to be formed, 
( f i g ,  5) ,  th is  character may ba used fo r  id e n tif ica t io n  
fo r  a longer period than the length:breadth ra t io , ¿he 
use o f  any portion  o f  the g en ita lia  as a d iagnostic 
character has the serious disadvantage that immature 
specimens cannot be id e n t if ie d . In the apparent 
absence o f  any a lternative characters th is  is  at 

present unavoidable.



Having considered the varia tion  in the s p e c if ic  
ch a ra cter istics  i t  i s  now possib le  to  d iscu ss 'th e  
nynonyie o f T,*hnf fnalstar?,. The species tree defined 
by Claparede (1862) as having the characters o f  the 
genus and with a eopulatory'organ about s i r  tin es  as 
lon g  a3 broad* Although ho quotes a ra tio  of. 5 - ^ ! -*•» 
h is  figure shows one o f  43 by 4 u n its o r  10 : 1 , which 
i s  c lo s e r  to  the-average as recorded above*
Vo^dovnky (1084) repeated Clapareda’ s descrip tion  o f  
b*hoffineisterl but included a descrip tion  o f  b*clnparqdeanus 
in  which he gave the ra tio  as 0 — 10 i 1 and a figu re 
that showed a head o f  b .h of ft ia is te r l shapej not o f  
h«clam redeonus» There can be l i t t l e  doubt that he
confused the two species and that h is  b*hoffregister! and ,
b.clam radaanus were both in fa c t  h. hoffree i s t e r i , Several 
workers who follow ed Vcjdovskyi as Hichaalson (1900) 
snd Galloway (1911) a lso  described opecineno o f  
b>clanaredeanua that were undoubtedly more co rre c t ly  
attribu tab le  to  b .h o ffn o is te r i .

Llnnodrilnn dn-*aai was considered to be a valid  
species by Michaolnan (1900), but vna considered a 
synon;yn of L*hoffree I s te r l  by Chen (1940). It was la t e r  
referred  to no fom a du~esl by Gavrilov and Pas (1950), 
but a study o f  th e ir  spa cine ns by the author showed that 
tho so -ca lle d  d ifferen ces cone'w ithin  the range of
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variation  o f  L .h o ffn e is te r i a3 figured hare.
Limnodrilus goto i Hatai vras shown by Nomura (1913) 
consist o f  two sp ecies, one o f  which ha renamed 
but considered to  ba c lo s e ly  related  to nl is,
Stephenson* This la t t e r  speoias was considered to  ba 
a synonym o f  L .h o ffn e la ta ri by Michneloen (1935)* A fter 
a study o f  tha co-type th is  synonomy is  confirmed hare.
The discussion  o f  Hichaalsen in considering P tso c ia lis  
a synonym o f  B ,h offn a in tori i s  a lso va lid  for.forrta  
so c ia lla  ns described by Gavrilov and Pas (1950).

T.innodrllne Inc-»si and B*vojdovskypmM ora 
considered to  ba synonyms o f  l#hoffm ais ta r i  by Brinlchurot 
(1963), but no reasons are given* They were considered 
by Benham (1903) to  ba d is t in c t  species on tha lengths 
o f  tha penis sheaths and tha form o f  th e ir  ends# Both 
o f  these characters fo r  both species f a l l  within the 
range o f  v aria tion  fo r  L .hoffm aleterl as here
and Brinkhurst*s synonony i s  therefore accepted* 
Limnodrllug subsalaus was considered to  be synonomous 
with L .hoffm aieteri by CernoBvitov (1939)« I t  v/as 
considered to  be rela ted  to T -*paciflcu s by Chen (194-0), 
but to  d i f fe r  from th is  species in the absence o f  
sparmatophoras, . As spormatophorea are only present 
a fte r  copulation th is  d is t in c t io n  cannot be accepted* 
Marcus ( 1944) claimed to re co g n ise  T4. aubgnlmia as a
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d istin ct sp ecies . I t  was considered by Moore (1995) 
to  be sim ilar t.n T/Thr>f.fm9i s t e r i , ' M  om  o f  the 
princip le  d ifferen ces was'held to he i t s  occurrence 
in  brackish water. Blmnodri lns h offfre leterl 1s . ngg 
known to be able to l iv e  in  brackish water (Brinkhurst 
and Kennedy; 1962). ' W  f*. 0. Prlnkhurst was able to 
examine the type specimens and confirmed Cernosvitov s 
synonomyi but shoved that some specimens a lso  belonged to  
1 . clnnn.ro do amis. This synonomy i s  accepted here.

Brinkhurst (1963) without giving reasons also 
considered L .aurostriatus Southern to be a synonym o f  
L .hoffraeieteri. Barg (1939) recorded L .nn rostriatue 
from Denmark; and i t  proved possib le  to  examine both 
h is  specimens and the type opeciman* For a f u l l  
d iscussion  o f  th is  synonomy see Kennedy (1964). I*  io  
su ffic ie n t  to  indicate here that the length o f  the 
penis tube and the shape’ o f  i t s  d is ta l end f a l l s  within 
the range o f  h .h o .ffn e iste r i. Blmnodrllus parvus, also 
described by Southern (1909) has proved a more d i f f i c u l t  
problem, Lastockin (1927) accepted the v a lid ity  o f  
th is  specios and described a v.biannulotug and a 
y.okaensla. Cernosvitov (1939) considered i t  to  be a 
synonym o f  L .ho^fm aistaril but la t e r  (1945) changed h is  
mind and considered i t  a va lid  species. He suggested 
(a ft e r  Hraba) that i t  might possib ly  be a stage in  
the l i f e  h istory  o f L .h o ffm elster i.- Ilrabe (1954,195^)
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continued to  regard i t  ao a va lid  species. Marcus (1942) 
end Cekanovskaya (1962) have reduced i t  to the rank 
o f  t o ,  Brinkhurat (1963) reduced i t  to conplate 
eynonomy with hThof.fine 1sta ri hut Gavrilov and Vaz (1950) 
regarded i t  «3 a va lid  sp ecies . I t  has a^ain proved 
pocsitlfl to,examine- the t type specimens, and in addition 
to  examine lo th  Ceraosvitov*s and G avrilov’ s n o ta r ia l.
A f u l l  discussion  o f  these specimens is  civen  in  
Kennedy (1964). The length and form o f  the penis tube 
f a l l  v ith in  «b» ' *****" o f  T,.ho ffm elsteri^ while ehaetae 
o f  the type figured  by Southern (19°9) ore o ften  found 
in  conjunction t/lth  penis tubes o f  d iffe ren t shapes. 
Chaetae o f  th is  typo with a shorter, thinner upper 
tooth  do occur ( f i g .  4d4~6) and there i s  a complete 
series  in the reduction o f  the upper teeth  to form th is  
type ( f i g ,  4d)-which grades im perceptibly in to  chaetae 
o f  the more common L .hoffm alatari type» ( f i c . 4 c ) .  I«ifQ 
cycle  studies have shown that th is  form does not occur 
at any p a rticu la r staca in the l i f e  cycle  o f  
nor i s  i t  associated with any p a rticu la r e co lo g ica l 
conditions although sim ilar forms have been produced 
in  specimens in a rou^h subotrntum under laboratory  
cond itions ( f i l l .  6d6). In  view o f  the v a r ia b il it y  
o f  1». hof f  me 1st e r i  chant no, the existence o f  a continuous 
series  and the in a b ility  to characterise the shape or  
length o f  the penis tube, T..r-nrvua must be considered a 
synonym o f  I».hoffm eisterl.
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LtnnodrQua m e lficu a  was discus sod and reduced 
to  synonomy with h.hof.fm aistarl by Brinkhurst (1963). 
X«lnnodri\ua ho*fmelBtert f* diverging d if fe r s  from 
B .hoffhalB terj only in  tha length o f  ,ths ponla aha at h 
and the shape o f  tha chaetae. ' Both appear to  fa H  within 
tha ratine o f  v aria tion  exh ib ited  by L*ho f  fne 1 a ta r i«
I t  is  accordingly considered that f » diverjgons i s  a
synonym o f  L* h o f fn o l s t a r i .

Iilrmodrllus ndekemtanus ClnporSde, .lfi_6?.
B*udekaminnug Claparede, 1 8 6 2 , p. 2 4 3 * f* 4 5 *
B ji^ t o lH a t a l ,  1 8 9 9 , ( i n p a r t ) ,  p*5 ,  f * 3 *

B.wordaworthinnna Friend, 1898* p.120*
B. v i l la  v l Homural 1Q131 T w 3 W U .f*  25-34.
B, inversus Gavrilov and Pas, 1949^ p*541*555, f .1 -5 .  
Binorir-tion: -

20 -  90 nn, Approximately 1®) sa '̂yaanto* Anterior 
dorsal bundles with 3 * 8  crotch ets (with a naan o f  $ . 4  

f o r  immature specimens) decreasing to 2 posteriorly*
Simple b i f id  crotchets only present with, in  the anterior 
bundles, the upper tooth  longer and stouter than the 
lower* In the p oster io r  bundles the teeth  are o f  equal 
length* In mature specimens penis tube averaging 3 * 7  

times as Ions as broad, with a ranpa o f  from 2 to 4 
times. The d is ta l end is  s lig h t ly  expanded to  fono a 
hood o f  r e la t iv e ly  simple form ( f i r s ,  7 and 11) ■ Tilth
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a ta m lm l o u tle t . Tha w all o f  the penis tuba 
thickens towards tha d is ta l and.
Discussions

Tha chaatal number is  given only fo r  innaturo 
specimens because in su ffic ie n t  observations ware nada 
on matura specimens. As tha chnatal number incraasoo 
with age i t  was considerad that an estimate o f  tha 
standard deviation  would be o f  l i t t l e  value. I t  w il l  
bo saan from tabla 2a that both tha mean'and raneo ora 
smaller than fo r  tha corresponding mean and rango o f  
immature 1 «h offn a ia ta ri. Tha naan is  quoted fo r
comparativa purposes in  table 6, and from th is  tabla 
i t  can be seen that tha chaatal number doe3 not d i f fe r  
s ig n ifica n t ly  from that o f  other sp ecies , and is  therefore 
unsuitable as a diagnostic s p e c i f ic  ch a ra cte r is tic .

Ahe shape o f  the dorsal anterior cheataa howovar 
i s  ch a ra cter is tic  o f  th is  sp ecies . The upper tooth  
i s  longer and stou ter than tha lo v e r  one ( f i g .  4a).
Whilst th is  d ifferen ce  i s  pronounced in  ty p ica l specimens, 
in  others tha upper tooth  may be reduced in  length  to  
varying degrees ( f i g .  4 a l-6 ) . In a l l  these cases tha 
"upper tooth remains stou ter than the lo^ er  ones even 
i f  tha upper tooth  has been reduced i t s  stoutness serves 
to  distinguish  th is  species from the other species o f  
Llmnodrilus ( f i g .  4 ) . This d ifferen ce  in the shape 
and re la tiv e  s ise s  o f  tha two teeth  is  la s 3 pronounced
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Tha variation  in tha s n e c if ie  ch a ra cter is tics  ,• ■■■> '■i'—mmmmmmm ■ ummummmmmmtm——— wwi i M«n ■ « ■<naiii»i*ii—ii'Biiw-P— '■" ■■***'■ ■ »»»■■■— - *
o f  L. udahani ama

2a). The variation  In tha nvara.^ number o f  ebnet qa_,.par 
bundle in the dorsal "hundíab o f  Basant.b *> -  7V

Average number o f  ch’»e t ac rar bundle II - ü  T,

, 1  1  .£ £  1  £ .SL-,2-H
Immaturo - .. *
speoinons 17 52 118 66 37 5 1 0 5.24 -  295

2b) Tha variation in tha • len/rths breadth ra tio o f  tha
" bonis sheath •

le  n/-*t h i breadth ra tio  M £  X

' g.  1  ' £  l  à  ,
A ll »specimens 40 170 8 l 10 0 3 .7  0,64 301
Breeding specimens 0 BO 20 0 0 3 .7  0*28 100

2 â œ â  ■■

M » mean S «  standard deviation  ‘ T ■ to ta l number o f
observations
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in  tho vantral bundles, and diminishes in  'both dorsal 
and ventral bundles nlong tho length of tho specimen.

Tha length* breadth. ra tio  o f  tha penis sheath is  
fa ir ly  constant (tab lo  2b). I t  can ba seen from th is  
tablo that tha range fo r  breading specimens is  la ss  
than that fo r  a l l  nature specimens but tha naan i s  ^ 
tha anno in  both cases. I t  can bo soon from tablo 6 
that tho moan ra tio  i s  s ig n ifica n t ly  d iffe ren t iron  
that o f  other sp ecies , and 13 c losest to  l .h o ly a ticiig»
1«uflakaminmn may bo separated from thi3 la t t e r  species 
by tha shapo o f  tho chaetao and tho form o f  the d is ta l 
end o f  tho ponio sheath. The range o f  v a r ia tion  o f  
the ra tio  ovorlaps vrlth most other spocieo.

The variations in tha shape o f  the hood o f  the 
penis sheath are shown in  fig*  7. I t  w il l  be seen that 
the hoad i s  always fa ir ly  simple in fo ra . Tho d ifferen ces 
arise p r in c ip a lly  from tho width o f  tho hood. An 
idea o f the individual hood variation  may bo gained 
from the fa c t  that f ig s .  ?o and f ,  and 7h and 1 are 
pa irs from tho s-sna specimens, Tho remarks made 
concerning the variation  o f  tlii3  organ in  L .hoffm elater! 
are a lso  relevant hero. The penis tube is  always short 
and narrows in  the middle region before expanding to 
form the hood ( f i g s .  7a and g ) , Tho wall a lso  
thickens c lo s e r  to the hood ( f ig s .  7a  ̂ b, d and f ) .
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Variations la the head of the penis tube of I » , q&ekeialgngg.«

® end s ***.4* pair f r «  the same epecinea 

h end 1 pair f r «  the ear» epeeisoa





This spec la a was defined by Claparode ( 1 C62) 
on I ts  length, i t s  co lou r and tha length*braadth ra tio  
o f  the copulatory organs. Ha quotad these as bains 
about three tin es as Ions as broad«- Tha d is tin ctiv e  
shape o f  tha chaeteo \jas f i r s t  appreciated by. Vejdovslcy 
(IB84) ,  Homura (1913) separated La^otoi Hatai in to  
two sp ecies , 1, goto l Nomura, consldarad hero under 
Ii«hoffm alatarll and Ij. v i l la  y l . The id en tity  o f  th is
la t t e r  species was discussed; by Chen (1940) who reduced 
i t  to  synonomy with h.udaksmianus. a view aooeptad hare 
lin n od riln s  vordsworthlanna 'w s ' considered to  be a 
synonym o f  1 ,udekeminnua by Southern (1909)» and th is  
was confirmed by Cernosvitov (1941)* Tdmnodrllus 
■inversus was consldarad by Brinkhurot (1963) to be a 
synonym o f  li.udakenianusi bub no reasons were given 
by him. The p rin cip le  d istinguish ing feature o f  
1 , Inversus was held by Gavrilov and Poz (1949)'t o  be 
the bi-annulata anterior segments, This feature is  
commonly observed In 1.«udakamlnnus. I t  has proved 
Possible to examine the type opacimans o f  X.Inversus 
which have bean found to be indistinguishable from 
specimens o f  XuUdakairiianus. Brinkhurat * a aynonony 
i s  therefore acceivted hare.



■ Limnodrilua olararadanrms Bat ga l, 1868

L, olarvarodaanus listse l, i860, p, 108* —
Tubifax rlvu lom n  Budge, 1850, p* 1*
1«lon^ua Brtasoher, 1901# p*204-205# pl*14, f.2 -3 *
L,oubsalsua l-Ioore. 1905 (In  p a r t ) , ,p . 392-394# pl*33#

f i g . 19-22. ■
Ti* r r a o ll ie  Ho ora, I 9O9, .
Llm.nodrilu s fo m  0 Nomura, 1913# P. 2.
L,notomural Nomura, 1929, p.131-137# p i . 11*
l .h o f  frag le t  e r l  Clap. 1 Brinkhurot, I960 (In  p a rt), p.401
Besprintinm -

30 -  60 nru 50 -  120 segments. Anterior dorsal 
bundles with 4 — 9 crotch ets , with a moan o f  6 ,8  in  
mature» specimens, Simple b if id  crotchets only present 
with the uppor tooth  a l i t t l e  longer an! thinner than 
the lower, but sometimes considerably longer. In 
mature specimens penis tube averaging 25.9 times as 
lon£ as broad, with a range o f  from 17 -  43 times.
The penis sheath is  straight ar.d thin walled along 
i t s  length. The d is ta l and is  expanded to  form a pear 
shaped hood, w ith the oplining situated in  the centra 
o f  the hood ( f ig s ,  8 and 11),
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T>ig cues ions
The chaotal number is  here quoted on ly  f o r  

mature specimens, as th is  species cannot be id e n tifie d  
whan immature. I t  can he scon from table  3a that 
the mean i s  in  the same ration  an that o f  I .h o ffm a la tgri 
and L*cervix  (ta b le  6 )t but that the standard deviation 
Is  lower, *:■■■ •"■ : ;

The variation  in the shape o f the ehaetae is  
shown in  fin *  4b* In specimens from Gngland the 
upper tooth  ia  s l ig h t ly  lohger and thinner than the 
lower one ( f i g ,  4b4f 5 and 6 ), but occasional specimens 
are encountered in which the upper tooth  i s  d is t in c t ly  
longer ( f i g ,  4b3), In  specimens from America and Germany 
the upper tooth  is  ty p ica lly  lon ger and nearly as stout 
as the lower one (fig *  4bl and 2)* Ihasa individuals 
may ea s ily  be confused with L,udakanlanns but in th is  
la t te r  species the upper tooth  is  always vary much 
stouter than the lower one. Since th is chaatol character 
i s  not constant i t  cannot be used to d istinguish  
!»• olanaredeanua unless the g en ita lia  are a lso  present.

The length*breadth ra tio  o f  the penis tube 
In th is  species is  very variable (tab le  3b)* I f  the 
range and the mean are compared with the values fo r  
other species (tab le  6 ) , i t  can be seen that the varia tion  
in  the ra tio  is  greater in th is  species than in  any 
species other than L, ccrv lx l and that the mean value 
serves to  d istinguish  i t  from a l l  other species



TABL3 3
Tha varintton 1n tha s^ a o lflc  charnetap latica

o f  L, clamradenm*g

3a) Tha varintlon  in tha avara,«•a numhar o f  ohnatna nar

hundía in tha dorsal hundías"of «amanta 2 - 1

A va rapo miniar o f  ohnntne r>er hundía
1  2  á  1 8 2  10 ii - L

Matura
apócima n a l  13 37 46 16 5 0 6.8 1 .02 118

3"b) Tha vnrlatíon  ln tha lawTthi hrandth rn tlo  o f  tha 
ponía shaath

A ll
si» cima ns 14 5 2 8 6 6 9 8 9 12 9 8 6

Braadlng
Bpeolnans 0 0 0 0 2 2 3 4 2 3 3 2 1

Batió j¡o ¿ 1  22. 21 ¿ i  2 1 3S. 4 1 3 2 39 40 a  12
A ll
specimons 6 7 7 9 1 2 7 1 4 0 1 4 2
Broadin^
opaelmana 2 3 3 5 1 0 2 0 2 0 0 2 1
A ll specimans II S 3 25.9 3 W 6, 52 Y » 158
Braadln'* apa cima na ! í CE 29.8 s « 4M» ' T * 43

I*8mnd
H a» maan S => Standard daviation T »  to ta l numhar of

' ohaarvationa



except I»» ce rv ix . In view o f the sca rc ity  o f  
n ota ria l tha value o f  tha Stanford deviation fo r  breedioft 
specimens only has not been calcu lated . L. ola Tirade anus 
and X»« cervix  nay ha distinguished by t.ha form o f  tha 
penis tuba and tha shape o f  i t s  hood«

The shape o f  tha head o f  the penis tuba in 
h«clnoaradannus is^ by contrast with tha length*breadth 
ra t io , not vary variab le . The variations are shown 
in  8. The penis sheath is  stra ight and o f  equal
diameter along i t s  en tire  length, and widens suddenly 
into a more or  le s s  pear shaped hood«i In fift* 0 i t  
i s  apparent that the specimens f i b r e d  nay a l l  be 
referred  to a basic pattern, sim ilar to f ie «  8a. The 
’ v a r ia tion s* are duo in  the main to the angle at which 
tha specimens ware observed, and to the e lse  and angle 
sat o f  the hood. The specimens figured in  8 f and 8ft 
balonft to  the same in d iv idu al, and ftiva soma idea o f  
the sliftht individual varia tion . The opaninft o f  the 
sheath is  situated in the centre o f  the hood ( f i f ts,  8a, 
b,af and l ) .

Since i t s  descrip tion  by Ratsal (1068) there has 
been considerable confusion over the id en tity  o f  th is  
opeeies. The ea rly  confusion was due mainly to an 
in correct id e n tifica t io n  o f  th is  species by Vejdovsky 
(1884). He figured two specimens, one o f  which was 
probably 1. c l  a nare da anti s but tha other was undoubtedly



Cariatioaa in, thè head of thè peate tube of 1», clspnr

P 6 ***** pair freni thè cane apecinea

■ed esatto »
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B.Hof fn o in te r !. In  the tex t ha described the
specimen o f  l .h o f^ n s is ta r i. Despite th is  mistake he 
co rre c tly  recognised ^nfrifax rivnlom m  a3 described 
by Budge (1850) ns a synonym o f  I>. clamradeanns,
Shis m is -id en tifica tion  by Vejdovsky caused many 
In ter  authors to  make the same mint aha, Dieffenbach
(1886), Michaelsen (1900) and Galloway (1911) n i l  
confused L, claparadeanus and L .h o ffn a ls te r i, Other 
authorities, ae Beddard (1895)* by reference to 
Ratzol*s o r ig in a l descrip tion  described i t  co rre c t ly , 
f in a l ly  Bratscher (1901) described a new species 
(L.longue) which was said to d i f f e r  from Veinparedaanus 
in the lengths breadth ra tio  o f  the penis sheath, 
ho used almost exactly  the sane words as Hatsel (1868) 
bo describe the shape o f  the hood o f  the penis sheath, 
deferred to Rat s a l ’ s o r ig in a l description  o f  T„ clenaredeam s 
yet follow ed Vejdovsky’ s in correct descrip tion  o f  th is  
species. By re -d escrib in g  1» cinders da anus with 
reference to the o r ig in a l descrip tion  Biguet (1913) 
cleared up the p os ition . He reduced L,longue to  
synonony with L. clsparedannus, and separated th is  
la t t e r  species from B .ho^frreisteri. fh o  species was 
then described co rre c t ly  in la t e r  works by Piquet 
and Bretschar (1913) and Bda (1929).



Reference to the typo specimens of T.-subsel sus, 

some of Which are undoubtedly T..«T.amrato«fflia» nfika “  
necessary to reCard this species as a synonym of 
l.clannradoanus (in  part). Par further discussion of 
this synonomy oaa under T>. hof fmalsteri. fhe foim
referral to by Nomura (1913) «s llmnodrllus 0 was later  
described by him (Nomura, 1929) as a new species under 
tha noma of T.-notormral. Ths penis sheath ratio and 
the shape of the head ub described by him leave no 
doubt that T.-motonural must be considered a synonym 

of L* claparedeanus» ...
Tha identity of t,. M araradennua had thus bean 

clarified, hut furthar confusion was to follow.
Erinkhurst (19^0) described two forma. Linnndr
with long penis sheaths* Ona of these ha describe 
as a variation of L.hoffnointer! as »eavaral specimens

with tha tuba as lon e  as that o f *
and referred  to i t s  thin  v a iled  penis shaath o f  uniform 
dinnatar and tha triangular hood* J-ha othar form ha 
distinguished from L *h offn olatori by tha th ick  v a il  o f  
tha penis sheath, tha abrupt narrowing o f  tha shaath 
hafora tha hood and by tha hood posaassinc »'forw ard and 
backward projection* Ha considered th is  form to  
be I>-olamradeanus. A fter an examination o f  Brinkhurst * 

specimens tha author was able to  distinguish  tha form
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doscribsd under t, J ic ffn a is te r i , to be referred , to

in  th is  discussion  as formal, * * *  on th9
basis o f  the penis tuba ra tio  and the shape o f  the hood.
The author considered that tpr£L& should have boon 
co rre ctly  attributed  to  L. c l f̂ aradaurns» as i t  confo

to  tha diagnosis on p. 2* 33* " orn !*3soy^ 0  ̂ y
Brinhhurst as t.. ^ » r a d e a n u * ...forrnJl» ^as ten ta tive ly
considered to  be a new species, as i t  did ro t conform 

the diagnosis o f  any ex istin g  species, ™  « f fo r t
to clear up the problem the author examined some 
specimens o f  T,.clararedeanug. co lle c ted  and id en tified  
by Piquet, and these proved to be Identica l to  f 22SL-S* 
fh is  confirmed the author’ s opinion that f o m j i  was 
correctly  assignable to X>. claneredeanua ■ < rid . that _ —

was a new species* .
Brinkhurat, ho-ovar, v a . u n v illin s  to  accept th is  

viaw, nod in order to  hoop tho t "0 fom a  d is tin c t  bu  ̂
avoid describ ing  a now spaoiaa aaaignad forra_a and Pit  ̂
specimens o f  l.olnoaradaanua to  1 , longues Brotso a « 
maintaining that Hat sal«a (1868) descrip tion  could hova 
Xittad a ithar fo m  a or b. Those vieus ware exprassad 
in  a Joint report on P ig u ot 's  c o lle c t io n  (Brinkhurst 
and Kannady, 1962a), and IJJongua was recorded aa a 
va lid  spaolaa in the check l i s t  o f  B ritish  oligoehaatas 

compiled by Brinkhurst (1962a).
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■ In  the meanwhile th is  author had been encased upon 
a study o f  the goographical <1 i  at ribution  o f  the species 
o f  Mmnodrilus. and was able to  show that f.0,m  •■£  v,a3 
absent from continental Europe and Asia. I t  occurred 
only in  North America and B ritain , and i t s  d istribu tion  
in  Britain strongly  suggested that i t  had been introduced 
there, (see chapter 3 fo r  f u l l  d iscussion ). I f  Prinkhnrst *s 
id e n tifica t io n  had been correct and fprn jb  was in  fact 
the sane e n tity  as Ji. clar>aredeanus. Hatsol (sensu 
Plgttot, 1913), th is  would have created a s itu ation  whereby 
th is sp ecies , although described from continental Europe, 
was absent from i t s  type lo c a l i t y  and the continent.
Paced with th is  geographical and morphological evidence 
Brinkhurst accepted the views o f  th is author.
Accordingly Brinkhurst (1963) described f o m j )  as a new 
species under the name o f  7<. co rv lr , and reduced 
h.clanaredeanu3 senau Brinkhurst ( i 960) >  synonony with 
i t .  In  the same work T<« ho f. fme late r i  Clap* ( in  
Brinkhurst, i960) in part, ^.lohgug, (in-Brinkhurst-and 
Kennedy, 1962a) and 1 .longue ( in  Brinkhurst, 1962) 
were regarded aa synonyms o f  B. c l appro da atiag. Hat sol*

In  order to  c la r i fy  the problem o f  the id en tity  
o f  l ; cerv ix  and B. ci an *ra da anus, the following table i s  
given below.
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Species
b .hoffm aisteri

Author Bata Correct id en tity

T i n  part-}------- Brlnkhurst I960 b, claTvpcedeanus
1, cla-nnredaanus Brinkhurst I960 b. cerv ix
lulonmis Brinkhurst & 

Kennedy 1962a b. cloperadaonus
b.longua Brinkhurst 1962a b.olc^Hradaanus
b»clarnrodaanus Brinkhurat 1962a 5 b ,ce rv ix

, LlA iodrllug cervix  Brlnkhnrst, 19*1 
b «cerv ix  Brlnkhurst, 1963» P« 2, f* 20. 
b . clnmredannusE Brlnkhn-rat, I960, P*40 2, f*4« 
b »c l  atm re da annst Brinkhurst and Fennedy, 1962, p.lBB.

Baaorlrtlom  ^

30 -  80 m . 60 -  120 segments. Anterior dorsal 
bundles with 4 - 9  crotch ets, with a m a n  o f  6.9 fo** 
datura specimens. Simple b if id  crotchets only prasant, 
with tha upper tooth a l i t t l e  longer and thinner than 
the lower. In nature specimens penis tuba averaging 
2 8 ,2 .tinas as lon^ as broad, with a range o f  from 7 - 1 4  
times. Tha panis shaath is  straight and th ick  walled 
along most o f  i t s  length, but narrows naar to tha d is ta l 
®nd. This and is  expanded to form a hood bearing forward 
and backward pro jactlon s ( f i g s ,  9 and 11 ), with the 
opening situated in  tha centra o f  tha hood.



2.41

TlinCUSsion.
' . Tha norm n m ^ r  o f  ehaatae par bundle is  civon

fo r  mature specimens only (tab le  4s) as th is  sp e d  
cannot ho id e n tifie d  in the immature stages. Tho 
chaotal number and standard deviation  are close  to  the 
values fo r  tha other species o f  J.lnnodrllus (tab le  6 ),

and do not charaotarisa th is  specie3«
Tha shape o f  tha chaataa is  not vary variable in

th is  species ( f i g .  4 a ). The upper tooth is  s lig h t ly  
longer and thinner than the lower, but never appears 
be as reduced as in  T>.hof fmd  atari. o r  as elongated as 
in I , cl an era da anus. The chaatoe o f  l>. cervix  are usually
indistinguishable from those o f T ..h o ffh d flterl and 

l^halvetlcusi.
■ The length*breadth ra tio  o f  the penis tube is  very 

variable (tab le  4b), and the standard deviation  exceeds 
that o f  a l l  other species (tab le  6 ). In the case o f  a l l  
mature specimens the length:breadth ra tio  overlaps that o f  
most other sp ecies , but i f  the ra tio  in breeding 
specimens only is  considered i t  overlaps only with 
1» c l  ar>a rede anus* The wide range o f  the ra tio  in
I .c e r v ix  is  attributed  to the fa c t  that observations ware 
made on several specimens in  which the penis tube was s t i l l  
developing. Observations on breeding specimens only 
would consequently be expected to narrow the range.



himnodrilns cerv ix  nay bo distinguished from a l l  
other apocias o f  bimnodrilns by the fo m  of  the penis 
sheath and the shape o f  the hood* ’ The penis sheath 
appears to  he composed o f  two layers o f  ch it in  fov most 
Of i t s ■length ( f i g s .  2 and 9)* There is  a th in  inner 
layer o f  the sane thickness as that o f  the wall o f  other 
species o f  Llwnodrilus and a th ick er outer layer about 
two to three tin es  as wide as the inner one which 
terminates c lo s e .to  the d is ta l end, producing the very 
ch a ra cter istic  narrowing o f  the sheath In th is  region»
The inner la y er  then expands s lig h tly  to  form the hood.
This consists o f  a f la t  p late bearing a forward and 
backward p ro jection , each p ro je ction  having an approximately 
triangular shape. The shape o f  the hood is  not very 
variable ( f i g .  9 ) .  I t  is  apparent that most o f  the 
variation  arises fron  the degree o f  pressure exerted on 
the specimen ( f i g s .  9 f  and g) are the same specimen 
under d iffe ren t pressures, o r  the angle from which i t  is  
viewed. The opening o f  the'''sheath''is'" situated In the 
centre o f  the hood.

A d iscussion  on the id en tity  o f  th is  species and 
i t s  oynononies has already-been /riven under I»,elnparedennns»
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The variation  in  the s o e c i f lc  ch a ra cter istics  

o f  Ii. cervix
4a) The variation  In the average n m ^ r  o f  ohsstaa y9T 
bundle In the boreal bundles o f  .samaants 2 -  ,?.

Average number o f  chaataa per bundle H

A -2 . £ 2 £  1 10

Mature
specimens 3 10 55 57 18  9 0 6.9  1 .06  146

4b) The variation  in the length* breadth ra tio  o f  the

nenlg sheath. -
M t io  2  1  12 12 13 M  23 1$ 3 1 1 2  ¿2. 2L 21
AH specInane 1  5 5 3 1  4 2 3 3 2 2 6 0 3

Breedingspecimens 0 0 0 0 0 0 0 0 0 0 0 1 0 0

S a i i i  s i 2 i 2 S 2 «  a .  ?5 a a 3 2 . &  i l e i t i s
i l l - .specimens 12 5 9 14 14 I 8 l 8 l 5  11 8 1 1  1 1  10
Breeding
l^oim ana 3 4  2 8 9 9 12 9 6 1  6 7 4

32112. ¿2  I I  ¿ 2  ¿2  A2.41 A? AJ AA AS M  £2 A«
A ll STsaeinena 6 9 2  

Breading
specimens ' 2 3 1
A ll specimens M «  28.2 
Breeding
specimens M «  3°*2

4 3 0 0 4 0 0 0 0 1

2 1 0 0 1 0 0 0 0 0

S SB 7.57 T tt 226

3 JS T B 91

Be rand.
M » mean 3 »  standard deviation T a to ta l number o f

observations.
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Mmnodrilus helvatlcus Piquet* 1911 

t*halvetlcug Piquet* 1913* p*13^* '&-€• 8-10,
P oscrintion i

20 -  45 m . 5 0 '-  90 segments. Anterior dorsal 
bundles with 5 — 9 crotch ets , with a mean of 6.4 
fo r  mature specimens. ! Simple b if id  crotch ets only 
present, w ith the upper tooth  a l i t t l e  longer and 
thinner than the lover* ’ In mature specimens penis 
tube averaging 4%5 times as Ions as broad, with a 
range o f  from 2 -  7 times* ■ The penis sheath i s  short 
and straight *f expanding d is  ta l ly  to  form the hood which 
i s  re fle c te d  back over the tuba (fig s*  10 and l l )  • 
M scusslon*

She mean number o f  chaetaa per bundle i s  quoted 
only fo r  mature specimens as th is  species cannot bo 
id e n tif ie d  from immature specimens* I f  th ese-figu res 
(tab le  5s) are compared with the values fo r  other 
species (ta b le  6) i t  can be seen that they are generally 
lower, but as th is  d ifferen ce  is  not very pronounced 
l i t t l e  importance should be attached to it*

The: shape o f  the ehaatae is  uniform^ and the upper 
tooth  always appears to  be 5a l i t t l e  longer and thinner 
than the lo v e r  one, (fig *  4•*’)• Piquet (1913) claimed 
that the teeth  - in, la cu str in e "specimens were short and 
bounded w hilst those o f  riverin e  specimens ware sharply 
Pointed. No trace o f  such a d is tin ction  has been 
£ound in specimens examined by the author^ but i t  must
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be admitted that nona have been from true lacu strine  
habitats. An examination o f  P i l o t ' s  specimens from 
both types o f  habitat (Brinkhurst and Kennedy, 1962a) 
fa lla d  to  ■ show any such d is tin c tio n . The chaetae o f  
h,H elvetians ara indistinguishable from those o f 
I .h o f fh e is te r i  and 1, cerv ix .

The length:breadth ra tio  o f  the penis tuba is  not 
vary variable (tab le  5b), The mean and the standard 
deviation ara lo v e r  than fo r  most other specio3 except 
Ti,udakanlanns (tab le  6) and possib ly  L ,neotroplcns. 
lim nodrilus helveticns may be separated from these species 
by the shape o f  the panis tuba hood, ""'/Thera i s  no 
s ig n ifica n t d ifferen ce  between the range and the naan 
fo r  a l l  natura specimens and fo r  breeding specimens only.

The hood o f  the penis sheath takas the form o f  a 
c ircu la r  plate which is  re fle c te d  back over the end o f  
the sheath ( f i g s ,  10a -  d ). Under pressure, however, 
i t  may assume a trumpet shape ( f i g s ,  10i  -  !)•  Intermediate 
stages in th is  procese are shown in  f ig s ,  10a -  h. I t  
is  considered that a l l  these forme are referab le  to a 
basic typei f i g ,  10a. The d iffe ren t forme nay occur in 
a single specimen, as f ig s ,  10f  and k. 'fiera the 
hood has assumed the trumpet-shape it  may c lo s e ly  resemble 
specimens o f  b .h o ffh e ta ta r i which have a lso  been 
subjected to  pressure, (compare f ig ,  101 with f ig i  6p), 
in  t liase cases the pañis tube ra t io  w il l  usually serve



Tha variation  In the s p e c if ic  ch a ra cteristics  
o f  L .halvaticua

5a) The variation  in  tha nvarn̂ a nm b»r o f  chsetae yer 
"bundle in tha dorsal Bundles o f  seamants 2 -  7.

Average number o f  ohaatno ta r  bundle H 3, 2

L I Z  2  2  2  12.
Mature
specimens 0 1? 60 29 10 3 0 6,4.. 0,91 H 9

5b) Tha variation  in  tha lenrth»breadth ra tio  o f  the 
ranis tuba.

len,Tthi breadth ra tio M 3 T

z 2 £ 1 6 1
A ll
specimens 3 26 39 19 2 1 4 .5 0,86 90
Breading
specimens 3 19 29 10 1 0 4.3 0,74 62

lemand. .

M «  mean 3 « standard deviation T «  to ta l number o f
observations



iin»'Mhr4».»iiii»i>i iiiiwhiìiw

Varlotions in t'm  ìtmà. ot tòe pcnìs tuli© of à*J^2Si2B2.

4 e •««.. pair from tha «amo specimen 

* end k M(tt pair front thè satns specimen 

^ anA 3 «»•«• pair fron thè «aao specimen
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to  id e n tify  the specimens. The re fle c te d  t ip , 
whan present, i s  quite d is tin ctiv e  and serves to  

distinguish  L .helvetlcus from other sp ecies , ( f in .  11).

- lim nodrilua grandisetosus ?%mnra «1,93.2 
1« orandisetosus Ponura, 1932, p .511, f .1 - 5 ,  p i*13-17. 

Tiescrirtlom
00 nm. 85 -  95 segments^ Anterior dorsal 

/bundles with 3 - 4  chaatae, decreasing to  2 in  the 
post c l i t a l la r  region . Ventral chaetae o f  segments 
4 —10 vary broad and long, and disproportionately  
la rg er than the corresponding dorsal ones* A ll other 
chaetag b if id  crotchets with, the upper tooth  Ion er 
and stouter than the lower one. Penis tube short, 
with a length!breadth ra tio  o f  2*1, forming a shovel­
shaped hood ( f i g .  l l g ) •

2 iscussion i

2he above descrip tion  i s  that o f  Tonura (1932).
»o account is  given o f  the variation  in the shapes o f  the 
ehastae or  penis sheath, o r  o f  the dimensions o f  the 
la t t e r  organ. ■

The species appears to be sim ilar to  1 .ndekamlanus, 
but without reference to the or ig in a l specimens i t  is  
not possib le  to  discuss i t s  re la tion sh ips in deta il*
3«larged chaetae are frequently  rela ted  to regeneration

2.47
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in the Haidldaa, but tho prosonca o f numerous specimens 
in Uonura1s original lo ca lity  suggests.that this may 
not have been'rosponsible fo r  tho enlarged chaotao in 
1«¿rrandisetoattg* Further, no such enlarged chnotne have 
boon observed following regonerntion in T-imr.odrllua by 
tho author (chapter 45*

Mmnodrilna nootropicus« Carnosyit_ov*193.9-

h. neotropicus Camosvitov, 1939» p.106-108, f .86-101.
9e 3 print, inn: ‘ 1

90 m i 45 ^ 170' segments. Anterior dorsal 
bundles with 3 - 4  crotchets, decreasing to 2 or 1 
posteriorly. Simple b ifid  crotchets only present^ 
with tho upper tooth strongly curved and about twice as 
long as the lower in the anterior bundles, but with the 
Upper one as long as, but thinner than  ̂ the .lower one 
in the posterior bundles* She penis sheath is  short 
and narrows towards tho distal end. I t  than expands 
to form a large round dilation , with a wide la tera lly  
displaced opening (fig* 11c)* fha length:breadth 
ratio o f the panis sheath with a range o f from 
4 t 1 to 5*5 * 1.
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Discussions
2he above description  i s  that o f  Carnosvitov 

(1939)* fioforánea to  tho type spocinans confirms h is 
descriptions# Iha variations in  the shapa o f  the chaatae 
and the hood o f  tho pañis skoath aro figured by 
Carnosvitov ( o p . c i t . ) .

Species dubla
hftQomllinus (Bison) I 883, P*900, f .1 4 .
?'.* c a li  forn icas (Risen) , 1883, p*9d* f*l<$*
1«.linens (Risen) 1883, p.OOO, f .1 4 .
I«montioo1 n (Sloan) 1883, ,p#896# f«.10* 
liorn a  tits Risen, 1883, p. B94- 895, f .  8. 
lüL-Sllvani. Sisan, 1883, j>, 897- 898,. f .1 2 . -
Lt,spiral i s  fRisanU 189^1 p. 899- 900; f .  15# 
h».staírarvaldi Sisen. 1883, P.895, f*9# 
l*alr>9atria  Bisan, 1883, p .896- 897* f * l l ,  18 . 
íhasa spocias dubia have boon discussed b r ie f ly  on 
pacos 2.12  and 2 . 1 3 . ■ ■
litbosdonnvl Grimm; 1877*

This was considerad a species dubiun by 
hiehaelsan (1900) .  I t  has never subsequently been 
^scordod. The orig in a l descrip tions o f  th is  e n tity  
(Crimm, I 877, 1878) have not been seen by the author. 
&*ggct.B3Ua Andrussof. 1914* P*92-97* f .1 -3 .
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Shis was considered to be a species dub inn 
by Marcus (1942), I t  has recen tly  been considered to 
be a synonym o f  Sub 1 fo r  nownonnis by Brinkhurst (19^3)»
I ,a o o n e to r ia lls  Michaelson, 1935 , p*34- 36*

Shis species was recorded from the Belgian Congo, 
I t  was poorly  described and few d eta ils  o f  the g en ita lia  
wore given. I t  was transferred  with considerable doubt 
to  Bothrioneumn by Cem osvitov (1930),
I  , bene d ll ' d »Udekem 
B,elon/mtua d*Udekan 
B«hyalinun d ’Cdakem

These three spocies were considered species dubia 
by Vqjdovsky (1834), Linnodrllns benedii i s  now 
considered to  be P oloscolex  benedani in  a l l  probability* 
-he author has not seen the o r ig in a l descriptions^
I-, novae ? c l and ine Bo nan nudum* in Beddard (1895)*

This species is  referred  to  by Beddard in  e a r lie r  
publications (1889, 1892) ,  Bo descrip tion  was given 
by him, but he considered the species to be a lin k  
between Limnodrilns and 01 i t  o i l  i o . fla then further
remarked that h is  specimens ware immature and possib ly  
not even assignable to Bimnodrilns, The species was 
l is t e d  under species dubia by Michaelsen (1900) ,
Bonham { I 9O35 described the occurrence o f  ~Bimnodril.uar sp. 
in  Hew Zealand and considered hie specimens to be the
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sano as those o f  Baddard, »e ith er  he nor the author 
has "been able to  trace a description  o f  th is  species 
in  the lite ra tu re ,

g) Kir TO TUI SF10 1H3 OF LlMNOnRILUS

For comparative purposes a summary o f  the 
variation  in  the number o f  cheatae per bundle and the 
length* breadth ra tio  o f  the penis tubes o f  the B ritish  
species o f  Lirmodrllus is  given in table 6 ,; The 
variations in the cheat a l shape o f  each species are 
shoxm in  fig#  4» and a comparison o f  the hoods o f  
the penis sheaths o f  a l l  species o f  Llmnodr11us i s  
shoxm in  fig#  11#

Much o f  the inform ation in  the previous sections 
o f  th is  uork has been used In the preparation o f  a kay 
to  the species o f  Llmnodrilue in Brinkhurst (19635* 
and.to the B ritish  species o f  fu b ific id a e  in  
Brinldiurst (19645* The key that appears belox-i is  
e ss e n tia lly  the same as that appearing in Brinkhurst 
(196351 but x«?ith some s lig h t m odifications#

The key is  useful fo r  mature specimens onlyf as 
immature specimens cannot yet be id e n tifie d . In  using 
ihe key the varia tion  in  the form o f the hoods as 
figured e l  sax.»hare ( f i g s ,  6 - 1 0 }  should be considered.
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Cormorison o f the variation  o f  thq s p e c if ic  
ehara ct e r in t ics o f  the smooics o f  Tdmnodrilns*

Information compiled iron  tables 1 — 5*
In su ffic ie n t  in f om ation  is  available on the

' , vmMivHnri n f I« arandlsetosngr and 1 «neotroptcns
f o r  inclusion  hare.

..Jjh*,,. * . .Lu* * T.-ha. •• * «I c l »  * * * ^JSSL*

Kean number o f  6*9 5. 3 * 6.4  6.8  6*9
chaatae/bundl© o f  
mature specimens

Standard deviation  s ' ■ A<A,  n no a 06
o f  chaetae 1 .13 ------# °*91 3- 02 1 *UÖfc. . t. t iy, * n: n '• P  ̂  ̂ " * "
Ranee o f  ran is
tube ra t io  in  . „ » ' * „  7 jaa l l  specimens 1 -  14 2 - 5  2 - 7  17-42 7-4

Kean ra tio  in  a l l  ' _ Q oft 9
specimens. 9 .5  3 .7  4 .5  25.9 2H" 2
Standard ¿aviation  1 .7  0 .64 0 .86  6 .52 7.57
in  a l l  specimens «

. ; j' 9- v ■> :f " % ''' * *’  ̂ ■ *'
Ranee o f  penis . . .
tube ra tio  in
o S y ainff Sp80lnans5 -  13 3 -  4 2 -  6 21-42 20-43
Mean-ratio in  ‘

only 9 .7  3*7 4 .3  29.8 3U* d
Standard deviation  ,.^ -v  -
in  breading specimens - ___
only 1*16 0*28 0 .74  -----  —
bergend. , , . •. »*., .f > ..' „' ■■'/"
Lh «  L .h o ffra la te r ! In  «  I.a^bom ifirus Iha »  I^ h c lv a t ic ^
I cl m 1. elar>aradeanua ' Ice » 2ii,°J3.g&£
* the mean f o r ‘ immature' sracimens was quoted fo r  th is  

species as in su ffic ie n t  in f om ation  is  available fo r  
mature specimens.
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la .  Van tr ill chaetaa o f  segments 4 -  10 broader and
longer than other chactas. Penis sheath short with 
shovel-shaped ending ( f i g .  11/?). . . . . . . 1 . grandisatoaua

h. Ventral chaetae o f  segments 4 - 1 0  normal. Penis 
sheath not o f  th is  f o r m . * * * * # 2  

2a. Anterior dorsal ohaatae with tipper tooth  up to  
twice as long  as lower one. Penis shsath 
always short , . . . , . . . . , . . . . . . . . . . . . . . . . . • . « • • • • 3

b* Anterior dorsal chaetae with teeth more or le s s  
equal in  length, or  upper tooth  only s li /^ it ly  
longer than lower one.
Penis tube long o r  s h o r t . . . . . . . . . . . . . . . . . . . . . . . * 4

3a. Penis sheath short with a simple t ip  ( f i g .  7) 
L.udekamianus**""'*....... .... ....... ■ '* s

b. Penis sheath narrowing towards d is ta l end, then 
expanding to form rounded d ila tion  with la te ra l
opening, ( f i g ,  l i e ) , ......................... »P .neotrerlcn s.

4a. Peni3 sheath short, with re fle cted  t ip  ( f i g . l u )
. * * •. • T>. helve tiene,,

b. Penis sheath o f  medium length^ curved, with the 
d is ta l end expanding to  form a trumpet-shaped
hood with a la te ra l opening ( f ig . .  6 ) . . .^l.h o ffm a ista r i.

c. Penis sheath lon g , th in  walled, and stra ig h tt with
a pear shaped hood ( f i g .  8 ) , . . . . . . . »1^clanaredeanus.

d. Penis sheath long, th ick  walled and narrowing suddenly 
at the t ip . S ligh tly  expanded hood bearing a backward 
and a forward p ro jection  ( f i g .  9 )• • • * ..1 .cervix .
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CBAPT3H 3

TH’*} Til ST HTTiUTIOH p? TJKTOBmtJS

n) Tim GKOCHApHICATi PISTRIBTPXOTl OP TJHITIpnillJg.

Since the work o f  Hichaelsen (1903) there has 
been no major attempt to make a conprohensiva survey 
o f  tho d istr ib u tion  o f  the genus Mr^modrilug,. Chade- 
l i s t s  have bean compilad f o r  several countries 
(Marcus, 1942s HrabS 1954s Cakanovskaya 1962i 
Mossynska, 1962s Brlnkhurat 19<52a, 1963)* but most 
o f  the information on d istrib u tion  s t i l l  l i e s  scattered 
In the extensive litera tu re*  In  com piling the 
fo llow in g  Information reference has been made ex clu siv e ly  
to  these check l i s t s  on ly  whan the country in  question 
i s  small. In the case o f  la rg er  countries, as the
U.8 .s ,R ,, additional references have been given in  

order to indicate the d istrib u tion  o f  the species 
within such a vast area* -Records in which the id en tity  
o f  the specimens is  considered dubious have generally  
been omitted* r

: For a l l  species except 'B.olnparadeanus, the 
l it e r a r y  records have been accepted on th e ir  m erits.
In the case o f  1« cl aperedeanus, because' o f  the confusion 
with other species discussed in the previous chapter, 
the l it e r a r y  records have only been accepted when a
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descrip tion  ha3 been included such that the id en tity  
o f  the specimens is  c lea r , or i f  i t  has proved possible 
to examine the specimens in question*

The d istrib u tion  o f  Llnnodrllus in B ritain  is  
discussed in more d e ta il in section  2 o f  th is  chapter*
1) The d is tr ib u tion  o f  Llnnodrilus outside B rita in .

The d istr ib u tion  is  given fo r  each species in  
terms o f  i t s  occurrence in  zoogeographical regions 
and then in  countries* The boundaries o f  the 
200geographical regions are given by da Beaufort (1951)* 
The boundaries o f  the countries are those indicated in 
the Oxford Atlas (1st E dn .l9 5 l), "Since the boundaries 
o f  several European countries have changed since the 
orig in a l records^ the countries given here are not 
n ecessarily  those in v?hich the orig in a l record was 
located*

Bimnodrilus h o ffn e ls te r i
jfolae arctic*
E urope.,,* Lithuania (G rig e lis j 1959*1962)!
Estonia (Timm? 1959* 1962, 1962a, 1963)*
Czeehslovakia (HrabS? 1938# 1941, 1954)* Poland 
( RyoskaJ. 1935, 1936* Szaze panski, 1953*
Moszynska, 1962 -  ch eck -list)*  Rumania (CarnosvitovJ 
l928)i Yugoslavia (C am osvitov, 1930# 1931* 1938} 
Oapkarev, 1956; Ilraba, 1958)* Albania ( Cerno3vitovJ 
1931, 1938; Iirab£, 1955)*



Germany (Michaelsan, 1900, ,1901? 1903» 1909? _
Uda, 1929 -  sumary) t Switzerland (Piquet and

Brataohor, 1913 -  sunnary)*
I ta ly  (Seieechitano, 1934; Brinkhurst, 1963a- 
chack H a t)  1 Franco (Ju^et, 1957? Brinkhurst, 1963)* 
B ritain  (Brinkhurst, 1962a -  check l is t )*
Ireland (Southern, 1909? Kennedy, 1964 -  check l i s t ) *  
Sv/eden ( Anstedt, 1946? Pi,puat, 1919)*
Bemark (Bare, 1939, 1948)* Finland (Brinkhurst, 
pern,conn,) t Austria (Brinkhurst, 1963)«
Eurasia and Asia#*** Palestine (Cernosvitov, 193^)*
B.S. S. R, (Hrabdi, 1936; Iaroshenko, 1957?* • —
Cekanovskaya, 1959? Sokolskaya, 1961, 1961a; 
Cakanovskaya, 1962 -  check l i s t  and summary)s Japan 

(Noriura, 1913)t China (Chen, 1949)i

Oriental
Java (Hichaelsen and Boldt, 1932)? T h illlp in es  
(Brinkhurst, pars, conn*)s India and Ceylon 

(Stephenson, 1912, 1923)*

Bevf Zealand
B@w Zealand (Benhan, 1903)
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Balaian Con^o (Csrnosvitov, 1939» 1945}*
South A frica  (Drinkhurst, pars, conn,)
Haaretie
Ü.S.A. (Altnan; 1932* C ollin s, 1937} Brinkhurst; 
in  preparation — check l i s t ) *  Mexico (Hybka, 1898)« 
Haotronical
B rasil (MarcusJ 1942, 19445* Argentine (CarnosvitovJ 
1939* Gavrilov and Pas, 1950)* PQru ( Cernosvitov, 1939)«

Llmnodrilns udekawlanna
Pnlaearotio
Buropo.........«.Lithuania ( G r i s l i s ,  1959» 1962)*
Estonia (T im , 1959, 1962, 1962a, 1963)*
Czechoslovakia (Hrabe, 1941, 1953)* Poland (Hyoska,
1935, 1936? Szecsapanski, 1953? Koszynska, 1962 ~ 
chock l i s t } *  Yugoslavia (Carno3vltov, 1933?
Sapkarov, 1956)* Albania (Carnosvitov, 1933)*
Germany (Michaalssn, 1900, 1901, 1903» 1909?
Dde, 1929 — summary)* Austria (Brinkhurst, 1963)*
Gvitnorland (Piquet and Bratscher, 1913 -  sumary)
I ta ly  (Brinkhurst, 1963a -  cheek l is t )*
Prance (Brinkhurst, 19635* B ritain  (Brinkhurst, 1962a -  
check l i s t ) *  Ireland (Southern'; 1909? Kennedy, 1964 -  
check l i s t ) *  Sweden (Anstedt, 1946)* Denmark (B er^  
1939, 1948)* Pinland (Munsterhe jlm , 1905)«
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Burasia and A sia .* * U.3 .3 .B. (B oltovskoi, 1961?
Sokol shay a, 1961, 1961a? Calcanovskaya, 19591 1962 -  
summary) * T ibet (C em osvitov, 1941a) * China 
(Chan, 1940)* Japan (Honura, 1913).
Oriental '• - -
India (Stephenson, 1923).
ffthiormn
South West A frica  (Mlchaelsan, 1914 a a 1 . n lp n str io l 
Bparctic ;
B ,3 .A, (Brinkhurst,'. in  preparation — check l is t )*
Mexico (Rybka, 1898) .  , h
B eotropical r-", ■.
B rasil (Marcus, 1942)* Argentina (G avrilov and Pas, 1949)*

lirm odrilus claparadeanns.

In view o f  the confusion that has ex isted  over the 
Iden tity  o f  th is  speoles an attempt has been made to  
v e r ify  the l it e r a r y  records, where p oss ib le . Most 
European and Anerican records o f  th is  species, prior 
to 1913, have been Ignored as the d is t in c tio n  between 
th is  species and T,.hoff me la te r !  was not generally  
appreciated u n til th is  year (see chapter 2) .

The fo llow in g  symbols w il l  be used to indicate 
the status o f  the records l is t e d  below*-
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? . . . . . . . V a r y  dubious. In su ffic ien t in d ica tion  i s
given in  the publication  fo r  the id en tity  o f  the 

specimens to be confirmed.
*  S u ffic ien t evidence is  given by the o r ig in a l 

author to  confirm the id en tity  o f  the specimens.
* . . . . . . . I t  has proved possib le  fo r  the author to

examine the o r ig in a l specimens or  specimens from

the same lo c a l i t y .

Paine nrotio
Europe . . . .  ¡.Lithuania (S  G r!ga lls , 1959 and pars. comm. 5«

Estonia (X T im , 1959, 1963 and pars. comm.) * 
Czechoslovakia (X Hrabe, 1941)* Poland (?  Hyoska, 1935, 
1936? * Ssczepanski, 1953? *  Mossynska, 1962 -
cheek l i s t ) *  Austria (*  Brinkhurst, 1963)*
Germany (*  TJdef 1929)* S w itzerlan d  (*  Piguet and 

B re tsch e r, 1913? B rinkhurst and Kennedy, 1962a)*
I ta ly  (*  Brinkhurat, 1963 -  cheek l is t )*
B ritain  (*  Brinkhurst, 1962a, but see a lso  chapter 2)* 

Ireland (*  Southern, 1909? .* Kennedy, 1964)*
Denmark (*  Barg, 1946? not as Barg, 1939)*
E urasia and A s i a . . .  U. S.S. R. (? Jaroshanko, 1957?

* B oltovskoi, 1961? X Sokolskaya, 1961a? •
X Cekanovskaya, 1962 -  summary)* Japan (X Nomura  ̂

1929)* China (S  Chen, 1940).
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Bearctic
U.S.A, (? Causey, 1953; 3C Teter, i 960?
* Brinkhurst, 1963 and pars .con n .)
Baotronlcai .
Uruguay (??  Cordero, 1931).

lln ro d r llu s  cerv ix  -
Balaaarctic
Europe . . . .  B rita in  (Brinkhurst, 1963).
Paarctic
U. 3 . A* (Brinkhurst, 1963 and pars.con n ,) .
Por further discussion  on the d istrib u tion  o f  th is  
species see section  2A o f  th is  chapter,

Linnodrilus he!vaticus
Bnlaaarctic ..
E u rop e ,.,, Lithuania (G r ig e lis , pars.conn ,) :
Czechoslovakia (Hraba, 1941}* Switzerland (Piguat 
and Eretschcr, 1913; Juget, 1953)* Prance (Jugot, 1957)* 
B rita in  (Brinkhurst, 1962 supplanent)* Swadon 
(Piguat, 1919; Brinkhurst and Kennedy 1962a).
Eurasia and A sia ,,,. U. S. 0. R. (llrabe, 1936?
Iaroshenko, 1957? B oltovskoi, 1961? Sokolskaya, 1961?
Cekanovskaya,,1962 »»'check l i s t  and sunnary).
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himnodrilus grandlsatosus 
Palaearctic
A sia .. * U. S. S.R. (Sokolskaya, 1958, 1961a;
Calcanovskayai 1962 sum ary)i Japan (Nomura, 1932; 
lamaguchi, 1940).
Oriental
Burma ( Stephenson, 1939 -  described ns Tdmnodrilus 
sp. and ‘believed by Nomura (1932) to  be th is  sp ecies .

hinnodrllus neotroplcus
N eotropical
Argentine (Cernosvitov, 1939)* Baraguay (Cernosvitov, 
3-939)* Peru (Ceraosvitov, 1939)«
Blscusainn
It  w il l  ta obvious from the above l i s t s  that the 
d istrib u tion  o f  the species of Llmnodrilus is  to some 
extent, a r e f le c t io n  o f  the locations, o f  c o lle c to r s .
$he tu b if ic id  fauna o f  Europe, except Spain and Norway, 
Northern Asia and Japan is  f a ir ly  w ell known.
North America, South America and China have been 
le s s  thoroughly studied, but s u ffic ie n t  c o lle c t io n s  
have been made to indicate the commoner species o f  
tu b if ic id s  in  these regions. Other regions, however, 
are s t i l l  very  poorly  known, end the absence o f  a 
p a rticu la r  speciea from them can not^ as yet, be 
regarded as s ig n ifica n t . These regions include A frica ,
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the Middle Sast, Indie, the P a c if ic  Islands,
Australasia and the A rctic and Antarctic reg ion s;
The knowledge o f  the t u b if ic id  faunas o f  those ro llon s  
has boon compiled from the resu lts  o f  occasional 
expeditions. Several expeditions have bean made to  
A frica , and i t  does appear possib le  that the sca rc ity  
o f  observations o f  Limnodrilus there may tru ly  r e f le c t  
a s ca rc ity  o f  the genus in  that continent. Occasional 
expeditions have been made into Antarctica (Michaelsen, 
19Q55, and in to  the A rctic to  the Paroen (D itlavsen,
1936) and Iceland (Zoology o f  Iceland s e r ie s ) , Pev 
tu b lf ic id s  have been recorded and It  again seems possib le  
that many species may be absent in  these regions. I t  
©earns very probable, however, that some members o f  the 
Conus Xlranodrllus w il l  be found to occur in  a l l  other 
C®0graphical regions when they are searched fo r ,

Despite these reservations i t  is  s t i l l  possib le  
to attempt a summary o f  the d istrib u tion  o f  the genus 
and species o f  lin n od riiu s  from the foregoing records,
^he genus as a whole is  cosmopolitan, having been 
found in  a l l  the regions surveyed, but come species 
appear to be res tr ic ted  in  th e ir  d istrib u tion  to  
varying degrees, L ,hoffm eisterl appears to  be a
aoamopolitan sp ecies . I t  appeal's l ik e ly  that 
LtUdakaradnWifl w i l l  also prove to  have a wide d istr ib u tion  
Species, I t  never occurs ns abundantly ns I>,hoffm olstarl. 

and th is  may be the reason fo r  i t s  absence in  regions
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that have not as yet boon thoroughly worked, The 
indications are that i t  is  able to  withstand extrema3 
o f  clim ate, bains known in Tibet (C am osvitov; 1931) 
and B rasil (Marcus, 1942). I t  saams probable that i t  
w ill  bo found to occur in  other rasions and to have a 
world-wide distribution*

L .c l n-rnradonnusl on tha other hand, shows some 
evidence o f  a more res tr ic te d  d istrib u tion . I t  i s  
present throu^out tha h o la ro tic  region  and the only 
record outside th is  ra tion  Is a vary dubious ono,
Cordero (1931)i who claimed to have found i t  In Uruguay, 
based h is  id e n t if ica t io n  on Kichaelsan (1900), I t  
has bean shown in the previous chapter that Michaelsen’ s 
id e n tif ica t io n  with regard to  th is  species was
inaccurate# On the present evidence, th erefore , i t  
appears that th is  species ia  re s tr ic te d  to  the h o la rct lc  
3*1 Gion. The d istr ib u tion  o f  h .ce rv ix  w il l  be discussed
in more d e ta il in a la t e r  section  (p* 3*14-) when evidence 
w ill be presented to  show that i t  has probably been
Introduced into B rita in  comparatively recently»“. Outside o f

B ritain  i t  i s  only Icnown from U. 3. A. I t  i s  probable that 
th is  i s  a true neurotic species but is  now spreading 
into tha pa laearctic  ration* Llmnodr.ilus hslvotIcus,

comparison^ appears to  be a pa laearctic sp ecies , end 
®van within th is  region  i t s  d istrib u tion  i s  re s tr ic te d
whan compared with that o f  L.hoffm eIs to r i . I v i deneo
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w ill  again la  presented to show that i t  has only 
recently  bean introduced into B ritain .

The remaining two species appear to  have vary 
restr ic ted  d is tr ib u tion s . Binmodrilus ^randisatomm 
Was dosaribod from Japan but was la te r  found by 
Sokolokaya (1958) in  the Soviet province o f  Amura.
^ha record from Burma must be considered dubious, but 
even i f  i t  i s  correct i t  s t i l l  ind icates a re s tr ic ted  
d istrib u tion . I f  th is  species is  present in  Japan 
and Bums i t  would be expected that i t  would also 
occur in  China, Since there are re la t iv e ly  few 
records from China, i t s  absence from there cannot be 
re girded as established. , The d is tr ib u tion  o f  
L .neotropicue i s  even more re s tr ic te d . I t  i s  
confined to  South America and appears only to  occur 
In the centre o f  the continent. I t  i s  probable that 
I t  w il l  a lso  be found in  B olivia,, since i t  occurs in  
lake T itica ca  (Carnosvitov, 1939) which forms part o f  
the boundary between B oliv ia  and Peru*

Tha inform ation summarised In the■preceding 
pages on the d is tr ib u tion  o f /th e  species o f  Bimnadrilua. 
In Burope has been incorporated by Brir.khurst in  h is  
chapter on the Oligoehnota in  the Bimnofauna Buropea 
( in preparation)«



2) The d istribu tion  o f  Tdmnodrllns In B rita in
The d istrib u tion  o f  the ganU3 in B rita in  has been 

l i t t l e  studied. At the beginning o f  the century numerous 
records ware published by Friend (1898 at s e q .) ,  but h is 
id e n tifica tio n s  have been shown to  be unreliable 
(Cernosvitov, 1941)* They are ignored here. A few 
English and lianx records were included in a work on Ir ish  
tu b if ic ld s  by Southern (1909). These have recently  
been checked and brought up to  data (Kennedy, 1964).
Some B ritish  records are to be found In Brxnkhurst (I960)» 
but In vievi o f  the taxonomic confusions in  that work 
some o f  these cannot be accepted in a study o f  the 
d istribu tion  o f  the gonue. The check l i s t  o f  B ritish  
Tublficidae compiled by Brinkhurst (1962a) Is  o f  no 
value here because lo c a l i t ie s  are not given. The 
d istrib u tion  o f  tu b if ic id s  in the Is le  o f  Han has been 
recorded by Brinkhurat and Kennedy (1962). Beferences 
to Llmnodrilus sp. and to  L .hoffm aisterl occur extensively  
in  the general freshwater l i t e r a t u r e ,. but In the absence 
o f  confirm ation i t  i s  considered sa fer to discard them.

The d is tr ib u tion  o f  blmnodrllns recorded in  
the fo llow in g  pages has been based to a large extant on 
Parsonsi c o lle c t io n s . L iterary  records have only been 
ooesptod when i t  proved p ossib le  to  examine the specimens, 
d is tr ib u tion  has been recorded on a v ice-county basing 
us there is  in su ffic ie n t  information fo r  maps on a 
° ^ l l e r  scale to  be meaningful. In addition  to
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showing a region where a species has been found to  
oocur, tha regions where i t  has ho an searched fo r  and 
not found ara also shown* This c lea r ly  distinguishes 
the regions which have not been surveyed and enables 
More ra llanco to  ho placed on negative records*

C ollection s ware only made at s ite s  vhora 
Binnodridns was considered l ik e ly  to he present. 
P articu lar attention  was paid to  canals, in view o f  
the apparent r e s tr ic t io n  o f  1.» cerv ix  to th is  habitat*
Host o f  tho co llo c tio n 3  waro made in spring and early  
summer, when tho chances o f  fin d in g  more e a s ily  
id en tifia b le  breeding individuals was greater. In  
the re la t iv e ly  short time available i t  was not possible 
to cover a l l  o f  B ritain but attention  was given to  
England and Vales. Hecords from the W orth.of England
p-nd Scotland are few. ‘

In the fo llow in g  account the d istrib u tion s o f  
I* oarvlT and L*halvetleua are considered separately from 
that o f  the other B ritish  species o f  Umnodrilus as 
preliminary observations had shown o very res tr ic te d  
d istribu tion  fo r  both species* I t  was f in a l ly  concluded 
that both vere not native species but had recen tly  
been introduced Into B rita in  (p p .3*14 ~ 3.21) $h@
Remaining species o f  lln nodrilu a  are considered together 
because a l l  three appear to be native to th is  country 
^ d  th e ir  d istrib u tion  shows no p e cu lia r it ie s .
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A) The d istrib u tion  o f  T>*cervix and 1.« hoi vet len s*

Llmnodrilua cerv ix

The d istrib u tion  o f  th is species is  shown on a 
vice county basis in fig*  12a* I t  is  evident that i t  
i s  re s tr ic te d  to  two areas. The la rg er  area occupies 
the whole o f  the midlands and the smaller one is  confined 
to the county o f  Cheshire. A c lo ser  study o f  the 
d istrib u tion  o f  I .,cerv ix  within these areas shows that 
i t  is  c ith e r  confined to canals or to  r iv ers  in close  
connection withj or rece iv in g  overflows from, a canal 
system. I t s  d istrib u tion  throughout the canal system 
Is shown in  more d e ta il in fig* 13* Both the s ite s  
where found and where not found are shown. A single 
negative record i s  not accepted, but several negative 
records close  to  each other or  from a particu lar 
canal or r iv e r  system are accepted as evidence o f  i t s  
absence in  that region .

It can be seen than from fig . 13 that i t  is 
present in the R. Thanes as far as Oxford, but is  not 
found beyond i t  or in any of the tributaries o f the 
Thames, »3 the Churwall or Thame. It is present in 
"the two main branches o f  the 3*1« cans.1 system i.e* the 
Oxford canal and the Grand Union Canal. I t  is  present 
Ih the R.Ouse close to Bedford and the R*Nane dust 
hbove Northampton, but both rivers are in direct
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^  ^tributlon br tice-cou*vfeies of T,« certlx and !•» heltetlcus In

......... .....

***** 3aJioltetlcufl

k m *.

Hatties blocks in indicates the presence of the species in 
the area.

Ce ®b*mtioa stippled indicates that collections hate been made in

the area but the species baa not been found there*
î«ee Couhti0s left blank indicates that no published records are 

Sellable for the area and no collections hate been made there*





distribution ©f 1* ceraia tìu^uefroat tit© \jexiii system of 
aad ^ales* Only thooo waterways specifically nsaed In

tho <fiM labelled,

k̂trokea lines * canals
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connection with the Grand Onion. * It  is  present in 
■ the Grand Union canal above Leicester and below its  
junction with the K. front* This would appear to be
the northernmost limit of its  distribution along the 
system, as it  has not been found in the H#f rant, the 
Srewash Canal, the H.Bcrvant (where a series of 
detailed surveys have been made over recent years — 
BrinMiurat, in press) or in the Trent and Horsey canal# 
In the Oxford canal system it  is  present in the H. Avon 
at Berwick, t/hore connects with the canal system, 
the Uorcootor and Birmingham canal and tho H# Severn at 
Stourport, -whore it  joins the Staffordshire and 
Worcester canal. I t  is  not known whether i t  is  
present in the Hivera Severn and Avon below their 
junctions with the respective canals# Wo attempt has 
Been made to look f o r  it  in the Birmingham canal system. 
It  is  not, however, present in the two N.u, canals 
leaving the Birmingham system (its  absence in the W. '2. 
®xit has already been referred to)# Several collections 
have bean made in the front and Mersey canal between 
Stoke and Lichfield, where i t  has not been found.

It is  also absent in the Shropshire Union canal and from 
it s  Shrevsbury and Llangollan branches#

, I t  occurs in several lo ca lit ie s  in both the 
Shropshire Union and the Trent and Mersey canals and
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th e ir  junction  branch in  Cheshire, in  several l o c a l i t i e s .
I t  has not been searched-for extensively  north o f  the 
lin e  from the II, Mersey to the Wash. Those Northern 
canals are main canal system Joined to the Southern 
by four branches* The H,Trent, the M acclesfie ld  canal, 
the Bridgewater canal and the Manchester Ship canal.
The f i r s t  three mentioned branches have been sampled and 
B,carvl t hho boon found to  be absent from tuon, The 
chip canal has not been sampled, b u t■in vie^  o f  i t s  
high s a lin ity  i t  is  considered un likely  that any freshwater 
species is  able to  survive there. I t  nay thus 
ten ta tive ly  be concluded that B .cerv ix  i s  absent from 
the northern canal system. The pattern, as shown in 
f ig .  12, o f  two res tr ic te d  and discontinuous areas o f  
d istribu tion  is  thus confirmed by th is  more deta iled  
survey.

There appear to bo three possible explanations for  
such a pattern o f distribution. The f ir s t  o f  those is  
that at some previous time B,cervix had a much wider 
distribution in the deeper, 3low flowing rivers and due 
‘to Increased organic pollution i t  has now become 
^Q tricted to canals. The main objection to this theory 
Is that canals are frequently more polluted than rr>ny 
rivQro, Binnodrilus cervix is  present in canals in  most 
stages o f pollution (pers.obsvn,) Rven i f  th is ware 
^rucf ¿t niniit be expected that the ex*3<*¿38 would be



found in  soma r iv ers  not n ecessarily  connected with 
the canal system. I t  w il l  bo shown.that th is  is  not 
the case. A second possib le  explanation i3  that th is  
species exh ib its  an e co lo g ica l proferonce fo r  deepj 
slow blowing r iv e rs , and that I t  has spread in to  canals 
as these provide a sim ilar type o f  habitat. I f  th is  
ware the case i t  x/ould be expected that the species 
should occur in  r ivers o f th is  nature, and possib ly  
also in  canals outside the main system. Reference to 
fig *  13 shows that th is  is  not so. Outside o f  the 
train canal system c o lle c t io n s  have been made in  the 
KeathJ Swansea, Brecon and Abergavenny, Bridgewater 
(Somerset), Lancaster and Leeds and Liverpool canals. 
C ollections have a lso  been unde in the fo llow in g  large 
r iv e r s i -  Tamar, Bart, 3xe, Hampshire Avon, Test, 
Blaclcwater, Itchen , Hoach, Crouch,Cholmer, Otou1r,Laa, 
Quae,Hen* and fen  drains, Wallen dj. tr ib u ta ries  o f  
the Thame3 and the Thames above Oxford. I t  lias not 
heen found in  any o f  these canals o r  r iv e rs . I t  is  
also absent in  a l l  the r iv ers  and canals so fa r  
examined in  Ireland. AccordinglyJ th is  theory is
E je c te d . . ‘

' The th ird  possib le  explanation i s  that L .cerv ix  
is  not a native species but .has been introduced into 
^ i t a in  and i s  now spreading slow ly through the canal 
®ystem. Outside B rita in  i t  is  known only from B. 3. A. 

(p »3 .7 ). I t  nay be s ig n ifica n t that i t s  two areas o f



d istribution  in B ritain  are based on the transatlantic 
ports o f  Liverpool and London. On th is  theory L ,cerv ix  
is  s t i l l  only in  the ea rly  stages o f  introduction  and 
is  only beginning to spread from the canals in to the 
connecting r iv e rs . Xt has not yet had time to  spread 
into r iv ers  or  canals not c lo s e ly  connected with the 
Rain systems, and i t s  noted absence in these bodies o f  
water 13 thus rea d ily  exp lica b le . The d istrib u tion  o f  
Li> cervix  shows a vary sim ilar pattern to  that o f  Gammnrus 
tlg rin n sr and i t  was concluded by Hynes (1955) that th is  
species had been introduced from Forth America. To 
the author th is  theory api>ears to be the most p lausible 
o f  the threeJ as i t  s a t is fa c to r ily  explains the known _ 
d istrib u tion  o f  the sp ecies . I t  is  therefore concluded 
that L. cerv ix  i s  a Forth American species that has been 
introduced into B ritain  within Comparatively recent t in e 3 

I t  i3  a lso possib le  to consider the s ite s  o f  
in troduction . Since the two areas o f  d is tr ib u tion  are 
d is tin ct and discontinuous i t  i s  suggested that two 
Introductions have taken p lace. Brom the wider spread 
o f  the species in the midlands i t  would appear l ik e ly  
ihat th is  was the e a r l ie r  introduction  o f  the twoi I t  
uould seem l ik e ly  that the Introduction took place in to  
the R,Thames, probably above London since I t  i s  absent 
£**om the Lee navigation canal. Prom the R.Thames the 
Opecies could have entered the Grand Union canal at
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niobio ndf o r  noro po?3slt>3.y £ron lotc* Ano 11101* npcoico
Of til'-.'l -,M „ ’1 d. n*v»r>eMtrr»n fif* rfjifyrti 10 ' ITOMI tO llOVO 

cntorod tlio ' n .^ im oa  nt'ì'm.», nnd thon to  hnvo orrood 
ttpctrenn (lfcn»f I 95O) • T>*nno*rHnr* e o rv ir  nny thon 
boi?!} coreod nort feconda nnd ♦ •not’ fordo up tho ÌU!?hnno.o# 
l .e *  gI oiv:  tha N ito r i riyo indiente* in  thè procaciin e  
t>oracrna.hn« ì t  dono not aceri to  heve oprood tioyond 
t In Bim lnclion canal oynton. ?hin nny \n o ronalt o f  
thè t i r »  £nctort o r  pooniKly i t  i o  tmnblo to  to lo rn t»  
thè hetwy r o l lu t lo n .in  thè cenala o f  thot rofdon. I t  
boa not, hcr xivorf nodo contact tdth  tho ; Mortivi »o te rn  
introducticm* ~ *ho n o t r l c t o i  n n o  o f  «prènd o f  thè 
opacìoo in  th lo  ragion onrpTaetc thot th is  Io  ri n o n  
x^oenfc in troducilo»"thnn  thè bouthem ono* I t  mono 
t’oonl'bio th o t 'th io  oocurrod in' thè Kanohaster "Slip 
ocnnl nt m .lonm ro r o r t j  ^bire ti«j Shropchiro tfnìon. 
orinai lo in o  ìt*  I t  lo  not nupmotod thnt 
io  preconi in  thè nhip canali lu i  that i t  pncnod in to 
thè S ircpohiro M o a  conni' n t th ia  point nnd opre ad 
rilor\p i t i  oc fa r  00 tho bmnch ¿o ìr ìn p  th io  canal to  thc 
^ront and Horeay conca«- I t t h c »  carco* in to  thè Trcnt 

iiorooy o o m lf nnd hoc!? rion e  It in  _ thè d irection  o f  
^•moorn. . !M 8 . snGecotlon io  profem td  to  th o t .o f  i t e  
d irect entry froti thè ch ip  ceno! to .th o  tre n i end Mereay 
OnnrCt v ia  the ? r ìd tpr nitor crviol* no ì t  han not beon
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found In several samples from the la t t e r  canal* This 
appears to  he the lim it o f  the Northwestern d istrib u tion  
o f  b*carvixl at present. I t  has not spread in to  the 
Northern canal system, or any farther South along the 
Shropshire Union or Trent and Mersey canals o r  any o f  
th eir branches. I t  must be emphasised that such

fconjectures must in ev itab ly  remain hypothetical» as 
i t  is  v ir tu a lly  impossible to prove con clu sively  that 
a species has been introduced." Nevertheless» i t  i s  
the opinion o f  the author that th is  is  the only 
explanation o f  the d is tr ib u tion  o f  1 »cerv ix  in  B rita in  
that embraces the observed fa c ts  and s a t is fa c to r ily  
accounts f o r  them. , ■

The im plications o f th is  theory In so fa r  as i t  
concerns the taxonomic oonfuaion between 1». cerv ix  and 
lit claparadeanus has been discussed elsewhere (p*2 .3T)*
^t i s  s u ffic ie n t  to state hare that-the knowledge o f  the 
d istrib u tion  o f X,.cervix as compared with that o f  
li-» c l  a pare de anus was o f  considerable help in  the 
^ co g n it io n  and separation o f  the two sp ecies .

lim nodrilus h elvetlcu s

The d is tr ib u tion  o f  th is  species on a v ice  county 
basis i s  shown in  f ig .  12b. Compared with the large 
ai*eas examined i t  is  obvious that i t s  d istrib u tion  in  
Britain is  vary re s tr ic te d . I t  is  3cnown, in fa c t , 
from only three lo ca lit ie s ^  a l l  on Merseyside. In



3.21

Cheshire i t  occurs in  a sn a il i>o nd at Raby ( f o r  
fu l l  descrip tion  oca chapter 5 a l). I t  haa not been 
found in  other ponds in th is lo c a l i t y  despite an 
intensive search» In  Lancashire i t  is  lenovn iron  a 
sn a il brook at Ditton ( fo r  f u l l  description  sea chapter 
5al) and from the Leeds and L iverpool canal near Burscouch. 
Ihe two Lancashire lo c a l i t ie s  are c lo s e ly  connected to 
the R.Mersey and the port o f  L iverpool, ^?ha Cheshire 
pondj however^, i s  an iso la ted  lo c a l i t y  about f iv e  n ile s  
fron the R. Mersey and without any water connection to  i t .

In continental Buropa and Asia where th is  5 

3pecias ig  no re connon i t s  ty p ica l habitats are deep lakes 
(Pifjuet and Bratscher, 1913» Piquet, 1919» Boltovokoi, 
l9 d l)  o r  lar{je r iv ers  (Hrabe, 19411 «Iaroshenko, 1957).
I t  is  occas ion a lly  found;in  sn a il streams (Pi/piet and 
^retschar, 1913; Brinkhurst and Kennedy, 1962a). ‘ I t  
Ha3 not been found in  any o f  the B ritish  lakes so 
fa r  oxariinad ( Brinkhurst in  press b) I t s  occurrence 
In such a re s tr ic te d  area and in  s ite s  so unlike i t s  
**Qiml habitat i s  not rea d ily  exp lica b le . On the basis 
o f  the p ecu lia r ity  o f  these habitats and th e ir  proxim ity 
lo  a lar^ja port i t  i s  ten ta tiv e ly  ou^casted that 
lithalvfltlttrifl nay be an introduced species in th is  
country^ although there is  very l i t t l e  evidence to  
support th is  s u r e s t  ion .



*) The distribution of other species.

The remaining three species o f  Linnet r i ln s  to 
occur in B rita in  appear to he native to th is country 
ond th e ir  d istrib u tion s show no p e cu lia r it ie s . The 
d istribu tion  o f B .hoffm eiatari is  sho<>n in fi,f>14a, 
liyhdekenlanng in  14b and hi c l  a-aa re da anna in  14c,

As ni/^ht be expected from such a cosmopolitan 
QpeciQ3 a3 h. hoffmeisterl its  distribution in Britain 
chows no evidence of a restricted pattern. It  ha3 been 
•found in a ll areas investigated, and in the opinion 
of the author it  w ill be found in suitable sites in a ll 
the remaining areas when they are searched.

The distribution of both B.udakamiamis and 
ikt.cl npare da anus is  patchy and more local. Both species 
are Generally scarce in habitats where they occurj, and 
a^e consequently more likely to be overlooked. The 
distribution of both ei>ecies is widespread, however, 
and it  is  considered likely  that they w ill be found to 
oocur in most areas when these have been searched more 
thoroughly.

*>) TIH TIISTBIBTJTIOII 0 ?  TJmiQnHlT.TTS ITT HIT, A? TO IT TO ITS 

ffCOLO GY

SooloGical studies on the Tubificidao have been 
tampered by difficu lties in the identification of 
specimens* Such ecological information as is ava^pable
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has recen tly  been summarised by Brinkhurst ( in  
press, a and b ) .  He concluded that fo r  most species 
there i3  no apparent rela tion sh ip  between the presence 
or absence o f  a species and any known fa ctors  in the 
Physical or chemical nature o f  the environment. Ha • 
oucflested, however, that the nature o f  the substratum 
miflht influence the abundance o f  a species in  a 
P articu lar habit at i

In  the present study particu lar attention  i s  paid 
to  the d istr ib u tion  o f  Bimnodrllus in  a number o f  
habitats* Pew attempts have been made to  determine the 
abundance o f  Tiimnodrilns in  re la t io n  to  the nature o f  
the habitat, although th is  was o r ig in a lly  intended, 
deta iled  studies on the d is tr ib u tion  and abundance o f  
species o f  Bimnodrilus w ithin a particu lar l o c a l i t y  
(discussed in  part 4 o f  th is  se ction ) show that a 
considerable ran^e o f  variation  may ex is t  within an 
Apparently uniform habitat* I t  was evident from these 
studies that the re la tiv e  abundance o f  the species In 
sny p a rticu la r l o c a l i t y  could not be determined from a 
single sample and that a lar^a number o f  samples would be 
S q u ired . Within the time available fo r  the present 
study i t  proved impossible to examine lar^ye numbers o f  
samples fi»0m every lo c a l i t y  v is ite d , and so the 
quantitative aspects o f  th e -d istr ib u tion  o f  Mwnod^llus 
Have l a r ^ l y  'teen ignored*
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In  tha fo llow in g  account the d istribu tion s o f  
D .cervix  and L .hoivatlens are not considered in  any 
more d e ta il than is  given to them in  the previous section . 
As both spacies 3 t i l l  appear to  be at the l im it a t io n  
stagey th a ir  absenca in many o f  the habitats examined 
in  B rita in  can not be regarded as s ig n ifica n t or  as 
proof o f  th e ir  in a b il ity  to survive th e re .•
1) The d istrib u tion  o f  llrtnodrilns in  re la tion  to  

the nature o f  the h ab ita t, 
a) The d istr ib u tion  o f  Llmnodrilus, in  riye.rg,.

There is  re la t iv e ly  l i t t l e  information available 
in  the lite ra tu re  on the d istrib u tion  o f  Idmnodrllug, in  
d ivers, Ilraba (1941) cave d eta ils  o f  c o lle c t io n s  in  
the H,Danube and summarised the lite ra tu re  on several 
European r iv e rs . He found 1».hoffraaisteri to  be amongst 
the ten commonest species^ whereas L,u*ebemlanus and 
lut.clamre deanus occurred only lo c a l ly  and never abundantly.

also recorded occasional specimens o f  L .helvetions from 
the n.Danube. , Boisen Bennike ( in  Herg, 1948) found 
liahoffm eloteri occurring in a l l  types o f  substrata in the 
R.Susas, but sj^arser on sandy substrata, . D,udakemianus 
aRd L,claparedeanus occurred rarely  during the Susaa 
survey.

Ssezepanski (1953) tr ie d  to  re la te  the d is tr ib u tion  
snd abundance o f  the tu b if ic id s  in the R .V istu la  to  
the type o f  substratum. He concluded that T<> hof  ''n elotarl 
is  a ubiquitous sp ecies , whereas L.udekemianns and

cla-nnreda anua are re s tr ic te d  to  a permanently muddy
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substratum. Although L.hoffm altitarl i3  the dominant 
species o f  tho conus in tho r iv e r , i t s  numbers decline 
on a sandy substratum# lie considered that tho composition 
o f  tha bottom fauna in tho r iv o r  nao tho resu lt o f  two 
princip la  Interdependent fa c to rs ; tho naturo o f  tho 
substratum and tho v e lo c ity  o f tho current.

Tho above conclusions arecon firm ed by tha author's 
own co lle c t io n s  (tab le  7 ) . llm nndrilue ho^fm eistari 
occurs more frequently than e ith er  o f  the other two 
species o f  Idr-modrilus in  each type o f  habitat, and 
occurred in  51 out o f  the 57 lo c a l i t i e s  sampled. The 
occurrence o f  both h.udokomlanns and 1. cl. ap are da anus 
was lo c a l ,  and showed no corre la tion  with tho nature 
o f  tha h ab itat. Linnodrilus h offm oisteri occurred in  
a l l  types o f  substrata, and appears to be the most 
abundant species o f  hlrenodrilua. The other.two species 
barely appeared to  occur abundantly, 
k) The d istr ib u tion  o f  hlnnodrilns in lak es.

Brirldiurst ( in  press, a and b) in a review o f  the 
k lo locy  o f  the T ubificidae in  lakes stated that in  ceneral 
there seemed to  be no corre la tion  between tha presence • 
o f  species and the physical and chemical fa ctors  usually 
o st im ted  in  lak es, A deta iled  study o f  the d istrib u tion  
°£ hlmnodrilus in  lakes confirms h is  conclusions.



?ha co curro nee o f  LinnoOrline in riverine habitats 
' 1« Britain# ,

gABLTÌ 7

pâture of 
habitat.

Number
examined Ii.hof.

Number eontainìn,'*
ji.nda. 1. ciao,

Rivera 23 21 • a ■-.■■ :'■■-■ ■ 5
Streams 14 10 6

Canals 20 20 3 3
la-talo 57 51 12 14

I»«hof. » I^hoffmslstart T..n*a. * l,u4ehomianua 
li, clan . »  T.. e l-^ rodean u s
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The d istrib u tion  o f  Idnnodrilus in  tha Swiss 
lakas has boon summarised by Piguet and Bretsehar (1913), 
Linnodrilus h o ffn e ls te r i occurs in the m ajority o f  tha 
1 alias surveyed, L.udekenianns. I„ clorerodeanus and 
L»halveticua in  only a few. ITo clea r  pattern emerges 
fron  the presence o r  absence o f  a species and tha trophic 
status o f  the lake* They show, however, that P. hetveticfls 
occurs noro frequently in lakes than in  any other type 
o f  habitatj an observation confirmed by Piguet (1919) 
in h is studies on Swedish lakas,

The Banish lake3 have been studied by Berg (1938) 
and Bunn (1954), but in  both works tha id e n tif ica t io n s  
o f  tha tu b if ic id s  are not always correct. Some o f  
these jhava been corrected  by the author. Idrmodrilus 
jlP^fmatst.Ard is  shown to  be present in  eutrophio and 
oligotrox 'h ic lakes, but there i s  no evidence o f  i t  occurring 

dystrophic ones. T.innodrilus ndakenianus is  known 
only from tha very outrophic lake Isron. Neither 

c l  arm rede anus nor Tuhalvetleus uaa found in any o f  
^ 0  lakes surveyed#

A sunnary o f  the d is tr ib u tio n  o f  Plrenodrilus in  the 
B ritish  lakas has been given by Brinkhurst (in  press, a ), 
^IllIIQdrilns h o ffn e is te r i occurs in the m ajority  o f  lakes 
eurveyed in the Lake D is tr ic t , but is  absent in  the nore 
° lig o trop h ic  lakes in the se r ie s , 03 were a l l  tu b if ic id s i 
iiinnodrilns udekenianns and Pin.nodriltis cl^-rsredeanus
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are apparently absent from »11 the.lakes in  the 
ser ies , In tho more autrophic Shropshire meres 
investigated in th is  survey L .h o ffn o is to r i i s  absent 
in only two out o f  the nine surveyed, 1 .udekenianus is  
only present in  fo u r 'o f  then and 1« olam re da anus is  
absent in  a l l .  I n 'tho one dystrophic lake examined 
no tu b if ic id s  wore found.

There are several studies on individual lakes, 
«Juyet (1958) found l.h o ffm e in ta r i. L.elanaredeanns and 
?*.helveticna in  the Leman, but only the f i r s t  oocurred 
abundantly* Poddubnaya (I960) found a l l  -three species 
and T.*tidekenianus in  the itybinsky reserv o ir , but 
b th o ffn e is te r i i s  the commonest species* Brlnkhurst 
(1963a) found only I .h o ffm e is te r i and L.udekenlanus in  
aamplgs from L .H a^ iore . Lastockin (1927) fa ile d  to  
find any species o f  hinnodrilna in  dystrophic lakes 
surveyed by him.

Two stud io3 in which an attempt has been made to 
relate  the presence o f  various species o f  tu b if ic id s
to the a ltitu d e  o f  the lake deserve a tten tion . Bretscher*
(1903) showed that w hilst b .h o ffm eister i i s  a common 
species in lakes up to 700 n. above sea leve l?  above 
th is hoiyht i t  i s  o f  very rare occurrence. Hrabe (1938) 
studied the tu b if ic id  fauna o f  the hi^h Tatra lakes and . 
iound that Linnodrilus i s  absent from the highest ones.



Tha fo llow in g  conclusions may be ton ta tiv o ly  
drawn iron  those observations. A ll sp a d es  o f  
Bimnodrilua era absent from or  ra re ly  occur in  
a) dystrophic lakes, b) extreme oligotroph ia  lakes and 
c) lakes o f  high altitude# Mrsnodrilns helvoticus 
appears to ho moro commonly found in  lakes than in  
any other typo o f  habitat, and nay bo considered to  ba 
prim arily a lacu strin e  sp ecies , Limnedrilns hoffmo1ste r i 
occurs in  eutrophio and som  oligotroph ia  lakas# I t s  
presence cannot tiioroforo .be  hold to bo in d icative  o f  
the trophic status o f  tho lake* I.innoinline ndakemianus
occurs noro frequently  in  outrophic lakes, although i t  
io  also present in some o ligo trop h ic  once* Llmnodrilus 
c l  asoro do arms. on the other hand, has not boon .found 
in any.outrophic lakes so fa r  surveyed. There doos not 
Appear to  be any corre la tion  botwoon tho s iso  o f  tho 
lake and tho presence o f  th is  spacion. I t  occurs in
*>oth largo and small S*don lakes (Piguat and Bretschar, 
1913) and i s  absent from large outrnphic lakes# I t  is  
ulso absent, hovevor, from many o f  tho o lig o trop h ic
lakes here surveyed, e o p o d a lly  tho B ritish  ones.
The presence o r  absor.ee o f  th is  species nay therefore 

rela ted  to some fa c to r , such as the nature o f  the 
eubstratun, other than to  the trophic status o f  the lake#



2) The d istrib u tion  o f  blmnodriluo In re la tion  to  sa lin ity

Ho species o f  Tdnnodrilus is  known to 1)3 able to 
ourvivo under marina conditions» The yenu3 S3 a whole 
is  s t r ic t ly  frash  water in  i t s  d is tr ib u tion , but there is  
evidence that L .hoffm elsteri is  nora tolerant o f  snlina 
or  brackish conditions than other species o f  the conus. 
•Moore (1905) recorded th is  species (as L.anbsnlsus) 
in estuarine waters that.bocone brackish at flo od  t id e . 
Chen 01940) recorded i t  as T ,.aacificus in frash water 
'bodies alone the sea shore where the saline content o f  
the water was undoubtedly hiyh. Brinkhurst and Kennedy 
(1962) recorded T<.ho^.fmaistarl from saline conditions 
in an estuary in tha Is la  o f  Han* Kennedy (1964)
Records tha presanca o f  this, species in ditches in a 
Marine sa lt  marsh. There is  no.evidence that other 
epocleo o f  Limnodrllus at'a able to to lera te  sa line
conditions,
3) The d istribu tion  and abundance o f  Limnodrilus in 

re la tion  to  p o llu tion ,
a) Organic r>oilution.

The e f fe c t  o f  organic p o llu tion  on tu b if ic id s  
has bean described and summarised by Hynes (1959»1960)
&nd Brinkhurst ( in  p ress ). The fo llow in g  account has 
^•en.compiled from those works. Llmnodrilus h cffm e le ter j 
is  ona o f  tha most resistan t spacias o f  tu b if ic id s  to
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organic p o llu tion . I t  is  one o f  tha la s t  ti^o 
species to  disappear when tha da/yrae o f  p o llu tion  reaches 
a tox ic  leve l*  I t  is  a lso one o f  the f i r s t  species to  
re-appear in  the recovery stages. Whilst i t  nay be 
absent immediately below a source o f  p o llu tion  i t  
nay reach vary lar^a nunbers in  tha region  where I ts  
predators are s t i l l  absent.

hlmnodrilus udekemlanus i s  only s lig h t ly  le s s  
resistant to organic p o llu tion  than L .hoffm alstarl»
^ts nunbers increase with the decree o f  pollution^, but 
i t  disappears before and re-appears a fte r  L .hoffm alstari.

Tilnnodrilns olan^redeanus seems to be more 
sen sitive  to po llu tion  and to occur nninly in unpolluted 
h ab itats. I t  appears to be able to withstand sligh t 
P ollu tion , but probably only i f  the oxycen le v e l  i3 
^ifth, L it t le  i s  known o f  the tolerance le v e l  o f  L lcerv lx l 
^ut  i t  i s  common in polluted  waters in U, S. A. ( Brinkhurst 
P srs.conn .) Nothing is  known hoi »aver o f  the re la tion sh ip  
between L .helveticu s and organic p o llu tion .
**) inorganic p o llu tion .

The e f fe c t  o f heavy netal ions on Tnhjfex was 
^viev/ad by Jonas (1938). The id a n tifica tio n  o f  h is  
®PQcinan3 is  somewhat suspect and i t  is  probable that at 
Isast one species o f  Linnodrilus was present in h is  
G ollections. He showed that copper was le th a l to



tu b if le id s , “but that the re la tion sh ip  was a complex 
one and that the presence o f  other ions could grea tly  
Influence tha survival rate o f  the specimens. A 
wore d irect e f fe c t  o f  copper was shown by Pentalow 
and Butcher (1933) in  the R.Churnet, Hare, immediately 
below an e fflu en t containing copper ions no tu b if ic id s  
were present* vheroas they were fa ir ly  common above 
the e fflu e n t . A survey on the aana r iv e r  was carried  
out in 19 ¿JO by Hr. J. B, Learning  ̂ and the author was 
kindly permitted to  examine the tu b if ic id s  co lle c te d  by 
him. A sim ilar pattern to  that observed by Pentelow 
and Butcher was found. Above the e fflu en t B .h offn eIsteri 
was one o f  the commonest species o f  tu b ific id *  but 
b.udaberrtianus a lso occurred in small numbers. Immediately 
below the e fflu en t no tu b if ic id s  were present. 
bimnodrllus h offm eisteri was one o f  the f i r s t  species to  
appear downstream but L.udekanianits did not appe ar fo r  a 
considerable distance.

The e f fe c t  o f  lead and arsenic upon a tu b if ic id  
Population in Haby pool is  shown in table 8, although 
here i t  must be emphasised that the evidence fo r  the 
influence o f  tha metal ions is  circum stantial. Between 
March and July 1962 the mean number o f  specimens per 
Saftple flu ctuated , but no pattern was observable in  
IhesQ flu ctu a tion s . Prom la te  July to  October the



Th& seasonal' changes in abundance of the 
t u b i f i c i  da In Baby pool»

TABLE 8

.1962 -
Ho nth M H A M 1  £  Ü . ¿ I  A, S S O H |  F

Haan
ñmBer o f  : ■ -
s^cÍTOns 89 116 77 100 33 135 108 73 64 55 13 25 6 8 12
par
amnia ■ ' '

Tha fo llow in g  spa cia  s o f  tu b if ic io  vara present^ in  the pondi- 
h .h o ffh a is to r il L«halvaticn a¿ L« c l  abrade anuo I T .tuhjfe x.

1963
M A H

4 10 3
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population decreased in  s iz e . Between October 
and November a further decrease follow ed, and from 
November u n til the termination o f  the sampling programme 
in  Hay 1963 the population remained at a con sisten tly  
low le v e l .  The size  o f  the popu lation  in  March,
April and May I 963 was considerably smaller than in  
the corresponding months in 1962« I t  appears that 
some fa c to r  cane into operation In October 1962 when 
the s ize  o f  tho population was already d ec lin in g  and 
operated in  such a manner that the decline continued 
into November and maintained a low le v e l  u n t il  the 
termination o f  the sampling programme.

This fa c to r  i s  thought to be inorganic po llu tion  
due to  lead  arsenate. The pond rece ives drainage from 
an adjoining g o l f  course. In  October 1962 parts o f  the 
course were dressed with lead arsenate to  remove 
earthworms. In  the fo llow in g  month the size o f  the 
‘fcubificid population in  the pond decreased to  a very 
low le v e l  and several dacaying specimens vara observed 

in  the sample. In  February; 1963, i t  was apparent 
that the population size  was being maintained at th is  
l®wer le v e l  than in  the previous year, but not u n til 
March was i t  rea lised  that the g o l f  course had been 
^ith to x ic  chemicals. v/hen th is  was appreciated a 
oomple o f  the substratum was analysed; but the 
M ou lts  did not show e ith er  lead o r  arsenic to  be present.

I
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tes ts  fo r  load and arsenic ara complex, and th is , 
together with tha pitibabla minute concentrations o f  
the ions, nay explain  why tha resu lts  vara negative* 
ih is  cannot, howaverj ha talesn as conclusive proof 
that the ions were absent. The g o lf  course was not 
brassed in  1961 or  1962* The higher density  o f  tha
Population before the application  o f  th is  toxin* the 
do d in e  o f  the population; tha presence o f  decaying 
specimens in  the month fo llow in g  i t s  app lica tion  and the 
persistent low le v e l  o f  the population in  the subsequent 
Months a l l  suggest that lead arsenate was the fa c to r  
Posponsible fo r  the decline in the population in  the 
Pool. There i s  no d irect evidence fo r  thls^ however^
80 i t  cannot be proved con clu sive ly  that th is  was the 
fa cto r  responsible f o r  tha observed population decrease.

4) The d istrib u tion  p |J Llnnodrilus within a single l o c a l i t y .
In the proceeding sections the d is tr ib u tion  o f  

ifa n o ^ U n a  l n several habitats has been considered^ and 
an attempt has been made to  re la te  the presence o r  
obsenco o f  T.innodrilus to  the nature o f  tha habitat. In 
^ i s  section  the d istrib u tion  o f  binnedrilus within a 
single l o c a l i t y  i s  considered in d e ta il, by reference to 
studies in throe d iffe ren t s ite s .
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The f i r s t  o f  those is  a study o f  the d is tr ib u tion  
o f  tha tu b ifIc id s  in  Sweat Mare  ̂ a sn a il eutrophic lake*
A dascription  o f  tho nera and i t s  vegetation  is  given 
by Sinker (1962)* Seven samples were taken by naans o f  
an Bkman grab at d ifferen t;dep th  stations in  a single 
afternoon and a l l  the ollgochaetas from each sanplo 
examined. Tha resu lts  aro shown in table  9* •-ha 
vegetation at each sta tion  d iffe re d , but tha substratum 
was sim ilar at a l l  station s and d iffe red  p r in c ip a lly  
in the amount o f  vegetable detritue present. Nevertheless 
the re la tiv e  and absolute abundance o f  L»h o ffme1s te r i  
varied considerably from sta tion  to station  (tab le  9b ),
^he re la tiv e  abundance o f  T-. hoftnn1a teri v a r ied from 
0,of, ~ 63. 5f> and tha absolute abundance from 0 >  106 per, 
grab in the course o f  seven samples, There is  no 
obvious corre la tion  between these variations and the 
hature o f  the substratu.mi the vegetation present o r  the 
depth at each sta tion , Thus^ in  nn apparently uniform 
habitat in  vhich only two species o f  tu b if ic id  are 
present the d istrib u tion  and abundance o f  each species 
ftay vary in a manner unrelated to  any observable 
ch aracteristic  o f  the habitat.

The second lo c a l i t y  studied was tha H,Thanes at 
Reading, Fourteen species o f  tu b if ic id  are known to 
occur in  tha r iv e r  in  th is  region , A survey by 
hrinkhurst ( I 960) showed that in  four transects across 

the r iv e r  there is  no apparent rela tion sh ip  between the



The tu b if ìc i '!  fauna o f  S^oat Here on 
15 July. 19<a '

a) -Dasprintion o f the collectin '? stationsf r,.: ■« ir'“™r_Tr ....  ---it-— -̂r.-a .1 j r-ii.j-i. ̂ .t n - ..
Station Depth Dea«eription  o f  substratum

1 . Tynhg bade 2 f t . Pine nud and Tynha debris
2. '.Rvnphaaa‘ bed3 2 f t . Pine mud but la s s  debris

*..: . ... than.in  1 -- • , ’
5 3. Carer beds 1 .5  f t . Pine mud, lar^e amount o f  

plant debris
4. Nymphaan bads ' 2. f t . Pine mud, l i t t l e  debris
5* ’beds 3 f t ,  "Pine.’ mud, lar^e mount o f

... : . plant debris
•̂■■Typha beds 3 .5  f t .  Pine mu*, larye amount o f

plant debris .
7* Open water 6,0 f t .  Pine raid, l i t t l e  debris,

*>) The .percantn/te eorvnpsltinn o f  the tu h if ic id  fauna. 
speciea _ _ Station „

Mmnodrlina h o ffn e la te r i 60.0 63.0 0.0 50.0 63.5  0.0

S all^odrilus hanmoniensis 40.0 37.0  0 .0  50.0 36.5 100

^St...al' number o f  spesimene 7 ..171 0 S 69 9

1
14.0
86;o

43
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presence and absence o r  abundance o f  a species and any 
o f the physical ch a ra cter is tics  recorded at each station , 
^is resu lts  are confim ad in the present survey. In 
table 10 the re la tiv e  abundance o f  each species o f  
hinnodr-n nn alons a single  transact in  the R.Thames 
(resu lts  from a l l  stations combined) i s  shown fo r  two 
successive years. The re la tiv e  overa ll abundance o f  
each sp ecies , except 1.« udakemianusl was very sim ilar each 

despite the greater number o f  specimens examined 
3-u 19<32. The increase In the re la tiv e  abundance o f  
htUdaVamianus in  1962 i s  due to the in clu sion  in  th is 
transect o f  a station  not sampled in  the previous year 
^  which th is  species occurs abundantly. The re la tiv e  
abundance o f  each species at each station  on the transect, 
however, d iffe re d  in the two years (tab le  1 1 ) despite 
the constancy o f  the re la tiv e  ov era ll abundance. No 
Pattern is  d iscern ib le  in  these d iffe ren ces , There i s  
ft° evidence o f  an increase o f  any species at a l l  stations^ 

o f  a l l  species at any one sta tion . Thus in  a 
^on-unlform habitat the ov era ll proportion o f  each 
sPocie3 present remains fa ir ly  constant in  successive 
years, but the proportion o f  each species at each 
®tation may d i f f e r  in a manner that cannot be correlated  
vith  any observable physical ch a ra cter istics  o f  the 
fticro-habitat.



TABUS 10

Tha relativa ohrmdanca of tha s-naoiaa 
of Limo'lrllna nlory^'a trnnaact ocroso 
tha R.Thonaa ot Reading.

Sraclao Abundance'<vf each ooecìas expressed
no a re rea irto "0 o f  t ha t o t al rumber
o f  oracimera examined.
*>0 cambar 1961 .9acambar 1962

le ce r v i* * 6 . 6 7:0

2l* ho f. fma i  ot o r i  „ 2 0 . 6 ' 1 v 14:7
Ìijì.olM-n^rodaanua • 5.8 1 .7
IisJi^okonionua 3.7 21.4
Mn.no dr-n un ìndat. 9.2 1 1 .6

2í?tal nuribar o f  
.apa olmo »Pi examined. oCM ;  ̂ ■ 997
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fho relativa abundance o f the species o f  
■ 'Lirmodrilus at each station along n transeQt ~ 

aerosa thè R« Thanaa et Reading.

Ite cambar' 19 fil
specie a Yards from Forth Barile

i  i  m  m 62 J 1
l ic e r v i* 10*0 5*0 0^0 8*3 917 fi. 0
iìiMffmo in te r i 20.0 1 «?  20.0 8*3 19 .5 28,0
liiPilnrifsre deanus 12.0 3 .8  5.7 ifi .7 2.4 2;o
Ji&udakamlamis 0.0  9*6 2*9 0 .0 0,0 fi.O
Lihripdriluo indot. 2.0 7. 7 17 .2  ä 25. 2 1 2 .2 fi.O
Humber o f ■specimens 50 52 35 12 41 50
33em nhd................
JkcSnber lofio
j& coles : Yarda from Forth bank

/■ -V 3, S  12 . .  .32. 69 .21
b« cervi y 2, fi 4 .8  i c i 2 3 6 .1 12.5 0.0

hjjiof fru is te  r i 5 .2  43.4 10 .412 .7 in ;? 4 .5
3¿g_cl amrede anus 0 .8  2.4 1 .3  0.0 0.0 3 .5
ïiirideîcami anna 0.0 0.0 0.0 0.0 0.0 6 fi. 5
lâ ® o  dril us inda t . 6.9 7 .2  11 .7  6.4 15.7 fi. 5
Ijrimbar o f  spa cima na 116  42 7T 47 64 200
Iluminad ~ J'T r"~~ri~~ '
^ha abundance o f  each s p a d e s - is  expressed as a percentage 
° f  the t o ta l  number o f  specimens o f  a l l  species examined«
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The th ird  lo c a l i t y  studied was a small 
tributary o f  M tton  brook, A ll samples vara taken on 
ona day, Three stations (Aj 33, and C), approximately 
25 yards apart ware chosen. Observation revealed no 
diffarenceo in  the rate o f  flow  or the nature o f  the 
substratum bott/een each sta tion . Five samples ware 
taken at each sta tion ; ona in  the centre o f  the stream (3)» 
one on e ith er  s id e , below water le v e l (2  and 4) and one 
°n e ith er  side at water le v e l ( l  and 5 ). A sin,£Le 
samplet TO., was taken in  the centre o f  the stream where 
3-t entered D itton brook. The percentage composition o f
tu b if ic id  fauna in  each sample9 based on the examination

y ■ *
° f  oubsamples o f  100 specimens, i s  shown in table 12.
Nith the exception  o f  B5 and 05 B .h o ffh e la ta ri i s  never 
the dominant species. Apart from these two samples the 
i'e latlve abundance o f  1 ,hoffm alatari varies from 22,0^ -  
48,0$^ There i s  no evident corre la tion  between the re la tive  
abundance o f  each sp a d es  and the position  o f  the sample. 
Nevertheless^ a s t a t is t ic a l  analysis o f  these resu lts  
°ho\^d that the p rob a b ility  o f  the observed d istrib u tion  
and abundance o f  those two spocies bein^ due to  chance 
alone vas lo s e  than 0 ,001. I t  is  evident, thereforei 
that soma fa c to r  o r  factors^ as yet undetected, influence 
the d istr ib u tion  and abundance o f  the species within th is  
R e a l i t y . •s

In  oontrast to  the s itu ation  in  the R.Thunes^ several 
aathors, notably R so ska (1936), Sscsepanski (1953)*



The percentage conrosltion  o f  the tn b if ic ld  
fauna o f  n refill tr ibu tary  o f  TJitton Brook 
on 21 Kovenbor I960«

■Ration Sort pie Tubifex tn b lfe r  lirm odrilu e
T ” 'libTfna i  o’ia r i

A 1 52.9 46. 6
2 55.0 44.0
3 , 70.0 30.0

’ 4 56.1 43.3
5 78.0 22.0

, 1 65.2 34.0
2 64.0 36.0
3 51.9 43.0

, 4 , 60, o 40.0

5 38.6 67.4
o ; ■"■ i 55.6 42.4

2 57.9 42.1

3 53,0 42.0
4 61.8 33.2

5 33.0 60.0

^ 1 66.1 33.9

An analysis o f  the 'ofeove resu lts  gave a chi^ value o f
^•456 to 15 dagraas o f  freadon. Tha p rob a b ility  value 
lma len.3 than 0.001*
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Balia'.Croce (1955) and C rl-e lin  (1958,1960 have noted 
correlations between the presence and abundance o f  
specie« and the nature o f  the substratum within a single 
lo ca lity *  Saesepanski (1953) and C rinells (1961).
considered that the substratum was the most important 
fa cto r  in determining the d istrib u tion  and abundance o f  
tu b if ic id s . Ttalla Croce (1955) studied the rela tion sh ip  
in  considerable d eta il and claimed to have discovered a 
causitive re la tion sh ip  between the substratum and the 
abundance o f  the opecios* Brinkhurst (in  press) has 
claimed, usln^ P ella  Croce*s figu res , that no such 
Relationship exists*

I t  i s  evident, than, that within a single lo c a l i t y  
■there nay be a su p e r fic ia l re la tionsh ip  between the presence 
o f  a species and the nature o f  the sub stratum. More
Usually i t  appears that no such rela tion sh ip  e x is ts ,
Within a non-uniform or an apparently uniform habitat 
"tile proportions o f  the species present may vary in  a 
banner unrelated to  any physical ch a ra cter istics  o f  the 
habitat. Over lo n j  periods o f  time the re la tiv e  
Proportions o f  the species may remain constant^ although 
ut any one tine considerable sp a tia l varia tion  may be 
found, The existence o f  such a lar^e deo^ree o f  v a r ia b ility  
within a single  lo c a l it y  presents many problems in the 
E le c t io n  o f  a suitable sampling technique^ a point 
which w il l  be discussed more fu l ly  in chapter 5. I t  i s
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avident that a single sample nay give a t o ta l ly  fa lse  
picture o f  the species present and th e ir  abundance, and 
that several samples must bo talcen in  each lo c a l i t y .
®he labour involved in th is  procedure has prevented 
the abundance o f  Limno drill ns being considered in  the 
current section .

O) DISCUSSION
One o f  the major aims in  the present study was to 

determine whether any d ifferen ces  ex isted  in the d istribu tion  
o f  the species o f  Limnodrilns. The problem haa been 
approached by studying the d is tr ib u tion  o f  Lirtnodrilua 
in areas o f  progressively  decreasing s iz e , and by attempting I 
io  d iscover the fa cto rs  responsible fo r  the d istrib u tion  
o f  beach species within each area.

A study o f  the geographical d is tr ib u tion  o f  the 
Gsnug shoved that some species wore apparently re s tr ic te d  
io  certa in  zoo-geograph!cal regions^ while others were 
cosmopolitan. She d istr ib u tion  o f  B, grnndiaetosns and 
¿¿iiiaotroT)icnsf the two most re s tr ic te d  sp ecies , was 
^ t  considered any furth er. The remaining fiv e  species

the genus occur in Britain* A study o f  th e ir  d istrib u tion  
^  th is country suggests that two o f  them have recen tly  
^sen introduced. Limnodrilns cerv ix  appears to be a

a rct ic  species now spreading throughout the canal system



and L»helvotlcus a palaearctic species, hitherto confired 
to the continental mainland, hut now established in Britain. 
Since loth species s t i l l  appear to he la the lim itation  
stape of invasion their distribution in Britain m s not 
considered any further. The remaining three species 
are widespread throughout the country, hut B. wdekednnus 
and I .  cl arbore de anus show evidence of be Ins patchy and 
wore local. .

The rela tion sh ip  between the d is tr ib u tion  o f  these 
three species and the a b io t ic  fa ctors  o f  the environment 
was thon considered in detail* Correlations hove been 
noted between the d istr ib u tion  o f  the species and some 
©herdcal' fa c to rs , such as s a lin ity  and n ota i ions.

spite the existence o f  such corre la tion s^  however, i t  
i s  s t i l l  not possib le  to recognise the habitat preferences 
o f  each sp ecies . A ll three sp a d es  occur in  a l l  types 
o f  habitat examined, although the occurrence o f  
h. udoTr.enianiand L. claparsdeanus vas more sporadic than 
that o f  L lh o ffn e ie te r i; The attempt to  recognise 
habitat preferences was considerably hampered by the 
in a b ility  to consider the abundance o f  each species in  
oaoh h abitat. Studies in the lite ra tu re  suggested; 
that the nature o f th3 substratum night be o f  importance 
*n th is  respect, os corre la tion s between the nature o f  the 
substratum and the re la tiv e  abundance o f  each species 
^avs been noted by authors on several occasions.
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Factors U n it in g  the d istrib u tion  o f  tha camis 
as a \;hola were noted, but it 'p roved  impossible to  
recognise fa ctors  that U n ited  the d istr ib u tion  o f  
individual sp ecies . That such fa ctors  nust e x is t  i s  
ovidant from the res tr ic ted  d istrib u tion  o f 1 .udqkanlanns, 
and b.ola-n arc da anus. Tha absence o f .mono s p e c if ic
populations o f  o ith ar o f  these two species s u r e s t s  that 
th e ir  e co lo g ica l rerjuiranants nay ba the sane as those 
o f  K h o ffh e is te r i  but that th e ir  tolerance l in it 3  nay 
ba nora re s tr ic te d . I t  appears, theh, that with a 
few exceptionsi a b io tic  fa ctors  aro o f  l i t t l e  inportanoe 
in  determining tha d istrib u tion  o f  tha species o f  
iin n od rlln a ;  This is  con fim ed  by studios in  apparently 
un ifo m  habitats in which i t  was shown that the re la tiv e  
abundance o f  T ..hoffnslstgrl in  particu lar varied In a 
wanner unrelated to any observed a b io tic  fa c to rs , but 
that such variations wire un likely  to ba due to  chance 
slona. Sven in an obviously  non-unifom  habitat i t  
'■•’as found th atj despite a su p e r fic ia l appearance o f  
l a b i l i t y ,  the ro la tiv a  abundance o f  a l l  the species 
o f  Hmnodrllns and th e ir  d istrib u tion  varied in a 
Wanner that could not ba related to observable a b io tic  
fa ctors .

From tha foregoing remarks i t  is  evident that i t  
Way v e i l  ba b io t ic  fa ctors  that are Important in 
determining the d istrib u tion  and abundance o f  tha species
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o f  Tiinnodrilus. L it t le  i s  known about the rela tion sh ip  
between any species o f  tu b if ic id  and the b io t ic  fa ctors  
o f  th e ir  environment# The e f fe c t  o f  parasitism  on a 
population o f  Llmnodrilua w i l l  be discussed in  Chapter 6.
I t  w ill  be shown that th is  i s  n e^ lic ib le . The lite ra tu re  
on predation is  sparseJ and nothing can be said about 
i t s  possib le  e f fe c t s .

The b io t ic  fa c to r  that appears most l ik e ly  to  
influence the d istr ib u tion  and abundance o f  the species 
o f  Jdnnodrilns i s  the a v a ila b ility  o f  a su itable food 
suPPly# The exact nature o f  the tu b if ie id  food is
unknown. They are known to feed by iry^estins the 
substratum^ d icestln ^  only the organic detritu s o r  
bacteria  present# Poddubnaya (1961) has shown that the 
nature o f  the substratum is  o f  importance in  the feeding 
behaviour o f  the tu b lfie id 3  and that a lt  ho some decree 
o f s p e c if ic  s e le c t iv ity  may occur d iffe ren t species 
appear to invest p a rt ic le s  o f  sim ilar size  and nature* 
Nevertheless, the p o s s ib i l ity  that d iffe ren t species 
ttny be u t i l is in g  d iffe ren t components o f  the food matter 
r®mains. I f  th is  i s  soj corre la tion s observed between 
bhe abundance o f  a species and the nature o f  the substratum 
nuy be exp licab le  in terms o f  the abundance o f  the food 
SuPply in  d iffe re n t types o f  substratum# Sim ilarly,
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the d ifferon cas in tha re la tiv e  abundance o f  species 
in  an apparently uniform habitat nay be related  to  
h itherto undetected d ifferen ces in  the natura o f  tha 
food supply* I f  I*udakemlanus and 1*claparedaanus 
hava a noro ra str icta d  food pra fa ranee than I., hoffm aistarl 
i t  nay explain  th a ir  ra str icta d  d is tr ib u tion  and th a ir  
re la tiv e  paucity^ vhera they do occur. At present the3a 
are only speculations unsupported by any d irect evidence 
butj ^ ith  tha fa ilu re  to  explain  tha d istrib u tion  and 
abundance o f  linnodrilua  in  tarns o f  a b io tic  fa cto rs , 
they provida a possible explanation fo r  tha observed 
facta  and hanea require fu l le r  investigation*
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4.1f

TII3 GROWTH Aim RlSPHOnUCTIOtl 0? IMTTTOTimUS

Since one o f the primary a im  o f  tha present study 
vfaa to  investigate tha l i f e  h is to r ie s  o f  tha ops clan o f  
M nnodrllns a knowledge o f  tho growth and reproduction 
o f  the species was obviously necessary, These aspects 
o f  tho "biology o f  Mmnodrllus hava "boon l i t t l e  studied. 
Knowledge o f  the l i f o  h is to r ie s  and o f  tha reproductive 
behaviour in  tha genus 13 "basad prim arily upon infarenee 
from the morphology o f  the g en ita lia  and from observations 

other genera. Accordingly^ an attempt has bean made 
boro to  c la r i fy  certa in  aspects o f  tha growth and 
reproduction o f  Linnodrllua that vara considered to ba o f  
kftportance i f  an understanding o f  data derived from f i e l d ’ 
observations i s  to  ba arrived a t. In particular^ 

was eonsidared that mora information was naeded on
4

^ th od s o f  aga determination; on tha length o f  time 
sParmatophores v/ara 'retained in tha sperm at ha c as; on 
the degeneration o f  the gonads a fte r  breading and on 
the extant to  which asexual reproduction occurred. Most 
° f  the observations were made on h .hoffm alsterli as 
E f f i c ie n t  specimens ware rea d ily  obtainable at a l l  
times o f  the year.
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a ),TI03 GROWTH OP TJIfITOTOUTS HO??iniSTTSRI.
In studies on invertebrate l i f e  h is to r ie s  both tha 

length and,weight o f  individual specimens have frequently 
been used as ind ications o f  th e ir  ace and to  determine 
Crovth rates (Hann# 19£>li Reynoldcon, I960). In an 
analysis o f  any animal population i t  i s  obviously  desirable 
to be able to racognise age c la sses . Doth length and 
weight provide e a s ily  measurable c r it e r ia  o f  these since 
both normally increase in  a d e fin ite  re la tion sh ip .

In  the cane o f  tu h lfic id s , however, there are 
serious ob jection s  to the use o f  both c r ite r ia . Both the 
length and weight o f  a worn depend not only on i t s  age 
but a lso on i t s .con d ition , Regeneration o r  autotony, 
both o f  which occur in I,.h offm eisteril w il l  upset the 
formal length  or  weight t o , age re la tion sh ip , Furthermore f 
bhe preserving agents in use fo r  tu b ifie id s  generally 
Cau-'o shrinkage and frequently  «Iso  d istorsion j making 
length measurements - very d i f f i c u l t ,  ■■ {Phase- la t t e r  ,■ ■ 
d i f f i c u l t ie s  could be overcome by examining l iv e  specimens^ 
but th is  involves considerably greater labour. I t  i s  
Considered, thereforeJ that neither length nor weight 
arci su itable c r it e r ia  fo r  .age, determinations o f . specimens 
° f  himnodrilus. . . . ,  ,

In  a search f o r  a lternative characters that 
increased with age, attention  was drawn to  the number o f. •’ .... a. ... .. -
segment a and the number o f  cheat ao per bundle. Since





• Sba relationship between the averafe number o f chsetae pep 
^d le la the enterior dorsal Foments* the state of maturity and 
516 ae© of specimens from a laboratory population i f  1« hofflaelsterl 

In snndy mud* Solid segments indicate breeding specimens,
holif«,™ sepzmnts mature and immature ones# The number given above 
^  ^hth.is the number of specimens examined* •

Firntro 15
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The relationship between the arerai number of cha eta© per 
^ l e  la the anterior dorsal se^noats, the state of maturity and 
^  Qco of specimens from a laboratory population if L»„ hoffaeisteH 
^iitg la rand*

?ox explanation of symbols see figure 15*





TM.3 is  shown c le a r ly  in the f ig u r e s .fo r  Juno to 
September fo r  both cu ltureaf ns by th is  t ir o  no further 
increase in  tha number o f  specimens occurred. The 
increase in the sisa o f  the population was slower and
tha tin s  taken fo r  tha chaatal number o f  5 /6  to  ha■*

attained by tha m ajority  o f  specimens took lon ger fo r  
tha spa oilmans on the muddy sand ( f i f f .  15)* Tha rata o f  
addition o f  chaatae is  thus nlso influenced by tha 
nature o f  tha substratum. A specimen with a chaatal 
number o f  5 may therefore ::be-from la s s  than 1 up to  6 
Months o ld . These observations ( f ig s .  15 and 16) 
confirm tho e a r lie r  ona (tab le  1)^ that tha chastsi 
number o f  mature specimens is  higher than that o f 
immature onos, but eiiows c le a r ly  that a considarable 
overlap may e x is t . •?./■ :

\ ■ Tha change in  chaatal.number a fte r  b reed in g ,is  ; 
shown more c le a r ly  in f i g .  15. during the breeding 
I^riod the chaatal nunbor increases and a fta r  breeding
i t  may continue to  increase up to  9 (^oc. to Feb.»*■
a«d March to  A p ril) . O ccasionally specimens with a 
ohaetal number o f  10 have been encountered (table l ) *
This appears to be the maximum atta in able . Observations 
c f  iso la ted  s'neciraens has shown that at th is  stage the 
cpecinons e ith er  d ie# o r  the chaatal number s ta rts  to  

decrease, fa l l in g  to 5 o r  6. The worms are than



indlstinguishable from immature ones, I t  may be 
concluded that although th e . ch.net al number does increase 
v ith  the age o f  the specimens, i t  i s  unsuitable fo r  
datam ining the age o f  individual specimens. I t  i s  
Els o  unsuitable fo r  d istinguish ing immature specimens 
from specimens,that have already bred.

At present, th erefore , i t  is  not possib le  to  
separate n population o f  T>,hoffmelsterl in to  ngo 
classes, The most that can bo dono in  th is  respect 
l*3 to  separate the population into classes based on the 
state o f  m tu r it y : o f  the .specimens,, since breeding ; 
aud mature specimens are o lder than immature ones,
^his must be considered fa r  from sa tis fa cto ry  but no , 
Alternative is  yet p ossib le .

I t  is  convenient at th is  stage to  r e fe r  b r ie f ly  
the vorlc o f  Poddubnaya (1959» 1963)* Iw considering 

imputations o f  Tnblfox novaensis she vms able to use 
length and weight in  order to distinguish  age c la sses , 
^hie species is  rea d ily  id e n tifia b le  a liv e , so that . 
mAny o f  the ob jection s  raised e a r lie r  do not apply here,
O*,
uflQ Used the length and diameter o f  Individual chsetae 
as c r ite r ia  o f  age, and found a re la tion sh ip  sim ilar to  
^hat o f  the chaetal number and age. She a lso  used 
"fche biomass o f  h ,hoffm alateri to demonstrate the changes 

the structure o f  a population, but divided the 
aPocinan3 into the sane three groups o f  immature, mature





sparm thecal poros than appear. Aftor tha appearance 
o f  the n a le ’ pores the ch ltinous penis sheaths develop» 
The ataces in  development o f  a shaath are shown in  
fiff . 5. The head i s  la id  down f i r s t .  'Increase in* 
length and thickening o f  tha v a i l  are "brought about by 
the a c t iv ity  o f  the c a l ls  o f  the invagination o f  the 
body v a i l ,  e sp e c ia lly  those c lo se  to  the base o f  the 
sheath. The invagination n ecessarily  penetrates deeper 
into the body ca v ity  as the sheath lengthens. There is  
very l i t t l e  increase in  tha width o f  the sheath o r  in  
"the thickness o f  i t s  v a ils  as i t  lengthens. Sven in  
h lce rv ir  the v a i l  develops to  i t s  f u l l  thickness at an 
Oarly stage. ‘ The devslopnent o f  the penis sheath takes 
Place vary rap id ly . .. . . —

The present study most o f  the specimens r-rare • 
cleared in Arman's lactophanol fo r  examination. Whilst 
th is rendered tha ehitlnous structures rea d ily  v is ib le  
■̂t often  proved d i f f i c u l t  to  see other d e ta ils  o f  tha 

So n ita lia . Accordingly J only three stages o f  maturity
aro recognised here. The f i r s t  stage is  that o f  
^m aturity, before  the penis sheath has appeared. The 
Second stage i s  that o f maturity, whan the penis sheath 
has appeared. ‘ The presence o f  tha sheath alone i s  
taken to  ind icate th i3  stage, and no ‘ hecount i s  taken o f  
*ts length. The th ird  stage recognised i s  that o f  

h ead in g . This is  recognised by the presence o f
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spormatophores in  the spsrrvithec ao, s ig n ify in g  that 
copulation has taken place* As explained in the 
Previous section  i t  is  not possib le  to sub-divide the 
immature stage or  to  recognise a poot-breo di ng stage.

Ac cord inf: to the views o f  e a r lie r  authors, 
hiparentel reproduction, due to  re c ip roca l fe r t i l is a t io n , 
is  the predominant method o f  reproduction in  M nnodrllus« 
Ihlo view i s  based upon in d irect evidence and on 
inference from the anatomical orriiuigonent o f  ̂ the con it a lia . 
Spermatophores wero always considered to have been 
formed from spam  from another individual. Gavrilov, in 
a series  o f  papers (1931 at s e q .) ,  has chaLlengad th is
viau and has shown that s e l f  fe r t i l i s a t io n  is  not only*
Possible but a lso common in sons species o f  T.lnnodrllus.

In 1 .udekemianua. Gavrilov (1931» 1935» 1949) showed 
that s e l f  f e r t i l i s a t io n  took place by autocopulation.
'¿’he penis , tuba was so short that by bonding the worm 
could f e r t i l i s e  i t s e l f .  The existence o f  uniparental 
Reproduction In L .h o ffn e is te r i and L. clararedeanua 
v^s a lso  demonstrated (G avrilov, 1931) but no suggestion 
v?as made at that tins as to i t s  mechanism. Later 
(Gavrilov, 1939, 1940) i t  was suggested that s e l f  
fe r t i l is a t io n  o r  parthenogenesis va3 equally p oss ib le .

a review o f  the subject (G avrilov, 1959) It  was 
Considered that auto copulation was most u n lik e ly  owing 
to the length o f  the penis tubes in these two sp ecies .
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Ha considered that naif f e r t i l is a t io n  i . e .  f e r t i l is a t io n  
o f  tho eggs in  the cocoon while the cocoon was in  the 
process o f  formation, o r  fe r t i l is a t io n  o f  the eggs in  
tho ov isac, was more l ik e ly  than parthenogenesis. I t  
was stated, however, that when speraatophoroa %!sra 
present they were probably formed from tha spam  o f  
other Individuals. I t  must he presumed that th is  renarfc 
did not apply to  L.udakenlonua whers s e l f  copulation 
is  p ossib le . v' ;; -  : !'

Gavrilov * a conclusions were based en tire ly  upon 
laboratory experiment and observation, so the extant to  
which uniparental reproduction occurs in the f ie ld  is  
s t i l l  unknown, ; Sven i f  i t  does occur to an ygroat 
extent, i t  does not invalidate the category o f  breeding 
sPeclraans as understood by tho author. The'presence 

apexiaatophoreo i s  s t i l l  an ind ication  that copulation 
kas occurred, • ■ There remains-the p o s s ib i l ity  .that -■ 
specimens assigned to the nature class because o f  the 
absence o f  spematophoros m y  in  fact, have;undergone 
s e l f  f e r t i l i s a t io n .  This can not b e ;detected by th e : 
present methods o f  examination. Sincei however, in
* ie ld  populations large numbers o f  nature specimens 
Vert nearly always follow ed by large numbers o f  breeding 
specimens, i t  was concluded that I f  uniparental 
^ p rod u ction - did occur i t  did not do so to  any extentJ 
&nd i t  was accordingly ignored. Specimens were
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occasion a lly  encountered in which the g en ita lia , 
including the penis tuba, were not fu l ly  developed, 
hut which possessed sperrmtophoros. This appears to  
he evidence fo r  non -reciproca l copulation^ hut i t  
occurred only in  appro x i nat o ly  0*02;.' o f  a l l  spec ins n3 
«xaninad*

Since the presence o f  spernatophores was taken 
to indicate that copulation had occurred, i t  i s  obviously 
o f  importance to know how lon~ they are retained in  the 
opairmthocae. Accordingly, brooding specimens were 
talc«® from f ie ld  populations and observed at regular 
in terva ls In the laboratory* The resu lts  o f  these 
observations are shown in  Table 13* i t  must be 
omphaslaed that th is  only Indicates the minimum period 
fo r  which oparnatophores were retained, as there was 

way o f  knowing how lon,p they had been present before 
the specimens had been co llected*  I t  can be seen 
that on a sandy substratum spermatophores p ers ist  in  
some individuals fo r  up to lh monthsJ but that the 
^ j o r i t y  have disappeared a fte r  two weeks* On a muddy 
°** sandy-mud substratum the m ajority have disappeared 
h fter two weeks a ls o ¡b u t  in  some individuals they 
Persist up to a month*



Tha period o f  retention  o f  e^ernatorhores ln 
the snermatheeae o f  I^hoffm elstari l iv in g  In 
d iffe ren t ty p e s 'o f  substrata;

g.ABLB 1 ï
-4

Nature o f  sub at rat tun
Bate Sand Sandy-mud ‘ Hud

N -  T
+m*

N - 1 N T
u  Oct; 55 55
1 Hov* 17 21 - ■i ■ ■ ..

12 Nov*• 5 15
3-9 Hov; • 5 • 1 5 . . • 18 18
23 Hov; 5 15 , . 14' ; 14 4
6\ Bac* 3 15 8 -V 12 - .. ■ .

13 Bao* 2 15 , ■ 2 12 . ■ '< ...
20 Bac; - 0 r 15 . .. 1 . - , 12- -, . > . • , ..
® J an; 0 13 1 ' 12
23 Jan; 0 12 4 .. 13,. , 1 7 17
? Pah; 0 , 10 6 14# 3 . 6
20 Heb; 0

i
10 6 17 1 6

9 Har; * 1 1° , ,8
4■ 19 3 6

22 Mar; 0 9 9 . 46 • , 4 6
4 'Apr, 0 . ■ : 9 -i ■ ..■ 7 -■ f- 59 3 6
29 Apr* ^ 0 77 2 60

21 Hay 0 66

Í2¿Snd, II a Number o f specimens v ith  spermatoidores;
T es Total number o f  specimens in  the population*
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I t  i s  a lso apparent from Table 13 that some 
individuals nay bread twice within the sane season;
This i s  shown nora c le a r ly  fo r  the specimens cultured 
on the muddy substratum. The to ta l number o f  specimens 
Remained constant from 7 February to  4 April j but during 
th is tine the number o f  specimens with spermatophores 
i i r s t  f e l l  to 1 then increased again to  4. There was 
no evidence o f  recruitment into the population during 
^his period, so the only possib le  explanation is  that 
specimens had shed th e ir  spermatophores and then some 
individuals have bred again. There is  a lso evidence 

breeding occurring fo r  a second time in  the specimens 
cultured on the sandy-mud, but since reoruitmont was 
occurring in  the population th is  i s  not as apparent.
** is  shown in  f ig s .  15 and Id that individuals do 
not attain  maturity fo r  at lea st 4 monthsJ so the 
observed increase in the number o f  breeding specimens in  
February and Haroh must again be due to specimens breeding 
*or a second t in e . There i s  no evidence o f  thi3 
occurring in  specimens cultured in  sand. • In order to  
confirm th is , observations were mad® on iso la ted  specimens 
cultured in  the same three madia. The observations 
c°nfiimed tiie above suppositions. The specimens in  
^Ud and sandy-mud did breed tw ice, but those in  sand 
^hd n ot;

A fu rth er in terestin g  feature emerged from these



observations. The specimens cultured in.Band did 
not produce any young and the s ize  o f  the population 
continued to  dwindle. In contrast, young individuals 
were produced from the specimens cultured in mud and 
sandy^nud, and the size  o f  both populations increased 
approximately 4 times. As is  apparent from f ig s .  15 
and 16 ‘ the increase took place in a shorter tine in  
the population l iv in g  in mud. The three cu ltures were 
kept under sim ilar physical and chemical conditions, and 
the specimens vara a ll  taken o r ig in a lly  from the same 
lo c a l i t y .  The only d ifferen ce betoken them va3 in 
the nature o f  the substratum. I t  must be concluded 
therefore that th is  can in fluence the rate o f  increase 
o f the chaatal number  ̂ the number o f  times a specimen 
breada within each season, the number o f  individuals 
Produced and the ra te  o f  increase o f  the population,
^he im plications o f  these findings in re la tion  to  the 

in terpretation  o f  f ie ld  data w il l  be considered in  
chapter 5,

The fata  o f  individuals a fte r  breeding is  also o f 
importance to  a study o f  the l i f e  h istory . I t  can be 
seen from table 13 that^ regardless o f  the nature o f  
the substratum, there is  a heavy post-breeding m ortality , 
^his i 8 lesg  for  specimens cultured on the sandy-mud 
(33'/'), but fo r  the other two cultures is  f a i r ly  high 
(&!# and 73^)* nevertheless^ some specimens do
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developed in  1». udekemianus and l .h e l  vet ion s, “but i s  
Poorly developed in  l .h o ffm e ls ta r il 1>, c l  anaig da anus' 
and L«oarvix» In  these three species i t  i s  {generally 
l i t t l e  more than a s lig h t  sw elling o f  the epidermis 
with a few scattered p a p illa rt and is  r e la t iv e ly  
transparent. Although Poddubnaya (1959) uses the 
Presence o f  a c llte llu m  in  l .h o ffm a ls te r i as an Indication  
o f  breeding specimens, It i s  considered that the presence 
o f  spematophores ia  a more re lia b le _ c r ite r io n , Ho 
fo la tion sh ip  has yet bean established between the 
degree o f  development o f  the c l i t e l lu n  and the incidence 
o f  breeding.

A discussion  on the time taken to  a tta in  maturity 
and on the period o f  breeding i s  deferred u n til Chapter % 
I t  i s s u ff ic ie n t  to  in d icate  here that i t  appears that 
most specimens bread in  th e ir  f i r s t  year, but others 
may take two years to  a tta in  maturity. The period 
o f  breeding depends on the s ite  and the nature o f  the
substratum I t  may taka place a l l  the year round o r  
b® confined to  a short season. The average l i f e  span 
is hot known. Since most specimens tales one year to  
u^tain maturity and the m ajority  die a fte r  breeding i t  
is  estimated at one year. Some few specimens w ill  
oontinue longer than th is j but they w ill  undoubtedly 
deorease in number each year. Cernosvitov (1930)
^ co rd s  a laboratory  specimen o f T. tu b lfex  over 10 
^oars o ld .



Development in tu b if ic id s , in  coraon with tall 
o ligochaetes, i s  said to  take place in  cocoons. Cocoons 
o f L .hoffm alstari have been found and reported by 
*oddubnaya (1953) and Gavrilov (1935), and.of h.ndekaCTianus 
ond L.clnoaredeanus by Gavrilov (1935 et saq i ) .  Cocoons 
o f other species o f  tu b ifie ld s  have boon found, by 
several authors, The whole subject is. .treated in  
d eta il by Stephenson (1930) and Cekanovskaya (1962).
In the coursa o f  the prosant study cocoons o f  1 ,udekemlanus 
and L,clsparedaanus hava baan.observed in  both f ie ld  
and laboratory  populations. The author J however^ has 
completely fa ile d  to fin d  cocoons of  T..hof-?*nelstarli 
litheivfttdeufl and 1-, cerv ix » Since tha la t t e r  two species 
do not occur abundantly and cocoons are only produced 
aver short period, i t  i3  possib le  that they could have 
keen overlooked* I t  proved impossible to estab lish  
Populations o f  e ith e r  species in  the laboratory  where 
c lo s e r  examinations could have been made,

Ihe absance o f  cocoons 'in  I..hoffr\aisteril however,
In not so rea d ily  understood. A ll cocoons taken from 
f ie ld  l o c a l i t i e s  where th is  species occurred were brought 
kack to  the laboratory and hatched out. To specimens 
° f  L .hoffm elsteri were obtained from the cocoons. In 
some lo c a l i t i e s  where th i3 species occurs no l iv e  cocoons^ 
wore found in the samples at any time. I t  was considered 
that the samplin'? methods in  operation might possib ly
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have "been unsuitable f o r  c o lle c t in g  cocoons, but no 
cocoons have been found in the laboratory cultures e ith er . 
Culture3 in  nud and sandy-nud (re ferred  to  above and in  
f i s o .  15 and 1 6 ) were sieved through meshes o f  0^4 mnu 
diameter, a s ise  known to  reta in  cocoons o f  other 
species, but no cocoons vore obtained. Nevertheless, 
development nust have occurred, as youn£ w m o  appeared in 
the populations and the populations continued to  
increase in  s is e . Cultures kept f o r  other purposes 
in  sand were axanined and although the population acain 
increased and youn,q specimens vrsre found, no cocoons 
tmre observed.

Poddubnaya (1950) records the cocoons as bel nr: 
attached to  vegetation , and although th is could explain  
th e ir  absence from bottom f ie ld  c o lle c t io n s , i t  does not 
explain th e ir  absence from laboratory  populations. She 
Records the time o f  development in  cocoons as 28 — 35 
days at 14 -  15 deg. C. Since the author’ s laboratory  
cultures \;ere examined at weakly in terva ls i t  i s  
Unlikely that they can have been overlooked* I t  must 

concluded, th erefore , that P .hoffm alsteri has the 
a b ility  to  complete i t s  development without the production 
o f cocoons^ fhe d eta ils  o f  th is  form o f  development 
a**e unknown, and require fu rth er study. I t  i s  
Possible that other species o f  Linnodrilus may a lso 
Poasaos th is a b i l i t y . I t  appears l ik e ly  that Poddubnaya
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nay have encountered th is  problem to  soma extent) as
che rs fe rs  (1958) to  h .h offm eistari producing vary few
cocoons in  her laboratory. She h e rse lf  attributed
th is to the conditions o f  the cultures* In her f ie ld
observations (1959) she does not say how she id e n tifie d
cocoons,of th is  species* Since several other genera
vere present in her samples there i s  no in d ica tion  that
ihe cocoons found by her vara in fa ct produced by
ii«hof fm eiateri» I t  i s  not suggested hero that I.* hof fm eiatari
is  incapable o f  producing cocoons; the works o f
^oddubnaya (op p *c it* ) and Gavrilov (1931 a t.sa g* )
indicate c le a r ly  that i t  can. I t  i s  suggested) however)
that th is  may not be the on ly, or exclusive) method o f
Propagation,

Asexual reproduction and ra'genaration.
Throughout the foregoing  discussions on the 

reproduction o f  Limnodrilua i t  has been assumed that 
ccxual reproduction i s  the dominant method o f  propagation 
in the genus. Prom the l i t t l e  information on th is  
O b je ct  in the lite ra tu re  th is  does appear to be so.
Asexual reproduction does not seen to a tta in  the same 
importance in  the T ubificidae as in the iiaididae) where " 
i i  Is frequently  the dominant nothod o f  reproduction.



I t  i s  dismissed as being o f  l i t t l e  importance in  
the fam ily by Stephenson (1930) and Cekanovskaya (1962). 
Poddubnaya (1958) states that It  i s  known that tu b if ic id s  
only breed sexually. Share is  some evidence that i t . 
nay be o f  some importance in  soma genera, p r in c ip a lly  . 
Aulodrilus (Hrabe, 1934) and Pothrlonenrum (Hrab§,1937).
The coneral concensus o f  opinion, as summarised by 
Vorontsova and l lo s n e r  (19^0 )# is  that asexual 
Reproduction play3 l i t t l e ,  i f  any, part in  the reproduction 
o f  tu b lf ic id s .

nevertheless, in the absence,of any information
' * ■*

Relating s p e c i f ic a l ly  to LlrmodrlluBj I t  was decided to  
conduct a short series  o f  experiments on. tha regenerative 
a b ility  o f  species o f  the genus. Autotomy^ which has 
been shown to  occur extensively  in Tubjfex nawaensls 
(i’oddubnaya, 1959), has on occasions a lso  been observed 
in  l ,h o f  fp ia ieterl» I t  was furth er observed that specimens
frequently fragmented (as d is t in c t  from autotomy) during 
handling, o r  as a resu lt o f  mechanical damage. I t  was 
desired to  lenow the fa te  o f  these fragments, and whether
haw individuals could develop fo llow in g  fragmentation;' ‘ »
Ihe re la tion sh ip  between regenerative powers and asexual 
Reproduction i s  a c lo se  one (^Vorontsova and Liosner,19(50).

was considered that these experiments on regeneration 
^ u id  a lso give an ind ication  o f  the degree o f  asexual 
Reproduction that was p oss ib le ;
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Specimens with regenerated p oster io r  portions^ 
I’ococnisable as such by th e ir  transparency and by the 
narrower diameter o f  th e ir  so£jnentsi were commonly 
encountered in  f ie ld  c o lle c t io n s . The incidence o f  
specimens with a regenerated head, recognisable in  
the sane manner^ was very lotJ1, bain^ las3 than 0 .0 l^ i 
It was a lso  observed that specimens that had fragmented 
did not die o r  decay, but normally survived. It  was 
accordingly determined to cut specimens o f  1».hoffm aiatari 
°nd I>.udekemianusl the two most ea s ily  obtainable species, 
between certa in  sp ecified  segmento and record the fate  o f  
fcoth fragments. Controls were sot up simultaneously 
to obtain  an in d ication  o f  the m ortality  subsequent to  
such fradiantation .

The resu lts  o f  these experiments are summarised
kolows•

L> hoffm eistari
Il£I|ltion o f  Pate o f  fra/yienta '
**""""*’* Anterior P osterior
3/4 Decayed and lo s t .  May heal over and

eventually decay, o r  may 
&row new head o f  
proetomium, peristoniun 
and mouth.

■ Decayed and lo s t . Usually just heals over.
Only 1$ developed a 

. . . . .  . new head.
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Anterior Posterior

12A3

24/25

44/45

h.nde?remianus

position nf Pnte o f fragmenta

Posterior
Hay just heal over, hut 
usually develops a 
new head.
Heals over, Poes not 
grow a new lie ad.
Heals over, Poes not
grow a new head,

* •
average mortality following fragmentation wo3 50̂

In the case o f posterior portions that healed over 
and did not develop a new head, mortality did not occur 
*01* a considerable period a fter the operation, They 
survived fo r  up to two months in some cases, but eventually 
^oayad and wore losti

The general picture presented by these experiments 
that two new individuals are never produced following

Anterior
3/4 Decayed and lo s t .

12A3 Heals over, but
often grows new t a i l .

24/25 . Grot/o a now t a i l

Heal3 over. How 
t a i l  rarely developed.
Grows a new t a i l .

Grov/s a new ta i l .

Heals over. Does not
grow a new head.
Heals oven. Does not 
grow a new head.
Decayed and lost^
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fragmentation, I f  separation has occur rod anterior 
to s c l e n t  12t an individual dovolops only iron  the 
p osterior  portion ; i f .  p os te r io r  to segment 12, only 
iron  the anterior portion* P osterior regeneration 
aPpoars to  ha hatter davolopad than anterior, 03 

fragmentation has to take place vary close  to  tha head 
0̂ produce a new head. Abnormalities with tv*» t a i l s  

were o f  frequent occurrence. These resu lts  are in 
acreemant with those o f  Poddubnuya (1959) on T.rurrnansisj 
who fa ile d  to find  re ¿generation o f  the head a fte r  autotoray^ 
and o f  Kreolcar (1910) on P. clartaredeanus. vho found that 
fto new head was formed unless fragmentation occurred 

the f i r s t  seven segments.
Thera is  therefore no evidence iron  these experiments 

that L .h o ffn a is ta r i and T/.udakenianuai and by inference 
other apeclas o f  Limnodrilus. can reproduce by asexual 
toathods to any ¿proat extent* Regeneration appears to 
be fa ir ly  w all developed, but the major e f fe c t  o f  th is 
vH l  be to  upset the length: age re la tion sh ip . Fragmentation 
whether due to autotomy o r  accident, does not result in 
the fom atIon  o f  now individuals. In future discussions 
°h the reproduction o f  Llnnodrilus no further reference 
V|! i l  therefore be made to the p o s s ib il ity  o f  asexual 
^ prod u ction , and the genus'w ill be considered to exh ib it 
only  sexual reproduction.
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CHAPTER 5

I«ips histories o ?  Tin British  sproiss o?  ltmkodrilus

a) PIRLD inVRSTIGATIQNS

Several fa cto rs  v/ore Important In se le c tin g  lo c a l i t i e s  
for regular seasonal sampling. These may conveniently 
he grouped together under physical and b io lo g ic a l  fa cto rs .
The prin cipa l b io lo g ica l fa ctors  were that at lea s t  one 
species o f  Llnnodrllus should occur in the lo c a l i t y  and 
lh  s u ffic ie n t  numbers to  ensure that resu lts  would be 
^ l ia b le . I t  \̂ ao also desired to study the l i f e  h istory  
°£ each species in  at lea st two s ite s ; one in  which i t  
formed a single species population or  was the dominant 
QPecias# and one in which i t  occurred in a mixed species 
Population. S ites were a lso  se lected  on the basis o f  
their physico-chem ical ch a ra cter is tics , so the nature and 
su ita b ility  o f  the substratum fo r  quantitative samplin’- 
had also to  be considered. I t  was hoped that u ltim ately 

would be possib le  to  compare the l i f e  h isto ry  o f  each 
species in  d iffe ren t habitats and then to compare the l i f e  
h isto r ies  o f  the d iffe ren t species and th e ir  population 
b iology in  the sane h ab itat. On the basis o f  these 

0l*iteriaJ regular samples were taken over a period o f  a
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yaar o r  more at s ix  l o c a l i t i e s  i ‘,e . a canalj, a
snail stream^ a large r iv e r , a small pond and two lake si

1) BescriptIon o f  l o c a l i t i e s .
In the fo llow in g  section  only a b r ie f  descrip tion  

is  given o f  each lo c a l i t y  from which regular samples 
were talien. Where possib le  reference is  given to  a
Work In which the lo c a l i t y  la  described in greater d e ta il. 
°h ly  the tu b if ic id  fauna o f  each lo c a l i t y  is  l is t e d .
No in d ica tion  i s  given o f  the re la tiv e  abundance o f  each 
species. I t  has bean shown in  chapter 3 that the re la tiv e  
abundance o f  species may vary considerably from s ite  to  
s ite  within a single lo c a l i t y »  An estimate o f  the 
overa ll abundance o f  a species in any lo c a l i t y  may 
therefore obscure the fa c t  that It  may be common in  
one s ite  and rare in  another^ and consequently such 
Qh estimate w i l l  have l i t t l e  meaning.. The re la tiv e  
abundance o f  the species o f  lAmnodrilus in each sample 
^om each lo c a l i t y  are given in appendix 1 .
3&e Shropshire Union Canal! near Backford. Cheshire.

A deta iled  account o f  the h istory i the physiography, 
ĥ® f lo r a  and the fauna o f  th is  canal is  given by 

^wigg (1959 ) .  The canal in  the Backford region is  
a broad canal? the width o f  the bed was estimated at 
3° fea t with a maximum depth o f  6 fee t in  the centre.
®he canal i s  seldom used fo r  commercial o r  pleasure
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t r a f f i c  and is  rapid ly  falling into d isu se .? During 
the course o f  th is  survey the vegetation^ although i t  
is  s t i l l  cut at intervals^ has spread along the hanks 
and into the shallower regions o f  the canal. Baekford 
is  situated at the base o f  the Wirral peninsula and on 
the edge o f  the f e r t i le  Cheshire p la in . The canal in  
th is region receives drainage from r ich  arable pastures.
The basie substratum is  cloy^ on top o f  which i s  a
layer o f  r ich  organic mud. The fauna i s  r ich  and varied
and, together with the physical and chemical ch a ra cter is tics ,
Indicates a very productive habitat. The fo llow in g
tu b if lc id  sp ecie3 occur: -
jk .h offn eisteri
Xl. d a r tr e  da anus
Xl. cervix
Xift..ndekenianu3
M ilv a d rilu s  moldnvlansls ■
Sthamnonieneis ' ' . .

Hittrm Brook. Granton. Lancs.
This is  a sn a il stream about 10 fe e t  wide and 2 

ie ®t deep in  summer. In winter, the water le v e l may
considerably and the rate o f  flow  increases causing 

aoouring o f  the banks and substratum. The main stream 
^ o e iv e s  coa l washings from a nearby c o l l ie r y . Just



above the sampling s ite  the stream rece ive3 a sna il 
tributary, which is  enriched by an organic e fflu en t 
from a fam * The substratum con sists o f  mud and organic 
debri3j and a lso some small coal p a rt ic le s . The streanj 
undoubtedly^ su ffe rs  from organic p o llu tion  but l i t t l e  
d®-oxygenation occurs due to the rapid rate o f  flow  and 
shallow depth. The fauna Is in d ica tive  o f  pollution^  
being low in  the number o f  species but r ich  in  the 
number o f  ind iv iduals. The fo llow in g  tu b if ic id  s p e c ie s , 
occu r:—
I1,« ho f  f  na in te r ! - 
b,» Udakeminnus "
Ii»hel vat lens 
T«tnbifox '

Habyr Pnni. Pony Rabyl Cheshire»
This in a sn a il pond.serving as a water supply fo r  

oa ttle . About h a lf o f  the to ta l  area is  covered by 
U r g e n t  vegetation . The open water is  about 2 fee t  
deep, The substratum i s  th ick  clay  overla in  by a th in  
buyer 0f  and organic debris, the la t t e r  derived
Primarily from animal faeces, The pond rece ives  
drainage water from the f ie ld  and from a nearby g o l f  
bourse* . I t  is  thought that th is  drainage at certa in  

Oeaoons contains lead arsenate ( p .3* 31>* The fauna





Paannoryctes barbatua 
P*albicola
ilhyooodrilus coccinous 
-Aulodrilus o lu risa ta  
P eloscolex  velutinuo 
Brnnohiura sronerbyi

habitat nu3t be regarded as a rich  and productive ona.

tyindamera •
This lake has bean tha subjaet o f  nany generalised 

^ d  many sp ecia lised  stu d ies, and reference to  the fo llow in g  
v>orks nay be nade fo r  d e ta ils j Moon (1934), Hunphries (1936) 
boycott (1936), The d istrib u tion  o f  the tu b if ie id s  in 
^ e  lake has been studied by Brinkhurst (in  press, b ) .

lake i s  considered by tha above authorities to  be 
Vasotrophic one* The tu b if ic id s  known to occur arcs -  
j lt-frof fh e ls te r i  -
Sitttb ifex  ’ ■■
literanleton! . ■ '

arise  tn .
Ij^forox

S ^nJTe/iid.
This lake has bean the subject o f  several e co lo g ica l 

s"tudiQs, A general account o f  i t s  physiography and o f  
botton fauna is  given by Bunn (1961). The lake is  

considQrad by her to  be an o ligotrop h io  one tending 

towards nasotrophy. The tu b if ic id s  known to  occur arat~
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and the tine available fo r  i t s  examination.
The sampling method varied in  d iffe ren t l o c a l i t ie s .  

I t  t/a.0 determined j^rimarily according to the nature o f  
tho substratum and the a c c e s s ib ility  o f  the lo ca lity *
Tho s ize  o f  sampler used was determined by tho density 
o f  the tu b if ic id  population.

In  the Shropshire Union CanalJ samples were taken 
with a dredge o f  1 nn. nosh. A ll samples in which'the 
dradce was not f u l l  o f  mud ware re je cted . Although the 
dradee i s  not regarded as an instrument su itable fo r  
quantitative estim ates, the duplicate samples agreed very 
v * l l  with each other (Appendix l )  both in regard to  
the to ta l numbers o f  tu b if ic id e  and the number and maturity 
classes o f  the individual species* The n/pfeenont is  
E f f i c i e n t ly  accurate to enable deductions to be made 
iron the changes in overa ll abundance. A fter a 
preliminary siev ing  in  the f ie ld  the camples were brought 
hack a liv e  to  the laboratory  and sieved through a 1 mm. 
mesh*- In it ia lly ^  they were sorted by hand\ but as 
this was time consuming a le s s  laborious method was 
Adopted. The sample was spread out evenly on the mesh 
° f  the s iev e , which was then suspended over a dish o f  
^ater so that the mash was ju st le v e l with the surface o f  
the vat or , A strong l ig h t  was arranged about 1 foot 
above the sieve and in  such a manner that i t  illuminated 
^11 parts evenly* This was l e f t  overnight and by morning 
the tu b if ie id s  had passed in to  the dish from which they
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vraro e a s ily  removed. The not hod has been estimated 
as bain,g on the average 99.4;' e f f i c ie n t .  Vary snail 
vorno which are often  missed by hand sorting  aro read ily  
obtained by th is  nathod. I n i t ia l ly  samples were taken 
ut 3 weekly in terv a ls , but a fte r  13 months the in terval 
uas increased to  1 month. In the summer months sampling 
often  proved d i f f i c u l t  O’ dng to the extensive growth o f  
Hhisoeionium hiernglynhicum which blocked up the dredge, 
f ir in g  January and February 1963 the canal was covered by

i-
18 inches o f  ic e ,  making sampling with the dredgo im possible. 
An attempt was made to  sample with an 3krtan grab, but no 
Reliable oamnles were obtained.

At B itten brook the samples \»ere taken by means 
o f  a corer. This consisted  o f  a perspex tube o f  15 nn. 
diameter and 2 f t .  6 inches in length. I t  was sealed 
at one end and f i t t e d  with a plunger o f  the same diameter 
os the tube. In  use i t  was inserted into the substratum
to a constant depth (10 cm.) and removed with a core o f  
substratum o f  known volume, This could then he 
transferred to  a b o tt le  by means o f  the plunger. The 
ugraement between samples was sa tis fa ctory  in  regard 
to  maturity c la sses , but rather lo s s  so in  regard to  the 
to ta l number o f  specimens (Appendix 2 ). The cores were 
brought back to  the laboratory  and sieved through s 
^esh o f  0^41 nn. Tha specimens ware sorted by hand,
Rumpling took place at monthly in terva ls over a period
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o f  12 months* The rapid flow  o f  water prevented the 
stream from becoming iced  in the winter so that continuous 
sampling was possible*

At Haby pool were taken by means o f  a corer o f  
sim ilar construction  to  the one described above^ but o f  
IB inches in  length and 5 on. diameter. The length o f  
the core was determined by the thickness o f  the sandy 
layar^ as the tu b if ic id s  vara not present in  the th ick  
clay . I n i t ia l ly  two samples were taken at each v i s i t ,  
but as the s ize  o f  the population declined (coo p,3* 32 )
up to  8 samples were taken. The agreement between 
samples was not very sa tis fa cto ry  (Appendix 3 ), The 
sores were brought back to the laboratory  and sieved 
through a nesh o f  o ;4 l  mru The specimens wore sorted by 
hand, Sampling took place at throe woekly in terva ls 
iron March to October 1962, a fte r  which the in terval 
vas increased to  1 month. The thickness o f  the ice  in  
January 1963 prevented sampling, which was, however, 
^sumed the fo llow in g  month.

In the R.Thanes the samples vers taken by 
X. H. Mann in  the course of a more general study 

the productivity of the river. , He kindly allowed me 
*̂0 examine the tubifieid3 fo r  the purpose of l i f e  

°ycle  stud ies. The samples ware token at approximately 
 ̂ Monthly in terva ls  and at a series of regular stations 

°n a transect across the river. Duplicate samples
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were taken at each station , with a grab b it in g  an 

area o f  20 by 22 era* The agreement between samples is  
not very sa t is fa c to ry  (Appendix 6 ), but there i s  
mason to  believe  (p* 5* 53 5 that the sampling technique 
’ •'as not quantitative with regard to  tu b if ie id e . The 
samples wore sieved through n series  o f  meshes graded 
down to  0 rt6 m  and sorted by hand.

The samples from Wind erne re and Llyn Tegid wore 
Wads available to me through the kindness of Ur* R.O* 
Urlnldiurst, "who investigated the l i fe  cycles of other 
Genera of tubificids. In Windsmoro each sample 
Consisted of the contents of 2 Elman grabs taken from 
34 n. depth* The content of each snnplo was sieved 
in tiie laboratory and preserved, and later sorted by 
band* She agreement between samples was fairly  satisfactory 
(Appendix 4)* In Llyn Tegid the samples were also taken 
with an Skman grab, each sample consisting of the contents 
°£ 2 grabs* They wore sieved in the field and sorted 
later* The agreement between samples was not.vary ■ 
calefactory with respect to L*hoffneisteri (Appendix 5).

^  both l o c a l i t i e s  samples were taken at monthly 
in terva ls over a period o f  12 months.

In  the Shropshire Union C a n a la n d  occas ion a lly  
in other l o c a l i t i e s ,  the number o f  specimens obtained 
in  each sample was so large that in the tin e  available 
i l  was only possib le  to examine subsamples. In  such 
Cases approximately 100 specimens from each sample were
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examined, The specimens were se lected  at ran don, 
the technique having f i r s t  been tasted and proved 
accurate (Appendix 7 ), ?o r  the reasons discussed on 
pace 4 ,2  no attempt was mda to weigh or Measure spacinons.

3) Interpretation of fiald data»
The in terp rétâ tion o f  data derived from f ie ld  

investigations presents several problems, The principal 
o f  these arises from the variation  in  abundance o f  
species from s ite  to s ite  within a single l o c a l i t y  
that nay be observed in  the f ie ld  (pp, 3»33 -  3*38 )*
The existence o f  such variation  increases the d i f f i c u l t y  
o f  in terpretation  o f  data derived from nonthly samples, 
oe i t  is  possib le  that the some population is  not being 
sampled each month. The degree o f  varia tion  that occurs 
in any one lo c a l i t y  is  indicated by the agreement o f  
■the duplicate samples. I t  can be seen from appendices 
1 - 6  that th is  i s  generally  sa tis fa cto ry  with regard 
to the proportions o f  the maturity classes o f  each species. 
The agreement i s  lo s s  sa tis fa cto ry  with regard to the 
number o f  specimens in  each maturity c la ss , the number 

each species and the to ta l  number o f  specimens. The 
d i f f i c u l t ie s  th is  sents in determining the density 

each species w i l l  be dealt with in  a la t e r  section .
In view o f  the agreement o f  resu lts  from duplicate 

N aples with regard to the state o f maturity o f  each 
sPecies and the sna il number o f  specimens in many samples,
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a fter  examination tiio samples vara considered together 
fo r  the purpose o f  com piling l i f e  h istory  ta b les .
Where possib le  the resu lts  are expressed^ in tom s o f 
the percentage o f  individuals in each maturity c la ss . 
Whilst there are cogent ob jection s to expressing data 
ia  percentages, th is  method o f  expression i s  adopted here 
fo r  the fo llow in g  reasons; a) tha d irect use o f  
numbers may bo m isleading due to the variation  that 
ex is ts  between samples, as.discussed above, b) in  a 
discussion on the incidence and duration o f  breeding 
in  a population the re la tive -p rop ortion s o f  specimens 
in  each maturity class is  o ften  more informative than 
the actual numbers, c )  the use o f  percentages fa c i l i t a t e s  
comparison o f  the l i f e  cy cles  in d iffe ren t l o c a l i t i e s .  

There are several other d i f f i c u l t ie s  In the 
Interpretation o f  f ie ld  data. The in a b il ity  to  id en tify  
immature specimens o f  Idnnodrilus. except in the case o f  
&-«udafrftnlrmna. presents a problem. Where obo species o f  
Llanodri:i.us is  dominant in a p a rticu la r l o c a l i t y  i t  has 
*>aen assumed that the m ajority o f  immature spoclnens 
Oolong to  that sp ecies . Where two or more species 
ere co-dominant no such assumption may be made. In these 
lo c a l i t ie s  where immature specimens can not bo assigned 
io  any one sp ecies , the re su lts  are expressed d ire c t ly  
i*1 numereals. The fa ilu re  to find cocoons o f  Tdmnodrilus

4 .15 ) means that the presence o f  spematophores





brooding in 1« hoffmelsteri in the Shropshire taiion Canal* 
^^1*2 specimens are indicated by solid circlesi nature specimens 
^ °pQa circles. Immature epee toons are indicated by a broken line.

figure given under each month refers to the number o f specimens 
6355i!dnea.

®o samples were taken in January and February 1963 owing to 
°urable weather conditions.
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It i s  assumed that a l l  immature specimens belonged 
to th is  spools3* The f i r s t  observation was made In
November 19 61^ when there was a high proportion  of 
brooding specimens. The proportion of brooding 
speckaieno f a l l  o f f  s tead ily  u n til  July 1962*, with the 
Exception o f  a sudden drop in January — February, The 
proportion o f  mat tire worms showed" a steep r is e  in  
February -  March, This i s  probably d ire c t ly  attributable 
to the temporary cessation  o f  breeding in  February, and 
recruitment in to  th is  c la ss  has occurred from the breeding 
category. The proportion o f immature worms also f e l l  
off in March, probably again duo to  the cessation  o f  
^reading a c t iv ity  in February, In  la te  summer the 
Proportions o f  mature and brooding specimens r ise  again, 
and there ■ i s  a panic o f  brooding specimens in  ^com ber,19^2. 
-he population was not sampled when the canal was .covered 
hy ice  in  the winter o f  1 9 6 2 /6 3 , but by March 1963 the 
Population s tr ic tu r e  was sim ilar to  that' observed in  
tlie previous September,

I t  would seem that w m s  hatched in  the spring and 
Gariy summer matured in  la te  summer and began to  breed in 
the winter. The breeding period is  apparently Interrupted 
hn mid-winter when the canal is  frozen . This may be 
d ire ct ly  attribu tab le  to  co ld  or  to the shortage o f  
°^ygen vhich occurs under the ice* The severe winter o f  
^•962/63 appears to  have had a more drastic e f fe e t  on



5.16

the population than that o f  1961/62. Brooding is  
than resumed in  tha lata  winter and early  spring^ 
although at a la  osar in tensity  than in  tha ea rly  winter*
The resumption o f  "breading probably involvo3 the same 
specimens as before the la g  in breeding a c t iv ity .
^reeding then declines further during the sumarj 
although i t  never e n tire ly  ceases. The ensuing autumn 
breeding is  probably due to the maturation o f  a fresh 
Generation, but whether they were hatched 7 months o r  
19 months before is  d i f f i c u l t  to estab lish . From the 
high proportion o f  specimens that breed each year i t  
^ u ld  appear that only one year class was present in  
the population and i t  would therefore seem more l ik e ly  that
the specimens had been hatched 7 months before . I f  th is 
is so, the cycle  o f  L .b o ffn a ia terl in  tbe canal is  an 
Annual one.

Tha l i f e  h istory  o f  h .h offm eisterl in  B itton 
hrook shows rather a d iffe ren t pattern ( f i g .  IB ).
?**om November to  February the proportion o f  nature specimens 
i*osat and W3 follow ed by the peak o f  breeding in  February, 
^he proportion o f  breeding specimens then f e l l  o f f ,  
ahd breeding continued at a lower le v e l  fo r  most o f  the 
year. The proportion o f  mature specimens a lso  f a l l s  o f f  
Gfte r  breading in  February. I t  remains at a low le v e l  
throughout the summer, but r is e s  to a peak in August 
a*id September. This peak in  the proportion o f  mature



Flpiure 18

breeding of 1» hoffftelatari la Dittoa Brook*
1?#

Details as



tn
\ 

m
i

P e r c e n ta g e  o f  sa m ple



5.17

specimens is  not fo lio*  »ad by a pa ale o f  breeding.
Instead, thara is  a f a l l  o f f  in tha proportion o f  
nature specinans accompanied by a r ise  in the proportion 
o f  immature worms between September and November.

I t  would seen that in th is  lo c a l i t y  worms hatch 
in tha spring and natura in la te  summer and early  
autumn. They ara apparantly unable to  broad at th is 
time, and by regression o f  tha gonads return to tha 
immatura category. Tha reason fo r  th is  fa ilu re  to 
breed is  unknown- Tha Increase in  tha natura c la ss  
from November onwards i s  probably brought about by 
these specimens re-developing th e ir  gonads, and they 
then go on to breed in February. Breading a c t iv ity  
then declin es , but continues throughout the summer at 
a lower le v e l .

Tha l i f e  h istory  o f  L .hoffm aisteri in  Windermere 
is  shown in f ig ,  19a. The proportion o f  mature and 
breeding specimens remains fa ir ly  steady at a low le v e l 
from January to  July. From July onwards there appears 
to be a rapid recruitment o f  specimens in to  tha more 
Mature c la sses , and the proportions o f  these r is e , 
ihere is  a temporary halt in  recruitment in  September, 
but th is  i s  then resumed. The proportion o f  breeding 
d o lm e n s  reaches i t  3 maximum from August-to December. 
Subsequent to December, breading decline s again to  i t s



F ixera 19

Breading 1» * -  h o fftn e le ta rl la  (A) Windennara aal (B) U jt i 

B é ta ils  aa la  fig u ra  17.
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normal le v e l. Thera appears in  th is  lo c a l i t y  to he 
a simple annual cycled with breeding occuring a l l  
year round but r is in g  to  a peak in la te  autumn to  early  
winter. The cycle  here is  not obscured by Irregu lar 
flu ctu ation s in  the proportions o f  the maturity classes 
&s in  the canal.

In Llyn Togld| however, which i s  hydro chem ically
sim ilar to  Windermere, the cycle  is  vary d iffe ren t ( f lg i l9 b ) .
The agreement between samples was le s s  sa t is fa c to ry  than
in other l o c a l i t i e s ,  and I,.hr>ffneistarl was not found in
the samples during the w inter months. Nevertheless,
there is  s u ffic ie n t  information to indicate the general
outline o f  the cy cle . The proportion o f  nature specimens
increases from March to"A pril# Breeding commences
abruptly in  Hay and Is terminated by June. Prom April
to  July the proportion o f  mature specimens decreases,

♦
due probably to  the recruitment o f  specimens into the 
dreading c la ss . Prom July onwards, however, the 
proportion o f  nature specimens r ise s  rapid ly  by recruitment 
from the immature c la ss . Some o f  these specimens 
ttay breed in  September, but the m ajority appear to  
2*3turn to  the immature c la ss . This appears to  be the 
sane phenomenon as occurs at Ditton^ and a sim ilar 
explanation may be presumed.

Rather le s s  can be said about'the l i f e  cy cles  o f  
2 i.h o ffn e lsteri In the R.Thame3 (tab le  14) and Raby pool 
(tab le  15 ), as in both lo c a l i t i e s  several other species



o f  Bimnodrilua are present and i t  is  not possib le  to
assign the innatura specimens to any one sp a d e s .' In 
the H.Thanes i t  is  apparent that breading occurs at a 
high le v e l throughout tha whole year, The le v e l i s  
somewhat lower in  October and February than in other 
nontha. I t  nust ba prasunad that production o f  young 
also occurs fo r  nost o f  tha year. I t  is  n ot.p ossib le  
to  detect any c y c l ic  trend due to  the lim ita tion s  in  
in terpretation  o f  tha data. Nevertheless^ the a b i l i t y  
o f  the species to broad at a high le v e l throughout the 
year is  o f  considerable in terest.

In Raby, hoi^ever, despite the same lim ita tion s 
in in terpretation , there is  evidence o f  a c y c l ic  trend.
In 1962 tha peak o f  breeding occurred in  May* The high 
number o f  mature specimens in  June may be due to the 
presence o f  specimens that had bred, but not yet died o r  
lo s t  th e ir  gonads. Breeding does not take place , 
throughout the summer. Tha increase in mature specimens 
from September onwards would seem to  be duo to maturation 
o f  the new generation. This generation then.breeds 
from ‘December through to February. The cycle  is  
thus sim ilar to  that determined in the canal and 
Windermere, but tha peak o f  breeding occurs la te r  in  
Raby and breeding is  re s tr ic te d  to  the winter months.

Prom the foregoing account i t  i3 evident that the 
l i f e  h istory  o f  L .hoffm aistarl is  an annual cy c le . Tha 
Peak o f  breading occurs during winter o r  early  spring,



The aeanonal chañaros in maturity in  the species 
o f  Llnnodrilus. excluding Ti.udakanianug. in 
the H.Thomas at Road Ins«

llmnodrllun immaturo* 
IJ io ffr ia ia to r l maturo

brooding
L* cerv ix  ' .maturo

brooding
1» d a r tr e  de arma maturo

breoding

?ota l number o f  
■Ipaolnana examinad

1962 19«3
Oct, TÌOC. Fob, • Hay £Ud

131 113 104 39 51
40 72 61 19 23
26 73 39 46 70
IT 35 29 5 5

7 43 33 27 27
6 3 11 2 0
0 12 17 4 0

227 351 294 142 176

* "here is  soma ovidanca (p*5» 53) that m issests that 
th is  c la 3a i s  undor-raprosontod in tha samples^



■' TAim? 15  -
■ seasonal cfv»n-*e9 in  maturity in  the grtecieg o f  L lnnodrilus

In Hnhy pool»

, 1962 :' - « 6 3
M H A M M J JX J1 A s S 0 H TJ F H A M

Xlmnodrllus sp.
# -

Immature 18 31 18 26 32 48 53 96 53 56 23 18 26 21 47 19 38 7
I .h o ffn a is ta r i mature 5 ? 2 6 5 15 2 2 1 6 3 5 6 5 1 1 0 1

. "breeding 1 1 4 11 8 1 0 0 0 1 0 0 0 2 3 0 0 0
L.halveticua mature 4 3 0 9 1 8 0 0 0 1 0 0 1 2 10 0 1 2

" : Threading 5 4 4 18 12 5 .4 3 3 11 4 6 3 4 0 0 1 1
1 . claparedeanus mature 4 . 6 0 2 11 0 0 0 1 0 0 2 0 0 5 0 1 2

breeding 2 2 0 4 0 1 0 0 0 0 0 0 0 0 2 4 1 1
Hunker o f  specimens 

examined -
39 54 28 76 59 78 59 101 58 85*30

i

31 36 34 69 24 42 14

Cocoons ; P P ■P ..P P P P ■ a -■’ a a a P a a P P P P

Owing to  the thickness o f  the ica in January 1963 no sample vas taken.
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the new generation nppoara in  spring and goe3 on to  
broad tha follow in g  winter, Tha timing and duration 
o f tha “brooding period, hovovor, varies in  d ifferen t 
l o c a l i t i e s .  In the H. Thanes there is  no w ell defined 
breeding period since brooding continues at a high 
le v e l  throughout the year* In the canal breading 
Continues at a low le v e l  in  Burner, s ta r ts .to  increase 
in  July and reaches a peak in  November or “December, 
then declines gradually to  June. In Windermere breeding 
also occurs throughout the year at a low le v e l ,  but 
the peak occurs from. August t o .November. In DItton 
brook there i s  a c le a r ly  defined peak in February^ but 
fo r  most o f  tho year breeding also tokos place at a 
lo v e r  le v e l .  On tha other hand, in I ly n  TegidJ 
cpart from a .small peak in September, breeding appears 
to be confined to Itay and June. The situ ation  in  
Raby i s  sim ilar, as breeding occurs in  April and Hay 
and ceases during the summer months before resuming 
In tha follow in g  year. The pattern may be obscured 
by specimens breeding fo r  a second time at some 
lo c a l i t i e s  and by specimens becoming mature but fa i l in g  to  
broad at others.

The fa c to rs  in fluencing the tine and duration 
o f  breeding are not known. That clim atic fa ctors  
have some e f fe c t  has been shown in the canal. I t  
Would seem l ik e ly  that the nature o f  the substratum
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and consequently the a v a ila b ility  o f  nutrient natter 
i s  important. Where the substratum is  r ich  organic 
mud̂  a3 in  the R.'fhanes and the canal, breeding occurs 
fo r  most o f  the year at a fa ir ly  high lev e ls  although 
in  the la t t e r  c ite  there is  a peak in  winter and a deoline 
in  summer. In  Windermere and Ditton the vdntar peak is  
more pronounced, and breeding at othor seasons takes 
Place at a lo v e r  intensity* The substratum in  Windermere 
contained a fa i r  proportion o f  undecomposed vegetation  
debrloj, and at Ditton a considerable amount o f  inorganic 
mineral n atter. In Llyn Tagid and Raby the breeding 
Period is  shorter and more s t r i c t ly  seasonal, and the 
substrata at both s ite s  contained a high proportion o f  
^decomposed vegetation debris and inorganic p a rt ic le s , 
P articu larly  sand.

There vould thus appear to be a corre la tion  betveen 
iiie duration o f  the breeding period and the nature o f  
the substratum, but i t  i s  not possible at th is  stage 
to say whether the rela tion sh ip  is  a causal one. The 
Mature o f  the substratum and the a v a ila b ility  o f  food are 
delated, and i t  is  possib le  that the abundance o f  food 
may Influence the breading cycle* I t  has been suggested 
in Chapter 3 that food may determine the abundance o f  a 
species, and in Chapter 4 that the nature o f  the substratum 
may in fluence the reproductive cycle* The fa ilu re  o f  
mature specimens to  broad in  Llyn Tegid and Ditton in
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September nay bo rela ted  to  the a v a ila b ility  o f  tha food 
supply* further discussion  on th is  top ic  nuot bo l o f t  
Until tho l i f e  h istory  o f  L .h o ffn e in ter ! has boon studied 
under laboratory  conditions. '

L. udekemiarmo

She l i f e  h istory  o f  th is  species presented rathor 
lo  ss d i f f i c u l t y  in in terpretation  os i t  i s  possib le  to 
id e n tify  innature specimens. The l i f e  h isto ry  in  Bit ton 
brook is  shown in  f i g .  20, Specimens begin to  nature 
In Movonber. and, Bo comber, reaching apeak  in  Pebruary, 
Thereafter the proportion o f  nature specimens declines, 
presumably as specimens are recru ited  into the breading 
c la ss . Brooding begins in HarehJ but r is e s  t o  a 
sudden pool: in May* The proportion o f  breeding specimens 
then f a l l s  o f f  rap id ly , due almost ce rta in ly  to  post 
breading m ortality , to  about Junaj continues to decline 
QlowlyJ and ceases by August. The r ise  in the proportion 
o f  nature specimens in July i s  p ossib ly  due to  breeding 
specimens in  tho in i t ia l  stages o f  degeneration o f  the 
gonads. Cocoon production starts  in Hay and declines 
through June and July, follow ing c lo s e ly  on breeding.

The overa ll proportion  o f  breeding specimens is  
bot very groat and i t  appears that only part o f  tho 

*°taL population breeds each p a r ,  This suggests tho 
oxiotonco o f  two year classes in  the population, one
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Breedias la  X.« odefceaiaans in  B itte n  Brook* Detalla as ta  

!?# Arrows indicate the presence o f cococa*
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o f  which breads each year. I t  would seam that tha 
U fa  cycle o f  L*udekeniame In th is  lo c a l i t y  i s  as 
follows* In  September a ll  specimens aro immature, 
but the population con sists o f  speinono o f  t w  year 
c l  as nos. One o f  these, the 0+, is  composed o f
specimens that hatch out in  June or July, w hilst the 
otherj, the 1+* in  composed o f  individuals that hatched 
out 15 months before , in the previous July* The 1+ 

■specimens sta rt to  become nature in  November end breed 
from March to  July, the peak occurring in Hay, The 
M ajority o f  these specimens die a fte r  brooding ,a lthough  
some nay undergo gonad regression  and survive to  
bread again the fo llow in g  year as 2t* I t  in possib le  
that those are the early  March breeders. Cocoons 
appear during th is  period which hatch to  give the new 
Caneration* This generation takes about 16 months 
to  a tta in  maturity and breeds at 21 months* Tha 
Population in  September w il l  again be a mixture o f  0+ 
and 1+ specimens. The cycle  is  a re la t iv e ly  simple 
biannual one^ and breading takes place ovor a short 
Period each year*

The cycle  in the B.Themes ( f i g .  21) i s  probably 
sim ilari but the pattern is  obscured by the continuation 
o f  breading f o r  most o f  the year. I t  seems l ik e ly  that 
the cycle  i s  again a 2 year one^ and the peak o f  
"breeding, though leas  w ell defined, occurs in  Hay,



Breeding in L, ttdokemlamis in the Eiter Thames# Details as 
fl£ure It#
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The f a l l  in  the proportion of.nature specimens from 
Bocomber onmards Is para lle led  by a r ice  in  the proportion 
o f  breeding ones* Cocoons wore not found in  the samples,
By October the bulk o f  the population is  in  the immature 
c la ss , and from October to  Docomber the decline in the 
proportion o f  th is  class is  probably due to the recruitment 
o f the l<f generation in to  the mature c la ss . Breeding 
throughout tho ye or ¿.„assuming i t  is  accompanied by a
continual production o f  young ind iv iduals, obviously

. • >• ■ ■ - ^

obscures any c y c l i c  trends, and w il l  be d ir e c t ly  responsible 
fo r  the existence o f  continuous breeding in subsequent 
years,

She l i f e  cycle  o f  !■«u^ekemiann.e appears then to 
a t w  year one in both lo c a l i t i e s ,  . Tho peak o f  

d e e d in g  occurs in Itay  ̂ but in  the R,Thames breeding 
continues over a longer period. This s itu a tion  is  
sim ilar to that found in T.,, hof frta 1st a r il whore breading 
continued at a higher le v e l  and fo r  a longer pariod 
3-h tho Ii,Thames than in  any o f  the other s ite s  examined,
I t  has'been suggested that th is  i s  due to  the greater 
Productivity o f  th is  habitat and the a v a ila b ility  o f  foodj 

tho same arguments are equally va lid  fo r  T>,udakenlanus, 
^hat two species should show a sim ilar trend in  otherwise 
d ifferen t l i f e  cycles  in the sane habitat suggests, that 
^ho sana fa c to r  is  responsib le , - .Thus in T,.udekemlanus 
^ e ra  is  a lso  a corre la tion  between the duration o f  
f a d i n g  and the productiv ity  o f  the habitat;
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!.. clnparedennns

The d i f f i c u l t ie s  in in terpreting  the l i f e  h is to r ie s  
o f  th is  and the two remaining species o f  Linnodriliis 
ore considerable. The in a b ility  to  id e n tify  them vhen 
immature made i t  impossible to  ca lcu late the proportions 
o f  Individuals in each maturity c la ss . Furthermore^ 
none o f  these three species occurred abundantly in  any 
lo c a l it y . Conclusions had o f  necessity  to be based 
on the examination o f  too  few specimens. Only thé time, 
the duration and some idea o f  the in ten sity  o f  breeding 
oould be obtained.

The occurrence o f  1 . olamradeanus in  the canal is  
shown in table  16. I t  can be seen that mature specimens 
'''ore present from November to  Kay 1962.’ and from November 
to April 1962^ No breeding specimens ware discovered 
ib  1962. Their absence may be due s o le ly  to the low 
lumbers o f  specimens examihed. In 1963 breeding specimens 
were found in March. Despite the paucity o f  m aterialj 
i t  does appear that breeding may be seasonal and i s  
Possibly confined to the v in te r  and early  spring. I t  
^ y  not occur in  summer^

In  Raby (tab le  15) breeding takes place from 
^ï*ch to Kay 1962 and from February to  May 1963, The 
t 'o jo r lty  o f  nature specimens v/ere found during the same 
Poi'iods, Breading does not appear to take place during 

the summer and autumn. The mature specimens found in



The Incidence o f  breeding in b.clnpnredannua
r r ii .it"n i n  hi— i» i in min n m mt— i—  t -~ i— r n --....... .....  .... —    — " n V  1 it— i n- r—  

in  the canal» '

1961 1962 1963

I 2 £ Z l i i . l i £ £ i . £ 2 . l i 2  li A

Mature 1 0 4 5 2 2 1 0 0 0 0 0 5 2  1 1

Hreedin/? 0 0 0 0 0 0 0 0 0 0 0 0  0 0 2 0

lumber o f
specimens 1 0 4 5 2 2 1 0 0 0 0 0 5 2 3 1

No samples were token in January and February 1963 
owing to unfavourable weather conditions.
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August and October m y  bo specimens breeding f o r  a 
second tirio . Despita tha small r.unbera examino 
Breeding again appears to bo s t r ic t ly  seasonal with tha 
peak occurring in  spring.

In tho B.Thames (tabla  14) breeding ta la s  placa 
ovar a longer period, from December to  May. Tho largest 
numbers o f  brooding specimens aro found in  December and 
February. Matura specimens aro also present in  October^ 
but no nature or brooding specimens wore found in July.

Ibsp ito  tho paucity o f  nator ia l  i t  i s  possib le  to  
draw some prolin inary  conclusions regarding the brooding 
cycle o f  I .  clapara do anus«. Brooding in  th is  sp a d es  
appears to bo s t r i c t ly  seasonal^ and to  bo confined to  
lata winter and early  spring. A sim ilar pattern to that 
found in tho previous tt>o spocios o f  himnodriino discussed 
VU3 found here a lso . Tho brooding period was o f  longer 
duration in  tha more productive R.Thanes, but oven in  
^his l o c a l i t y  i t  was s t i l l  re s tr ic te d  to the winter months. 
It is  not p ossib le  on the information obtained to 
determine whether year classes are present in ,a  population.

B .cerv ix

The occurrence o f  th is  species in  tho canal ie_  shown 
lb  table 17. ' Mature end brooding specimens were found 
throughout the year* Prom February to  July inclusive 
approximately 30$ o f  the specimens.were breeding.
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The incidence o f breading in L. cervix in the canal*

1961 1962 1963

n 22 j  ?  h a h  j  j  a s  o h  2  h £

Mature 3 0 4 14 3 1 2 5 6 0 0 1 4 4 1 0

breading 1 1 0 10 1 2 1 6 5 1 0 1 1 2 1 -3

Total number 4 1 4  24 4 3 3  11 11 1 0 2 5 6  2 3
o f eneclrtana

Ko samples were talien in Januaxy* and February 1963 
owin^ to unfavourable clim atic- conditions*



There i s  i n s u f f i c i e n t  evidence to  in d ic a te  whether  

"breeding o f  th i3  s p e c ie s  in t h i s  l o c a l i t y  i s  seasonal  

or  n ot.

In the R.Thames (tab le  14) mature and breeding 
apecinens were also found throughout the year. There 
ie  no clear evidence that a peak o f  breeding occurs 
in any month. I t  is  o f  in terest to note that in  every 
month except October the number o f  breeding specimens 
wa3 greater than the number o f  mature ones,

Prom the l i t t l e  inform ation available i t  must be 
concluded that th is  species is  capable o f  breeding 
throughout the year. There is  no evidence o f  a seasonal 
cycle in  e ith er  lo c a l i t y .  Breading apparently oceuro 
at a greater In tensity  in the R.Thames| but th is  may 
be due merely to  the greater abundance o f  th is  species 
In th is  lo c a l i t y .  I t  i s  impossible to  determine 
whether the cycle  is  an annual or a biannual one,

B ,helvetlcus
The seasonal changes in maturity in th is  species 

In Raby are shown in  table 15, In 1962 breeding specimens 
^ere found throughout the year. There is  no c lea r  
evidence that a peak o f  breeding occurs at any 
P articu lar period^ although the highest breeding:
Mature ra t io s  occurred in Kay and September, Prom 
t-he l i t t l e  inform ation available i t  appears that th is



The incidence o f  breeding In T/.hoIvatlcus 
in  D ltton Brook.

1962 1963

Au¿%,♦* Peb, Her* Apr, May Jne, Jly* Au~,

Mature specimens 0 8 0 1 0 3 2

ftroadin/r spa cime ne 0 0 4 7 4 0 2

fö ta l  number
0 8 4 8 4 3 4

o f ar'eclnang



species i s  able to  brood at a f a i r ly  steady in ten sity  
throughout. the year* with possib ly  an increase in  Hay 
and September. ■ ■

Fox* conclusions concerning the breeding eyolo o f  
th is  e r o d e s  ean bo dram from i t s  occurrence in  Litton 
Lroo& (ta b le  18)# . Breading in  • th is  s it s  ahm#s .oor»
e l i c i t  evidence o f  hatng mrxnoml * as breeding specimens*' ...

vercr absent fron  August 1962 to  lloroh 1963* linturc. 
specimens f i r s t  opposred in  th is  la t t e r  month and persisted  
Until. Anoint. ,. However* nines so fmt specimens %*are 
sxnnim d, the apparent absence o f  winter breading in 
tills  lo c n l l t y  nay bo o f  no s ig n ifica n ce .

■ - L it t le  eon be paid concerning t h o - l i f e  cycle  o f  
th is  sp oo ls9» I t  i s  apparently capable .of breeding
throu<$iout the year, and there, i s  l i t t l e  evidence o f  a 
oy clio  pattern* ■

b) LAHQHA?oHt  x w n zn Q m tm  '
N . . ^ M MIIIIBIIII »| — n— i     >11 IM ni l  MW  

In  order to c la r i fy  and confirm nnnyo o f  tbs f ie ld  
observations a series  o f  species populations were net up 
Under laboratory  conditions. ' In fom otion  was p a rticu la rly  
S q u ired  on 'the aspects o f  the biolopy t in t  tionld a ffe c t  
tho in terp reta tion  o f  the f i e ld  data. The Host Important 
fa c to r  in  th is  respect wis the tin e  taken by speoinons 

attain  maturity and the length o f 'th e  l i f e ‘cycle  o f  
®nch sp ecies . tinder t.bene conditions i t  was a lso  
decided to  investigate th e 're la tion sh ip  betm an the nature 
° f  the substratum and the duration o f  the breeding period*
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F inally , i t  vast hopod that i t  would be possib le  to 
obtain more detailed  information on the l i f e  h is to r ie s  
o f  those species that could not be id en tified  when immature^ 

A ll laboratory populations comonced with breeding 
specimens. The specimens wore taken from f ie ld  
populations and acclim atised before r o l l e r  observations 
commenced. The temperature was maintained at around 
14 da^. (?! and did not f a l l  balo%i 12 dog, C.  ̂ Species 
populations wore kept in  iso la ted  containers! but with a 

common water supply. A population o f  each species was 
reared on a substratum o f  sand which had previously  bean 
kept dry fo r  6 months! but which va3 seeded with a 

snail amount o f  organic debris! In  addition ! populations 
o f  L ;h offm eisteri were reared two other types o f  substrata. 
One was rich  organic mud, previously  s t e r il is e d  to 
remove any tu b if ic id  egg3 o r  cocoons. The other was 
sandy-mud, formed by the a r t i f i c i a l  mixing o f  equal 
Volumes o f  the dried sand and organic mud.

A ll populations were examined at monthly in terva ls 
a fte r  the period o f  acclim atisation . The entire 
substratum o f  each container was sieved through a mesh 
o f  0 ,4  nn! and the substratum and water then returned 
to the o r ig in a l container* The specimens t-jere l ig h t ly  
o-naeot hat load to  fa c i l i t a t e  examination. A fter examination 
they were placed in  a dish o f  water to recover from the 
onaesthetic, Any m orta lity  due to  th is could than be 
Ostimated, At no time was any evidence o f  post
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anaesthetic m ortality  found. A ll specimens in  each 
population vara examined. Any cocoons present were 
counted and returned to  the container.

The populations on a sandy substratum var© examined 
over a period o f  a year. Those on a muddy substratum 
had to be terminated before th is  period due to the-author's 
tran sfer to  another department.

1. h o i  fna i  st a r l

The l i f e  h istory  o f  th is species on the three 
d iffe ren t typa s o f  substratum is  shown in  tab le  19. 
Considering f i r s t  the l i f e  h istory  on the sandy substratum 
(tab le  19a) i t  can be seen that a heavy m orta lity  takas 
Place in the f i r s t  month a fte r  breeding. The number 
o f  breeding specimens then declines les3  rap id ly  u n til 
the f i f t h  month^ a fte r  which i t  starts  to r is e  agoIni 
The re-connencenent o f  breeding in  the sixth  month is  
probably due to  specimens breeding fo r  a second tin e .
The rapid increase In the number o f  breeding specimens 
in  the "tenth and eleventh months is  undoubtedly due to 
specimens recru ited  from the mature c la ss , which has 
been increasing from the seventh month onwards. The 
increase in  the number o f  immature specimens occurred 
ih  the fourth month a fte r  the commoncement o f  the cultureJ 
W t took place more gradually fo llow in g  the peak o f  
'kz'oeding in  the tenth and eleventh months. Ho cocoons 
^cre observed at any timai



TAJTLI3 IQ
The breeding cycle o f  ■■l.hoffmeisteri under 
laboratory  cond itions.

a) Sandy substratum
Months a fte r  commencement o f  observations

2 . 1 1 1  £  ¿.£.18  1 12. ¿1 2!  13.
Immature 0 4 -  16 127 91 70 57 63 83 117 141 225 219
Mature 0 12 -  8 11 16 1 11 20 36 27 20 5 12
Breeding 78 15 -  13 3 0 4 6 8 5 21 26 2 5

Total 78 31 33 37 141 10 7 7 5 74 91 124 165 187 232 236

In the second month the population vaa not divided into 
maturity classes althou^jh the to ta l number o f  specimens 
vaa counted.
b) Sandy-mid snbstratm

Months a fte r  commencement o f  observations

' 2. 1mm
2 1 Y 1 £ 2 8 <5

mm

o|Hli

Immature 0 1 7 10 34 74 76 75 74 71 6 l ’

|*r
*

1 0 9 2 1 3 0 0 2 0 3 0
Breeding 18 2 4 6 9 3 1 0 3 0 0

Total . 18 12 13 17 46 77 77 77 77 74 62

°5 Mudiîy-subatratua
Mont hs a fte r  commencement of ' obfservit Iona

2. 1 2 Â £ 1 6 1 8 ,
Immature 0 1 3 56 62 64 67 47 48
Mature 0 4 0 2 4 0 0 G 3
fe e d in g  17 1 3 2 0 0 0 4 0

S aM . ' i7 6 6 60 66 64 67 59 51
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second time appear In the second month], increase Into 
the fourth nonth and f a l l  off in to tha six th , Tha 
throe specimens breeding in tha eighth nonth nay bo 
specimens breading f o r  a second tino o r  they nay bo 
tha f i r s t  specimens o f  tho now generation^, Pive to  
s ix  months a fto r  tho appearance o f  most o f  tho spocinans 
o f  tho now generation there is  no sign o f  th e ir  reaching 
maturity. On a sandy substratum tho new generation 
bred a ftor  coven months. This suggests that under 
those conditions specimens e ith er  do not brood u n til 
they are a year old  o r  over, o r  that breading w il l  sot 
in  rapid ly  in  tho population without the gradual,increase 
in  tha number o f  nature specimens that normally procood3 
i t .  I t  i s  not possib le  to  determine which i3  the case.

On a muddy substratum (tab le  19c) the l i f e  h isto ry  
i s  in  many ways intermediate between the two patterns 
considered above. Breeding is  follow ed by n heavy 
M ortality ns in  a sandy substratum. Specimens assumed 
to bo brooding fo r  a second time aro present in  tho 
second and th ird  months. In  tho soventh nonth 12 
specimens wars present in  tha mature and brooding classes] 

only s ix  o f  theso could have boon specimens from tha 
Parent; generation. Some few specimens o f  the now 
generation, th erefore] must bo maturing at 5 - 6  months 
° ld , Thoro was no ovidonce o f  the m ajority  o f  the new 
Generation reaching m aturity, although they wero s ix  
Months o ld  at the termination o f  experimental observations.
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I t  i s  evident from the studies outllnod above 
that the age at which specimens o f  l .h o ffm e ls te r l attain  
Maturity nay vary betv*ean populations* Specimens nay 
hacoma mature at four months o ld , but they do not appear 
to breed u n til they are at lea st s ix  or seven months o ld . 
This must bo considered to  be the minimum agei More 
often , there was no evidence o f  specimens even atta in ing 
maturity at 5 - 6  months o ld . In  one example, however^ 
i t  m s shown that the m ajority  o f  specimens became 
Mature in  th e ir  f i r s t  year o f  l i f e .  Under f ie ld  
conditions o f  a lower temperature, i t  is  probable that 
the time taken to  attain  maturity w i l l  be even longer. 
However, i f  fou r months is  taken as a minimum period, 
i t  does show that i t  i3  im possible to  recru it mature 
specimens from cocoons in  between the sampling dates, 
^hese resu lts  also confirm some o f.th e  conclusions 
Q**rived at from the f ie ld  stud ies. The l i f e  h is to ry  o f  
i ih o ffn o1 s t  a r l  appears to be b a s ica lly  an annual cycled 
^ith peaks o f  breading occurring at approximately 12 
Monthly in terva ls . The breeding period^ even under 
liable environmental conditions^ is  not sharply defined 
^ t  i s  spread over several months. There is  no 
Abdication in  table 19 that th is i s  influenced by the 
^tura o f  the substratum. This cannot be regarded as 
d e lu s iv e  proof that no such relationsh ip  e x i s t a s  

evidence would have to  be basod on the length



o f  the breading period o f  the new generation* The 
termination o f  observations on two o f  the cultures 
occurred bafora tha commencement o f  th is  second brooding 
period^, and therafora no conclusiono could ba drawn*
The re la tion sh ip  between the general breading pattern and 
the nature o f  the substratum w ill  be discussed In a 
la te r  section  (se ct ion  c l ) .

h* tide ken isnu3
The l i f e  h istory  o f  th is  species under laboratory  

conditions i s  shown in  table  20, Breeding f e l l  o f f  
Rapidly at f i r s t ,  than more slow ly and had ceased by 
the f i f t h  month. The post breeding m orta lity  wa3 s ligh t 
us compared with L*hoffm aisteri. There is  no evidence
o f specimens breeding fo r  a second time, at lea s t  in 
tha same season. The specimens maturing from the 
seventh month onwards and the singla specimen breeding 
In tha eleventh month may be specimens o f  the parent 
Coneration breading fo r  a second t in e . Although the 
M ajority o f  specimens o f  tha new generation appeared in the 
fourth and f i f t h  months, there va3 no evidence o f  large 
numbers nearing maturity at the termination o f  observations 
wken they were nine to ten months o ld . I t  appeared 
instead that the new generation did not reach maturity or 
knead in  i t s  f i r s t  year o f  l i f e .  I t  i s  in terestin g  to  
fcote that the peak o f  cocoon production did not occur 
un t l l  3 months a fte r  copulation . The in terva l o f  tine 

ketvoan the two night be expected to be considerably



TABLB 20

The ‘breeding cycle o f  L«udakenlanu3 tincar 
laboratory  condition^«

Months a fte r  commancenent o f  observations

0  1 2  ¿  1 5  1  H  i  a  n  1 2  1 2

Inmatura 0 2 -  9 63 89 94 GO 63 63 60 59 64 65

Maturo 0 4 — 6 4 5 0 1 1 1  3 2 0 0

Breeding 14 6 -  4 1 0 0 0 0 0 0 1 0 0

yptnl 14 12  131963 94 94 81 64 64 63 62 64 65
jp ifoer o f
Ikecirions . - - ■-
pocoong 0 - 3 - 1  12 0 0 . 0 - 0  0 0 0 0 0 0

In the saoond north the population was not divided into 
Maturity ciao so a althou(rji the to ta l number o f spa cine no 
waa counted.
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I t  Is  evident from the above account that specimens 
o f  B.udekeninnus do not atta in  maturity in  th e ir  f i r s t  
year. The age at breeding must therefore be 1+ years*
It  would seen than that the l i f e  h istory  o f  th is  species 
i s  a 2 year cy c le , although some specimens may survive 
to breed in  th e ir  th ird year. This confirms the resu lts  
from f ie ld  in vestiga tion s, where the existence o f  a 
two year cycle  and the presence o f  two year cla sses in  a 
Population wa3 suggested* The l i f e  h itory  as determined 
above i s  in fa c t  very sim ilar to the l i f e  h istory  o f  th is  
species at Hitton brook. Brosding took place over a 
short period^ with a peak in  spring^ and only a small 
proportion o f  the population bred each year,

1, clamredeanus

The l i f e  h istory  o f  th is  species under laboratory  
conditions i s  shown in table  21* Breeding f a l l  o f f  
rapidly^ and terminated in  the fourth  month. Mature 
specimens began to  appear in  appreciable numbers in  the 
seventh month, increased up to the eleventh and than 
declined slowly* Breading re-commenced at a low rate in  the 
seventh month and continued at th is  low rata through 
to the eleventh, Burlng th is  period a to ta l  o f  IT 
^reeding specimens was observed, but since only 8 specimens 
kcd survived o f  the parent generation i t  is  evident 
that some o f  these specimens at lea st were members o f



TAPPO gl
The breedihy cy c le o f  T.» clon  are tie ama under 
laboratory  conditions»

Hont he a fte r  corme nca.nent o f  observations

0 1 g \«*• AwW 2 £  1 fi O«h» 10 11 12 n

Innntnre 0 3 - 38 40 3B 37 24 50 71 54 47 62 42

?.t atura 0 3 - 0 i.. 1 o ? 9 11 7 2 1 1

Bree d ino* 16 2 - 1 Ö 0 o 5 1 3 4 4 0 0

Botai
nÎBiVor o f  ■•- 
ape oil tens 16 8 11 39 42 39 37 36 60 85 6? 53 63 43

Co coons 0 0 7 0 0 0 0 0 0 0 0 0 0 0

Ih the second nonth the population m s not divided into 
Maturity classes although the to ta l  nunbar o f  spa cine ns 
was counted.
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the new generation. I t  is  d i f f i c u l t  to  estimate the 
proportion o f  tha now generation that va3 breeding^ 
Assuming that a l l  those specimens belonged to  the naw 
Generation and that spematophores ''are retained fo r  
la  S3 than a month, the highest estimate was about 50^.
Tha number o f  breeding specimens appeared to be le s s  
than the number o f  mature specimens, suggesting that 
some specimens o f  the new generation may have attained 
maturity but not gone on to  bread*

Prom the above considerations i t  is  evident that 
•tome specimens o f  1 «clararedennus may breed in th e ir  
f i r s t  year '9 but a large number do not breed u n til during 
tha second year* The minimum age at maturity appears 
to be about 5 months^ and at breeding 5 -* 6 months. Most 
specimens breeding in th e ir  f i r s t  year did so at seven 
to nine months o ld . I t  v'ould seem that the l i f e  h istory  
o f  th is  species nay be a one or two year cy c le , and i t  
must bo concluded that a f ie ld  population may contain a 
mixture o f  two year c la sses . Breeding occurs over a 
longer period than was generally  found in  the flald^ but 
■this may be attributable to tha higher temperature 
bnder laboratory  conditions.

Bi cerv ix  and h .h elvetlcu s

Breeding specimens o f  both species ware iso la ted  
and removed to  cu ltures as 'described  e a r lie r  (pi 5 .29 ).
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In both species the number o f  specimens stea d ily  
declined, and ultim ately a l l  specimens died. No new 
individuals were produced.

c) POPULATION STU7TTB3.

In the previous sections the l i f e  h is to r ie s  o f  the 
B ritish  species o f  M nnodrilus under f ie ld  and laboratory  
conditions have bean considered, but no account was taken 
o f  the ov era ll changes in abundance o f  each sp e c ie s 'in  
each lo c a l i t y .  In the present section  an attempt 
is  made to evaluate certain  population trends o f  each 
species, in  particu lar b irth  and death ra tes , and to  
re la te  them to the changes in  density o f  each population.
1) Population b io log y  under laboratory con d ition s»

h .h offm elsteri
The data on which the fo llow in g  ca lcu la tion s are 

based i s  given in  table 19. In order to compare the three 
Populations attention  was concentrated upon three aspects 
o f  the population. These were the fecundity o f  
individual specimens| the post breeding m orta lity  and 
the in terva l between the peak o f  breading and the maximum 
bumbor o f  immature specimens.

In the absence o f  cocoons (p . 4 .15) an estimate o f  
fecundity presented many d i f f i c u l t ie s .  I t  was not 
Possible to determine d ir e c t ly  the number o f  young 
Produced by each Individual o r  the proportion o f  these
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surviving to  the steaja o f  hatching* Instead^ an 
in d irect estimate o f the number o f  youns produced was 
obtained. I t  w il l  bo se'an from tabla 19a that tho 
maximum nunbor o f  individuals, 141, occurrad in the 
fourth month a fte r  tho f i r s t  brooding season. Of 
those 31 at the most could have baan spacimans o f  the 
parant generation which had survived breeding. Assuming 
that no m ortality  had occurred in  these specimens, a 
minimum number o f  110 new individuals must have bean 
produced. I f  m ortality  had occurred, th is estimate w ill  
be too lo v . At the settin g  up o f  tha culture 78 breeding 
specimens ware present, and i t  was assumed that these 
vara responsible f o r  tha production o f  tho-yourv: 
specimens* On avara^ej therefore, each breading specimen 
had produced 1*41 indiv iduals. This was tairen to be 
the minimum fecundity o f  l .h o ffm a ls te r l under th is  sat 
o f  conditions. The estimate i s  undoubtedly too low, 
as i t  assumes that a l l  the specimens that survived 
broeding did not die la te r , and that no m orta lity  had 
occurred amongst the juven ile  specimens. Both assumptions 
ore l ia b le  to be in correct, but nevertheless an 
oatinata o f  fecundity  that may be used fo r  comparative ,
purposes can be obtained. In  general .terms,

+ -  maximum sise  o f  population -  number o f
ecunelty individuals surviving breeding

to ta l number o f  breeding specimens*

^his formula v i l !  be used in future ca lcu la tions o f fecundity,



The pout breeding m ortality  was simpler to 
ca lcu la te . I t  vas assumed that specimens that survived ;
the in i t ia l  post breeding m ortality  survived at lea st 
fo r  several months. Usings the data in  table 13a, 31 
specimens survived breeding out o f  an in i t ia l  to ta l o f  l;
78 breeding specimens. The m ortality  vas therefore 
47  ̂ or , expressed as a percentage o f  the or ig in a l size  f
o f  the population^ 60^. In general terms

orig in a l number o f  breeding specinar:
' -  number o f  specimens surviving u

post breeding m ortality  «  breeding
o r ig in a l number o f  breading specimen;;; t

This formula w il l  be used in  future ca lcu la tion s o f  b
post breeding m ortality . The Interval between the peak 
o f  breeding and the maximum number o f  immature specimens 
is  determinable d ire c t ly  from table  19a.

A comparison o f  these s t a t is t ic s  fo r  populations ;
o f  h .h offm aisteri reared on three d iffe ren t types of' 
substratum under laboratory  conditions is  given in  table 22.
It  is  apparent that the minimum fecundity Is  d ire ct ly  
Eclated to the nature o f  the substratum, and increases 
^ ith  i t 3 n u tritive  value. The poet breeding m ortality  
fo r  the sand and the mud substrata is  o f  the sane orderj 
Wfc i s  considerably le s s  on the snndy-mud substratum, 
liie reason f o r  th is Is not rea d ily  apparentJ as i t  might _ ]

expected that the m ortality  under these conditions would 1



TACTiS 2?*<... ii———mm»—fc

■ The population s ta t is t ic s  o f  three anodes o f  
TAnnodrilus reared under laboratory conditions

Lhoff. Ij.udak. Lclap

Substratum S SH M 3 S

Minimum fecundity  1 ,4 3.1 3 .5 5.8 2.1

Post-breeding
m ortality

33f/- 645? 14f» 5055

Interval between 
peak o f  breeding 
A nT lS nF o?------- 4
¿m ature
specimens in months

5 4 5 4

Por explanation o f  tom s and methods o f  ca lcu la tion  
see tort*
Pepund

Iihoff « T/.hoffnolntorl L.udek « P.udekemianns
L.clap a 1 .olapnradenmts 
3 a sand SI I « oandy-mud II «  mud
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o f  the sane order as in the other two cu ltures.
The maximum number o f  immature specimens appears at 
about the sane time a fte r  the peak o f  breeding in  a l l  
throe cu ltu res. In the snncly-mu<5 and nud cultures the 
population did not breed again in large numbers during 
the period o f  observation, and i t  was not possib le  to  
ca lcu late a second value fo r  any o f  the s t a t is t ic s .  A 
second breeding period was observed on the sandy 
substratum^ and an estimate o f  the minimum fecundity 
Gave a minimum value o f  2 .2 . This is  higher than the 
value o f  1141 obtained e a r lie r  fo r  specimens on the same 
substratum, but is  s t i l l  s ig n ifica n t ly  lower than the 
values fo r  the other two cu ltures.

L. udakamlemas. •

The population s t a t is t ic s  f o r  th is  species on a sandy 
substratum are shovm in  table 22* They vara calcu lated 
in  the manner described f o r  1»,hoffm alatari on the basis o f  
the data shown in table 20, The fecundity value o f  5.0 
is  considerably higher than the value fo r  T ..h offh eisteri 
^oth on the sane substratum and on more productive substratal 
i t  i s  a lso  possib le  with th is  species to obtain an estimate 
o f  the m orta lity  in  the eocoon stage* Sixteen eocoons 
^er« found up to  the th ird  month a fte r  b reed in g  with a 
to ta l o f  Ol eggs* The number o f  young produced i s  
•atimated at 82 from table 20, suggesting that there i s  
l i t t l e  o r  no m orta lity  in  the ea rly  stages o f  development*
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This appears rather u n lik ely , and It  would seen that 
some cocoons must have bean overlooked, or  that coma 
specimens have not produced cocoons. The maximum number 
o f  young occurred 5 months a fte r  tha peak o f  copulation 
and two months a fte r  tha peak o f  cocoon production.
Tha post brooding m ortality  is  vary much lower than in  
e ith er  o f  tha other two species o f  Limnodrilus studied.

1 .clap^redeanus
The population s t a t is t ic s  fo r  thi3 species on a 

sandy substratum are shown in  table 22. They were 
ca lcu lated  in the manner described fo r  h .hoffm elater! 
on the basis  o f  tha data given in tabla 21. Tha 
fecundity value o f  2.1 approximates very c lo sa ly  to 
the valua determined fo r  the second generation o f  
T^hoffm aisteri on the same substratum. Tha post brooding 
i^ r t a l it y  valua o f  50# i s  c lo s e r  to tha figu res  fo r  
?«.hoffraalsteri than fo r  1. udekemlnnus. Tha maximum 
number o f  immature specimens appeared 4 months a fte r  
the peak o f  breeding 7 cocoons only were found in  the 
second month a fte r  breeding^ with a to ta l o f  29 eggsi 
^ha number o f  young produced was estimated at 34 
irom the data in  table 21. Thi3 suggests that e ith er  
come cocoons were overlooked, or that some individuals 
can be produced without cocoons, a3 is  knovn fo r  
h .hoffm aisteri (p.4U15 )• The la t t e r  a lternative seams
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nore probable9 -as from the seventh to  the eleventh 
nonth 1)1*00din# was continuing at a steady rate but 
no cocoons were observed. nevertheless) tha population 
s ice  inoroasod during th is  period in d ica tin g  that tha 
production o f  now individuals nust have occurred.

I f  the resu lts  in  tab le  22 ana compared, oavaral 
in terestin g  fa c ts  emerge* Tho in terva l between tha 
panic o f  copulation and maximum nunbar o f  Immature 
specimens i s  o f  tha same order fo r  a ll  three species.
I t  does not appear to  be rela ted  to  the nature o f  the 
substratum. Fecund i t  y) hovovor, appears to be a
variable fa c to r . I t  varies from species to  species), 
nnd in  Tuhoffheinteri i t  a lso varied in  re la tio n  to 
tha produ ctiv ity  o f  the substratum. The post breeding 
m orta lity  a lso varies , but tha variations show no 
re la t io n  to  the nature o f  the substrata. I t  i s  perhaps 
s ig n ifica n t that 1 ,ndekemianusl the only species with 
on ob liga tory  two year l i f e  cy c le , had a higher fecundity 
value and a lower post breeding m orta lity  than e ith er  
o f  tho other two species), both o f  which appear b a s ica lly  
to  have an annual l i f e  cy c le . I t  must be concluded that 
s p e c if ic  d ifferen ces  do e x is t  between populations o f  
d iffe ren t species cultured under the same conditions) 
tut that the nature o f  the substratum can influence the 
Population b io log y  o f  any one species.
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2) Population b io log y  tinker f ie ld  conditions

The major problem in the 3tudy o f  f ie ld  populations 
arises from the lo c a l  variations in  abundance o f  a 
species from s ite  to s ite  in  a single lo ca lity *  The 
importance o f  th is  variation  in  re la tion  to  the in terpretation  
o f  data has been discussed elsewhere (p» 5 .1 2 ), but in 
the present context i t  is  obvious that such variation  
unices estim ates o f  s p e c if ic  den sities  very d if f ic u lt*
The agreement between duplicate samples was not very !5}
sa tis fa cto ry  with regard to  the to ta l numbers o f  each i
species present. Nevertheless, an estimate o f  density j
la  essen tia l i f . t h e  seasonal changes in population I
abundance are to  be considered. In view o f  the existence !
o f  such sp a tia l variation  i t  was considered t liât the 
density expressed in  terns o f  a unit area would have 
l i t t l e  meaning^ and accordingly d en s ity .is  expressed in  
numbers par sample, by taking the mean o f  the samples,
A further d ifficu lty ^  also discussed on page 5.12 •
Was that samples taken at the sane place may not be 
sampling the same population in  successive months. I f  
th i3 i s  happening, i t  is  evident that i t  w il l  seriou sly  \

a ffe c t  tlie in terpretation  o f  any observed changes in  
Population s is e . This p o s s ib i l ity  must therefore be !
considered in  the in terpretation  o f  resu lts , and an

'
attempt made to  assess i t s  importance* ■
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In tho prenant a c t io n  the overa ll changea in 
tha abundance o f  Tdnnodrilns w ill  be considered in  
each lo ca lity *  Thin w ill  ha considered in re la tion  
to  tho chantas in tha s i sa o f  tha breading and Immature 
classas. This t.d.11 give an in d ication  o f  tho occurrence 
o f  brooding and tho production o f  tha now generation.
Tha numbor o f  natura specimens has “bean omitted from 
tho fig u re s , as th is  c la ss doos not contribute to  chances 
in tho population s is o .

- Tho Shropshire Union Canal

In considering the changes o f  abundance in th is  
l o c a l i t y  i t  ha3 been assumad that a l l ’ immature specimens 
should be assigned to  I>,hoffm eistori* As th is  was
tho dominant spocies tills  assumption does not appear to  
be unreasonable, Tha seasonal change3 .in  abundance 
ore shown in  f i g i  22.

I t  i s  evident that the increase in  the sisa o f  
tha population from Hay to Julyj 19£>2j i s  due to  the 
appearance o f  large numbers o f  immature specimens.
The steep r ise  in  the number o f  immature specimens in  
July is  not read ily  ex p lica b le . I t  has been shown 
from the laboratory  studies (p .5 .4 0 ) that the in terva l 
"between the peak o f  breeding and the maximum number 
o f  immature orjecinons is  between four and fiv e  months, 
in  the canalj however, there is  no peak o f  breeding



yjfiuge £3

Tho seasonal change» of abundance of I» hoffmelsteri In the 
^pshire union Carni* Solid circles indicate the total nuaber 
^  ®peeiinen9 of llranodrilue present in each eastple. Breeding
tineas ara indicated by open circles{ inaaature specimens by
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a c t iv ity  equivalent to the r ise  in  July in  the 
previous s ix  months. The peak o f  breeding occurred 
in  December, eight months "before the r is e ' and breeding 
a c t iv ity  then gradually diminished. I f  i t  i s  
assumed that the specimens breeding in  March wore 
responsible f o r  the largo production o f  young, th is  would 
acre© with the in terva l between the two events o f  four 
months observed in  the laboratory. Assuming the maximum 
fecundity observed in  the laboratory  wu3 rea lised  in 
the f ie ld ,  the specimens breeding in  March could only 
be responsible fo r  the production o f  about 350 specimens. 
Kven i f  specimens breeding a fte r  March are included, 
the number o f  young produced is  s t i l l  le s s  than the 
COO observed in  July. I t  is  therefore d i f f i c u l t  to 
sea from where the immature specimens vers derived.
A higher fecundity value under f ie ld  conditions appears 
most un likely , A further p ossib ility^  that the 
production o f  immature specimens has been concentrated 
in to  one month, a lso appears un likely  in  view o f  the 
lon g  in terva l o f  seven to eight months between the pod: 
o f  breeding a c t iv ity  and tho maximum number o f  young.
I t  i s  p a rticu la r ly  unfortunate that no cocoons »/ere foundj 
aa th e ir  presence would have given a further in d ica tion  
o f  the tin e  o f  breeding a c t iv ity . The p o s s ib i l i t y  thatY
a major change in  the environment occurred at th is  
time w ill  be discussed la ter*
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Breading ra-commoncos in  July and October^ and 
the size  o f  the population r is e s  again in September and 
December, The incidence o f  breading ia  follow ed by an 
increase in  the number o f  immature specimens except 
in  December, whore the vary 'la rge breading population has 
Undoubtedly bean produced by recruitment from the Immature 
c la ss  that had b u ilt  up during the summer. The population 
is  maintained at a high le v e l  in  the spring o f  1963, 
despite the severe winter o f  1962/1963. i t  is  probable . 
that the recru its  from the high breeding population in  
December 1962 are entering the population in April 1963.

A part from the Inexplicable increase in  the size 
o f  the immature class in  July, a further aspect o f  the 
population changes o f  B ,hoffm aietari in th is  canal deserves 
attention . Between November 196! end Hay 1962 tha 
size  o f  the population flu ctuated  between 140 and 280 
specimens per sample, but from June 1962 to  April 1963 

the s ize  o f  the population never fe ll 'b e lo w  470 specimens 
per sample. i f  the size  o f  the population fo r  the 
same month in  successive years is  compared i t  i s  seen 
that the figu res from June 1963 onwards are con s isten tly  • 
higher than those f o r  the proceeding months. Over the 
period o f  observation there was evidently  a permanent

4 >.
increase in  tha size o f  the population in  the canal.
I t  would appear that during 1961^ o r  perhaps even during 
i960, soma fa c to r  wa3 operating on the population o f
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Linnodrilns that leapt the s ise  low, hut that during 
I960 the influence o f  th is fa c to r  was greatly  reduced 
so that tho population was able to  increase and maintain 
i t s e l f  at a high lev e l*  The nature o f  th is  fa c to r  i s  
unknown. I t  would appear un likely  that i t  was a 
clim atic one as the c l  in  at o r/as more severe during-the 
period when the population was maintained at the higher 
level*  During the period o f  observation no pronounced 
physical^ chonical or  b io t ic  changes in the canal were 
rocorded^ although i t  is  possib le  that such changes may 
have occurred before observations commenced. There 
was no evidence that a source o f  organic p o llu tion  entered 
the canal during 1962, although th is could have caused 
an increase sim ilar to the one observed. I t  i s  perhaps 
s ig n ifica n t that the higher population le v e l  was 
in it ia te d  by the unexplained increase in  the number o f  
immature specimens in  Julyj and i t  seems u n lik ely  that 
the two events were independent o f  each other* Despite 
the fa ct that the id en tity  o f  the fa ctors  responsible 
van not determined, i t  i s ,  nevertheless, o f  considerable 
in terest to note that large changes in  the mean density 
o f  the population nay occur from year to year.
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Pitton  Brook

The seasonal changes in  abundance o f  tha speoies 
o f  M nnodrilua in  th is  l o c a l i t y  are shown in  table 23i 
Because o f  tha fa ilu re  to  id e n tify  immature specimens,
I» ,h o ffn e ie teri and B .h elvetlcu 3 are considered together*

I t  i s  evident from tab le  23a that innature 
spocinons fo m  tha hulk o f  tha population throughout tha 
year* I t  seems l ik e ly  that the increase in  the number 
o f  immature specimens in  October 1962 was due to 
specimens that had bred e a r l ie r  in  the sane year. The 
s ise  o f  the population then (gradually declined u n til 
April 19^3* From thos month onwards the sise o f  the 
population increased duo to  the recruitment o f  large 
numbers o f  specimens in to  tha immature c la ss . This 
recruitment had ceased by August 1963.

In  1963 the maximum number o f  immature specimens 
Vas found in  the same month n3 the maximum numberof 
breeding specimens* In laboratory  studies the in terva l 
between tha so two maxima was 4 — 5 months^ but in  February 
only 7 breeding specimens t»ero found. P rior  to  
July 1953J only 34 breeding specimens had been observed^ 
and even assuming the maximum fecundity recorded under 
laboratory  conditions is  rea lised  in the f ie ld  and that 
there is  a very rapid production o f  young, i t  does not 
seem possib le  fo r  them to  have produced 389 individuals



TAELS 23
The seasonal change in  abundance o f  Limnoflrllua
in Tlitton Brook

a) l ,h o ffm e ie te r i am* l.h e lv o t lcn e
1962 19(53

■ A ■ 3- 0 N B J P M A H J J A

Humber of
Trim^u're' "suaeinons ~---------------   jy 16

Bunkor of
nroe^in^ , .1 1
epec'iir&na

«- •* — *• « i * •
94 65 56 29 23 35 17 52 143 389 131 

3 0 0 0 | 0 4 15. 15 19 13

Total number o f
iToaoiriens .-------  30 37 117 67 74 35 4 4 54 22 70 170 454 170

b) 1 , udakemianug
1962 

S 0 IT V  J ? " M' A
1963 

IT J J  A

Bunbor o f  immature’ _ 
Fi^oimenai ' . 1 27 78 138 171 216 50 71 70 44 57 116 62 89

Bumber o f  breadin/t ’
I m o l m n a  ~  t f  0  0  0  0 0 0 1 0 19 7 3 0

.Total number o f  • * ~
joebliw ns r ~-----  27 78 138 174 219 52 82 77 48 79 126 71 91
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by July* I t  ±3 evident, therefore that e ith er  
breeding specimens are under-represented in  the o ample ̂  
o r  that the sampler has not sampled tha 3ama 
nicropopulation  each month, This la t t e r  explanation 
would seam tha nore l ik e ly , a3 i t  .has bo3n demo«stratad 
in  a previous section  (p*3*36) that considerable variation  
in  the re la tiv e  abundance o f  each species from s ite  to  
s ite  e x is ts  in th is  lo c a l i t y .  I t  i s  possib le  that tha 
proportions o f  the d ifferen t maturity classes w ithin 
each species may also vary from s i t 8 to s ite*  This 
was not indicated  by tha duplicate samples^ which agreed 
fa ir ly  w ell in th is  respect, but i t  is  possib le  that i t  
might have been indicated had a la rg er  number o f  
duplicates bean taken. As has been explained e a r lie r , 
(p»5*7)» the number o f  samples taken was lim ited  by the 
time ava ilab le . I f  agregatlon or clumping o f  specimens 
occurs, th is  w ill  accentuate the v a r ia b ility  between 
samples* A further fa c to r  that nay be o f  importance 
i s  the scouring o f  tha stream bed (p*5*3 ) which may 
cause micro populations to nova about* A ll these fa ctors  
w ill  tend to increase the v a r ia b ility  o f  the samples*

A sim ilar situ ation  was observed in  re la tion  to«
the abundance o f  I».udakomisnu3 in the sane loca lity ^
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(tab le  23b), Between October and December I 962 

an increase in  the number o f  imattme spec inane van 
observed. This increase was occurring at a tin e  uhon 
racruitnont from the individuals hatched out in Hay 
and »Tune, the breeding tin o fo r  th is  epooies, was no 
longer p oss ib le . The sudden f a l l  in  number o f  immature 
specimens batmen December 1962 and January 1963 is  
in exp lica b le . Apart from the increase in the number 
o f  immature specimens in  June 19(53 fo llow in g  c lo s e ly  
upon the breeding a c t iv ity  in  the previous month, the 
flu ctu ation s in  the number o f  immature specimens during 
the period o f  observation appear to  bear no rela tion sh ip  
to  the incidence o f  breeding in the population^ I t  
must be concluded, th erefore , that S3 in the case o f  
h .h offm aistori the same population is  not being sampled 
eaoh month.

I t  would appear then that in th is  lo c a l i t y  
egregation and clumping o f  individuals and mobile lo c a l  
populations resulted in  non-representative samples, at 
le a s t  ns fa r  as the sise  o f  the populations was concerned. 
The sample appeared to  give a good in d ication  o f  the 
incidence o f  breeding, and i t s  duration, but were 
le s s  re lia b le  with regard to i t s  in ten sity . . Under 
these circumstance39 the changes in the s i sea o f  the 
populations in  th is  lo c a l i t y  w ill  not be considered 
any fu rth er.
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Windermere

Tha changes in  abundance o f  b .h offm eistari in  
tills  lo c a l i t y  are shown In table 24. The sudden r ise  
in  the number o f  specimens, dua en tire ly  to  a r ise  
in  tha to ta l number o f  immature specimens^ betvjeen 
January and February Is  Inexp licable . In  t ills  l o c a l i t y  
breading occurs a l l  the year round^ but tha monthly 
flu ctu ation s In the number o f  immature specimens boar 
no re la tion sh ip  to  the incidence o r  in ten sity  o f  
breeding a c t iv ity . The same situ a tion  as found in  
Ditton brook appears to occur hero, in  that samples 
taken from tha same place do not sample tlie same 
population from month to month. In th is  respect i t  
i s  o f  in terest to note that the occurrence o f  Tnblfex 
templetoni In the samples shoved no seasonal pattern.
The flu ctu ation s in  population s ize  occurred in  such 
an Irregu lar manner that the population changes w il l  
not be considered any further. I t  i s  evident that any 
seasonal changes are being obscured by sp a tia l variation .

The changes in  abundance o f  h .-hoffneiatari in  th is  
lo c a l i t y  are shovm in Appendix 5. Tho species was not 
found in  3ample3 fo r  four months o f  tha ¿'ear, Sven 
when L .h o ffn c is te r i was present there was l i t t l e



TABIT3 24

The seasonal < 
in  Windermere

Number o f  Immature 
s T ieolmen s " "'...

Number o f  breeding 
epee in» ns

Total number 
o f  specimens?

3?iervre3 in nbnnflanco' o f  I^hoffm eisterl

J ?  h  a n  £ £ a s o n t o

54 405 45 144 108 11 39 19 -28 30 11 22

3 15 3 10 11 1 3 11 4 1 1 1 0  7 

67 455 58 170 133 13 4 5 41 38 4 7 26 32
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agreement between duplicate samples, both with regard 
to  number o f  specimens and the size o f  the maturity 
classes# No attempt i s  therefore made to consider the 
changes in  abundance o f  th is  species in view o f  the 
discrepancies between samples.

fiab.y Pool

Three sp ecie3 o f  M nnodrilus vara found in th is 
lo ca lity #  Tvo o f  them, T.#hofftneistari and Ti.helveticusl 
wore co-dominant. The agreement between samples was 
not very sa tis fa cto ry , both with regard to  the number 
o f  specimens and the s izes  o f  the maturity classes],
(Appendix 3 ). Furthermore, I t  has been suggested 
e a r lie r  (p#3#32) that during.the period o f  observation 
the pool was being poisoned by inorganic chemicals.
This would obviously  invalidate any attempts to  re la te  
the observed changes in population size to  the breeding 
b io logy  o f  himnodrilusl and consequently the population 
changes in  th is  lo c a l i t y  w il l  not be considered any further.

The River Thames
The changes in abundance o f  the species o f  

LimnodrilusI except h#udekemianus. in th is  lo c a l i t y  are 

shown in  table  25* 1« view o f  the in a b il ity  to  id e n t ify
immature specimens a ll  species are considered together^



TABLTS 25

The seasonal changes in abundance o f  lim nodrilna 
in  the K»Thames»

Oct. Dec. Feb. July
Humber o f  immature 
specimana 131 113 104 39 51

Humber o f  breeding? 
specimens 33 128 89 77 97

Humber o f  mature 
and bree din/? *

specimens ' s i 238 190 103 125

In  com piling the above table a l l  species except 
I». udokenianus, were considered together.
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Prom a consideration o f  thi3 table two fa ctors  emerge. 
The f i r s t  is  that the nunber o f  breeding specimens forms 
a high proportion o f  the to ta l  population throughout the 
year* The second i s  that the number o f  mature and 
breeding specimens when considered together i s  grea ter 
than tiie number o f  immature specimens in  four out o f  
the f iv e  samples. This ie  in marked contrast to  the 
other populations considered, where the number o f  
immature specimens i s  always greater than the number o f .  
mature and/or breeding ones, except at the breading 
season* This strongly  suggests that the immature 
specimens ore under-repro non te d in the samples. On 
the data g iven  in  table  25 there are In su ffic ien t 
immature specimens to maintain the population at the 
Scene le v e l  o f  abundance* In an account o f  the l i f e  
h is to r ie s  o f  the species occurring in  th is  l o c a l i t y  the 
incidence and abundance o f  immature specimens \mre 
ignored fo r  th is  reason* As immature specimens are 
under-represented in  the samples no further attempt 
i s  made to analyse the seasonal changes o f  abundance o f  
Linnodrilns in  th is  lo ca lity ^

General considerations.
I t  was suggested in  the introduction to th is  

section  (pi. 5*12) that because o f  the sp atia l varia tion  
that e x is ts  i t  i s  possib le  that samples taken in the



sane place do not n ecessarily  3 ample the sane population 
each month. In the foregoing account ifc has been 
shown that th is  has boon responsible fo r  the observed 
variation  in  the abundance o f species in most o f  the 
lo c a l i t i e s  examined. I t  has accordingly proved impossible ; 
to  analyse the observed population changes in  terms o f  j
the breeding b io logy  o f  each species, , ■ ■ f

At the commencement o f  the sampling programme i t
was impossible to  determine the extent to which ;*
populations night change from month to  month. The j
prelim inary surveys o f  each lo c a l i t y  gave an in d ication  j
o f  the sp atia l variation  in abundance at that time, but ij
could not reveal the existence o f  temporal variation  
a lso i The extent to  which d ifferen t micro populations j<i
had been sampled in  d iffe re n t months could only be 
revealed at the conclusion o f  the sampling programme.
I t  was not revealed by the duplicate samples^ a3 they 
were sampling the same micro population at any one time.
I t  i s  possib le  that had a la rg er  number o f  duplicate 
samples bean taken at each v is i t  and the in tervals 
between v is i t s  been shorter^ the movements o f  the micro 
populations night have been suspected sooner^ However, 
the choice la y  between very deta iled  studies in  one 
lo c a l i t y  o r  rather la s s  detailed  studies in  a number 

o f  l o c a l i t i e s .  In the tine available i t  was not 
possib le  to  do both. I t  was considered at the 
beginning o f  th is  study that i t  would be more useful
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to  determine tha U fa  h istory  o f  each species under a 
number o f  d ifferen t sets o f  conditions^ and consequently 
detailed  studies on one lo c a l i t y  wore not possible*

I t  is  evident from the above remarks that future 
studios o f  tha population b io logy  o f  T.innodrilus must 
take tho form o f  deta iled  in vestigation s in  a single 
lo c a lity *  This w ill  involve a large number o f  
duplicate camples being taken at each vislt^, and the 
in terva l o f  time between v is i t s  should be shorter than . 
a nonthi Future studies should a lso aim at determining 
’./bother the micro populations remain d iscreet o r  are 
on ly  temporary associa tion s. In the former case they 
must aim at try in g  to  fo llow  and sample the same micro 
population^ rather than to  sample at the same place as 
va3 done in  the present study. Only by such a 
programme w il l  i t  prove possib le  to  analyse the 
population b io logy  o f  Mmnodrilus.

d) DISCUSSION

There is  l i t t l e  published inform ation on the 
l i f e  h is to r ie s  o f  any species o f  Xiirrnodrilus with which 
the resu lts  o f  th is  work can be compared. Poddubnaya 
(1959) Gives a b r ie f  account o f  the l i f e  h istory  o f  
L .h o f fe e is te r i , , She divided her spaeinens into the 
same three classes o f  maturity as are recognised hare. 
She found mature specimens present from April to



September, but braading specimens only in June and July, 
The maximum production o f  young occurred in  August 
and September# She consldored that L .hoffm alstarl brad 
only once a year and that breading was s t r i c t ly  seasonal 
I t  i s  d i f f i c u l t  to  conpara her resu lts  here no sha 
was unable to  take .samples • during tha winter months#
In view o f  tha to ta l ly  d iffe ren t clim atic fa ctors  
operating in tha lo c a l i t i e s  in :which she worked l i t t l e  
s ign ifica n ce  may be attached to tha d ifferen ces in  
duration and timing o f-th e  breeding period ...as revealed . 
by hor and by tha author# nevertheless, it., is  o f '  
in terest to note that sha come to the same conclusion 
that tha U fa  cycle  o f  h .h offn a1 st a r t  Is  an annual one. 
Shore are several observations in  tha lite ra tu re  o f  tha 
occurrence o f  breeding specimens o f  tha species o f  
Xiimnodrilus and the month in  which they were.found.
Ho importance can be attached to  these, as i t  has been 
shown that most species o f  Tdmnodrilua in  su itable 
l o c a l i t i e s  are capable o f  brooding throughout tha year# 
In  tha absence o f  any other stud ies, th erefore , the 
subsequent discussion  w il l  be based e n tire ly  on the 
resu lts  presented in  th is  work," , ■. *
v Considering f i r s t  Xi.hof fmeieteri# - there is
ev idently  no set cycle  o f  events in  the l i f e  h istory  
o f  th is  sp ecies . The time and duration o f  the breeding 
period and the age at maturity appears to depend on 

lo c a l  cond itions. Under favourable conditions breading



5.57

may talcs place a l l  the year round, as in the H*Thames*
Under le s s  favourable con d ition s, as at Raby, i t  may 
bo more s t r i c t ly  seasonal. Laboratory investigations 
indicate that specimens may atta in  maturity at any 
time from fou r months up to over a year o ld . The time 
taken to  atta in  maturity and the duration o f  the breeding 
period may be influenced by the nature o f  the substratum.
As the produ ctiv ity  o f  the habitat increases^ maturity 
i s  attained at an e a r l ie r  age and breeding continues 
over a longer period, h .h o ffn e la te r l must therefore 
be considered to be a very adaptable sp ecies . This 
adaptability  is  com pletely consistent with i t s  cosmopolitan 
d istr ib u tion  and tolerance to  a wide range o f  environmental 
conditions.

In the other species o f  Limnodrllus a set cycle  o f  
events in  the l i f e  h is to r ie s  is  more evident. I.udahemiamis 
appears to be a more s t r i c t ly  seasonal brooder, although 
under favourable conditions the duration o f  the breeding 
period nay increase. Specimens do not attain  maturity 
U ntil they are at lea s t  a year oldJ and tlie cycle  i s  
a bi-annual one* This pattern agrees more c lo s e ly  with 
the l i f e  h is to r ie s  o f  species o f  other genera; in  
p a rticu la r Tub I f  a x coat at ns. Aulodrilua r lu r lsa ta  and 
Paloaoolex farox. a l l  o f  which a lso  seem to  have two . 
year cycles  (Prinkhurst, pars.comm.) L»olaparedeanua i s  
a lso  a seasonal breeder. Some specimens may attain
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maturity in  Ians than a yeai% but the m ajority appear 
to  take a year or  over. I t  would seem that the eycle 
o f  th is  species is  prim arily a two year one. Both o f  
these species ara lo so  adaptable than Io h o ffn a is te r il 
and both nro noro lo c a l  in  th o ir  d istrib u tion  although 
gonarally widespread*

L it t le  can be said concerning the cycles  o f 
l .h e lv e t icu o  and L* carvi?;* Both species appoared to be 
able to  bread a l l  the year round^ but th e ir  age at 
maturity was not determined*

Perhaps the no3t important conclusion to  be 
drawn from these l i f e  h is to ry  studies is  the d i f f ic u lt y  
o f  making any generalisation  concerning the l i f e  cycles  
o f  the species o f  lin n od rilu s . When several species 
in  d iffe ren t lo c a l i t ie s  ara considered, certain  trends 
aro evident# There is  scno evidence that the time taken 
to  a tta in  maturity may bo a ch a ra cter is tic  o f  a species^ 
but In general the v aria tion  in  pattern w ithin each 
species is  go great as to obscure any s p e c if ic  
d ifferen ces  that nay e x is t . Many o f  the variations 
appear to be related  to  the produ ctiv ity  o f  the habitat 
o r  to the nature o f  the substratum. Sven i f  a c y c l ic  
pattern o f  events i s  ch a ra cter is tic  o f  a species^ 
several fa c to rs  may combine to obscure i t .  The most 
important o f  these fa ctors  are the a b i l i t y  o f  specimens 
to  bread twice in  the same season and to atta in  maturity
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at d ifféran t ages* Furthermore^ the existence o f  
a nore o r  le s s  prolonged 'breeding period fo l lo w d  
"by a p ro lon g d  production o f  young specimens w il l  give 
r is e  to a sim ilar s itu a tio n ,in  the fo llow in g  season,
The life history of moat apeoies of linnodrilns appears 
to ha fairly adaptable, and there can he little doubt 
that thi3 adaptability is largely responsible for their 
widespread distribution*
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be relevant to  the currant in vestigation , nnd i ”t 
va3 accordingly dacidod t o ■investigate in  some d eta il 
the M elody o f  the parasites.

The' scope o f the investigation  va3 lim ited  to 
two major f ie ld s ?  to determine more about t h e ’'re lationsh ip  
between the parasite and. i t s  invertebrate ho3tJ and to 
investigate the growth^ development and l i f e  cy cles  o f  
the parasites themselves. I t  was important to  ascertain  
whether Archiretes was s p e c if ic  to binnodrilua. as 
prelim inary observations had indicated, and whether the 
presence o f  parasites had any deleterious e f fe c t s  on 
the host. 'It-w as considered that a knowledge o f  the 
b io logy  o f  the parasites would be a help towards th e ir  
correct id e n tif ica t io n . There were two further reasons 
fo r  pursuing th is  course o f  in vestigation . The 
parasites were found during routine co lle c t io n s  o f  
himnodrilus and th e ir  b io log y  could hence be studied 
without much additional increase in labour, Furthermore, 
the inform ation gained would be o f  considerable importance 
in  the e lu cidation  o f  the ArchIgetea problems. I t  was 
considered that a comparison o f  the b io log y  o f  the genus 
in  th is  country with current studios in Russia and 
America would be p a rticu la r ly  in terestin g .

As a consequence of these stud ies, f iv e  species 
o f  Caryophyllaeidae wore found to  occur in B rita in .
Threo o f  them are now B ritish  records. The species 5
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recorded a re t-
Ppnily Caryophyllaaidaa, Leuckart 1878.

Subfamily Caryophyllneinaa, Nybelin 1922.
Ganuo Caryophylloeus, Gmalin 1790

Ca.ryophyllaeua 1 * tleers  (P a lla s , 1701)
Genus Archivete3, Leuckart 1878.

Archivetea s ieb o ld i Lauckart, 1078 Hew 
B ritish  record .
A.brachyurug Hrazak. 1908.New B ritish  record. 
A .gobii (S s id a t), 1930 n.conb. Haw 
B ritish  record . ,

Subfamily Lytocestinae Hunter, 1927 
Genus Cnryophyllaaides Uybelln, 1922

Caryopliyllaaldaa fan nice (Schneidar, 1902) 

an. Nybalin, 1922
The conus CnryophyllneIdas was found in  tha vertebrate 
host only. This l i s t  is  probably not complete^ and 
fu r th e r in v e s tig a tio n s  w ill  no doubt,add to i t .
Archinetas. as can be seen, io  ratair.ad as a va lid  genus 
and is  rodescribed, together with tha spacias recorded 
in  the survey. Preliminary studies were carried  out on 
the b io logy  o f  A .gob li. Information on host s p e c i f ic i t y  
and the e f fe c t  o f  .the parasite on the host vms gained fo r  
a ll ,s p e c ie s  o f  parasite and host. The studies o f  
the l i f e  h is to r ie s  o f  Arohlgetes also involved an 
examination o f  possib le  vertebrate h osts . l in a l ly ,



an attempt has been made to  re la te  the l i f e  cycles  
and the decree o f  progenetic development exhibited by 
Archl/retes to  the l i f e  cycles  o f  the Caryophyllaeidae 
in  general.

b) METHODS,
I n i t ia l ly  parasites ware co lle c te d  during routine 

examination o f  hosts. I t  was la te r  found necessary to 
obtain more specimens than was possib le  in  th is  way  ̂
and additional methods were tr ie d . Instead o f  examining 
individual specimens, large numbers o f  tu b if ic id s  wore 
immersed a liv e  in a so lu tion  o f  pepsin. It  was hoped 
that the host3 would be digested and the parasites l e f t .
I t  vaa la te r  found that young parasites were also digested 
and the method was consequently abandoned. I t  
subsequently proved possib le  to  recognise in fected  
tu b if ic id s  with the naked eye, and large co lle c t io n s  o f  
worms could be examined rap id ly  in th is  way. This was 
the only method used in  the examination o f  laboratory 
cu ltu res. I t  had the advantage that inform ation could 
be obtained on most aspects o f  the host-parasite  
relationship^ but had the disadvantage that the degree 
o f  in fe c t io n  could not be determined.

A fter recording the necessary information on the 
h osts , the parasites were d issected  out o f  them. I f  
the parasites were a live  at th is  stage they were 
transferred  to  water and allowed to sw ell u n til



stim ulation produced no response. They were then 
transferred to  a solu tion  o f  a lcoh ol-forrao l-acetie .
I f  the hosts had been cleared in Annan’ s lactophenol 
fo r  routine examination, the parasites were removed 
in  the same i/ay but-vara preserved in lactophenol.

In it ia lly J  several stains ware t r ie d , including 
cotton  blue and aceto-oreein , but these proved 
unsatisfactory . L atterly  Mayer’ s paracamine was 
used fo r  a l l  whole nounts. The procedure was the sane
whichever fix a t iv e  had been used. Specimens vara 
transferred to  45i> a ce tic  acid  and l e f t  fo r  20 minutes. 
They wore than stained in  Mayer’ s poroeam ine, made up 
by d ilu tin g  a 5 n l. a liquot o f  concentrated stock 
stain  to  100 n l. with 45^ aoatic acid . ' Staining was 
f o r  approximately 6 hours. A fter stain ing, the specimens 
ware transferred to  45f» a ce tic  acid and rinsed f o r  5 mins. 
They were then dehydrated in  g la c ia l a ce tic  acid fo r  
5 to 20 mins. Clearing took place in three stages.
The specimens v'ere l e f t  in  3*1, 1*1 and 1* 3 g la c ia l 
a ce tic  acidnet-hyl sa licy la te  mixtures u n til they sank.
They were than transferred to  pure methyl sa lie y la te . 
Specimens %mro mounted in Canada balsam or  Hymount 
(S.Gurr L td .) .  No counter sta in  was used.

Por examination o f  possib le  vertebrate hosts adult 
f is h  were co lle c ted  by use o f  a g i l l  net o f  29 mn.meshj 
knot to knot. The in testin es  were examined as soon
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after captura as possible. The parasitas \^are fixed 
in  A.?.A, and stained as above,

c) THE HOST

1) Host B-neclfioit.y
Wisniewski (1930) concluded that tha genus 

Archlgates was s p a c ific  to lim nodrllus and e sp e c ia lly  
to  L .h o ffn e la te r l. These conclusions ara confirmed 
in  the present study. Table 26 shows the occurrence 
o f  some o f  tha B ritish  species o f  Caryophyllaaidae in  
re la tio n  to  the possib le  tu b if ic id  h osts . I t  i s  
evident that Archlgetea i s ,  in  fa c t , s p e c if ic  to 
himno dr l lu s l whereas Caryor.hyll reus Is apparently 

unable to  in fe c t  specimens o f  th is  genu3, Tha larval 
stage o f  Carvorhyllaaldes fennica and i t s  intem adiate 
host have not been seen in  B ritain .

Experimental studies confirmed that Archiretes 
i s  s p e c if ic  to himnod rilu s , Populations o f  several
species o f  several genera o f  tu b lf ic id s , including 
specimens o f  h .h o ffr ie ls te r l parasitised  by Archl^etes. 
were set up in  the laboratory . The development o f  the 
parasites v/as follow ed through two generations. I t  
was found that only species o f  himnodrHue were ever 
in fe cted . Sim ilar situ ation s ware found under f ie ld  
con d ition s. In tha H.Thanes a l l  three B ritish  species 
o f  Archivetes  and fourteen species o f  tu b if ic id s  occurj 
but Archivatas was found only to  in fe c t  himno d r ilu s .
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Table 26 also'shoves that there is  no c lea r  
re la tion sh ip  between the species o f  Archivetee and the 
species o f  T.irmodrilns. The connohest host appears 
to be L. h o ffh e in te r !I but th is  is  almost ce rta in ly  because 
i t  i s  the commonest species o f  T.lmnodrilus in  B ritain .
Only A .gobii was recorded from both 1 . cerv ix  and 
I.clnyaredaanus, but th is  is  not n ecessarily  evidence 
f o r  a greater range o f  s p e c i f ic i t y .  Both species o f  
t u b if ic id  are re s tr ic te d  in  th e ir  distribution^ whereas 
A .gobll was the commonest sp ecies  o f  Archigates encountered. 
As L .ha lveticus is  very re s tr ic te d  in i t s  d istrib u tion  
the fa ilu re  to fin d  in fected  specimens cannot be 
considered s ig n ifica n t.

The fa ilu re  to find in fected  specimens o f  
L.udekemianua deserves further consideration . This 
species occurred abundantly in  regions o f  the B.Thames 
in  which Archigetes was a lso  found, but no in fected  
specimens were ever recorded. In laboratory  cultures 
a l l  attempts to in fe c t  L,udekenlanua proved unsuccessful.
I t  would appear, thenj that th is  species is  immune to  
in fe c t io n  by Archlgatesj o r  that i t  i s  l ia b le  to  in fe c tio n  
but by reason o f  i t s  feeding behaviour avoids i t ,  Either 
o f  these explanations may a lso account fo r  the absence 
o f  Archigetes in  other genera and the absence o f  
Caryophyllaaus in  Linnodrilus. I t  is  not possib le  
at th is  stage o f  in vestiga tion  to determine which
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explanation is  co rrect.
In an attanpt to  determine whether Archivâtes 

also in fected  a vertebrate host, f is h  ware examined 
at regular in terva ls throughout the summer from the 
Shropshire Union Canal, No Archivâtes vare fo$nd.
Outside of Britain a l l  species o f  Archivâtes have 
been recorded from f is h j generally  species o f  the fam ily 
Cyprinldaa (Kulakowskaya, 1962; Calent in s, 1962) f 
but A. v ob il is  a lso known from the Cobitidoe (Ysnaguti,
1934).

The above conclusions concerning the s p e c i f ic i t y  
o f  Archivâtes agree w ell w ith 'the observations o f  many 
authors. Wisniewski (1930) found the genus to be 
s p e c if ic  to  Idmnodrllus under f ie ld  and-laboratory 
conditions. Archivâtes brachyurus has been recorded 
from X i.hoffneleteri and L. clanvro de arms' (Kulakowskaya, 
1961,1962). Archivâtes v ob il ( a s ' O laridacris lim n o d r ill) 
ha3 only been recorded from Blmnodrilus indet. (Yomagutii 
1934). Archivâtes s ie b o ld ll ho’ «everj appears to  be 
le s s  s p e c i f ic  outside B rita in . I t  has been recorded 
from Xi.hoffm eiatari  ̂ I», olararedeanus and Tubifex tu b ifex  
(Kulakowskaya, 1962). In view o f  the taxonomic confusion 
that has lon g  existed  in  the tu b if ic id s  and the 
fa ilu re  o f  Kulakowskaya to  record whether her oligochaete 
id e n t if ica t io n s  ware confirmed, i t  would be in terestin g  
to  have these id e n tifica t io n s  checked. Archivâtes 

s leb o ld i has also been reported in L.udakehlanus (Marcus *4°)
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and th is  record is  o f  p a rticu la r in terest as i t  is  
tha only rocord o f  T..udekeninnns bains in fected  with 
A rchim tes. There is  l i t t l e  doubt that the Id e n tifica tio n  
o f  the host was correct but the id e n tity  o f  the parasite 
is  lo se  certain* Archivetan iowenaisl a North Anerioan
sp ecies, was also found to  be s p e c if ic  to  Limnodrilus 
(Calentine, 1962). Experimental in vestigation s shoved 
that i t  was unable to  in fe c t  1 ,udekenlanus o r  any species 
o f  Tublfaxl (Calentina, pars*com .) I t  has also been 
shown (CaLentina^ p e r s .c o m .)  that Biacetabulum. a conus 
o ften  confused with Archl/wtaa. i s  s p e c if ic  to Tnblfex.
I t  would seen possib le  that Kulakowskaya’ s ( 1962) 
record o f  A. n iebold i iron  T .tn h ifex  nay have been a 
record o f  Biacatabulum. as these two cenera were o ften  
confused by her ( p .6. 26).

Outside B ritain  other species o f  Ceryophyllaaidea 
are known to in fe c t  T .lnm drllns. H larldaoris ca toston l 
and U .o llrorch is  have been found to  in fe c t  B.udalcemienua 
under experimental conditions by HaeCrae (1961). Under 
f i e ld  conditions Khavia sinensis has been found in 
L .h offm oisterl and L.udakemianus and Cnryorhyilreus 
brnohycolls in  B .h offm olsteri by Kulakowskaya (1962).
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2) Tho host -  parasite ra latlonsh if)

In the fo llow in g  account a l l  sp ec ie3 o f  parasite 
and a l l  species o f  host resp ectiv e ly  are considered 
together, as observation fa ile d  to  ind icate any s p e c if ic  
d iffe ren ces  in  the host -  parasite re la tion sh ip .

The s ite  o f  the parasite in  the host varies with the 
state o f  n atu rity  o f  both the host and the parasite .
Very young parasitea are usually  found in  coelom o f  the 
p o s te r io r  s e c a n ts  o f  the tu b if ie id  (Kulalcowskaya, 1962a; 
and personal observation ). They then nova forward and 
cone to l i e  in  the reg ion  o f  segments 9 to  15* I f  no re 
than one parasite i s  present they nay extend no re 

p o s te r io r ly . In  immature hosts the parasites l i e  in 
tho general body ca v ity , but they nova in to  tho t e s te s -  
sac3 as soon as these develop. The parasites are 
generally  reported to  occur in  tho body ca v ity  o f  
tu b if ic id s  (Joyeux and Baer, 1 9 6 l)¡ bu t* it i s  suspected 
that th is  is  due la rg e ly  to  the fa ilu re  to  record the 
exaot p os it ion  in  the h ost¡ The sco lex  o f  the cestoda 
nay be d irected  e ith e r  toward the anterior o r  p os te r io r  

end o f  the h ost.
The number o f  parasites per host appears to be 

re la ted  to  the state  o f  n a tu rity  o f  the parasite (Table 2?)* 
A maximum number o f  20 pr ra s its s  per host was found by 

the author^ but Kulnkowskaya (1962a) has recorded an 

in fe c t io n  o f  29 parasites per h ost. Such high



TABLS 27

The nunher o f  parasites par host and lta  re la tion sh ip  
to 'th e 's ta t e  o f  maturity o f  the •parasite»

' Kucher ~of parasites per hoot

Maturity o f
parasite : 1 g d2L £ ¿ - js I 8 1 12.** >14 »*• 20

I'.and II 6 4 2 5 3 2 1 0 0
*

3 .1 ■ 1
I I I 20 10 2 1 0 1 0 0 0 0 0 0

IV 17 2 0 0 0 0 0 0 0 0 0 0

V 23 3 1 0 0 0 0 0 0 0 0 0

Only parasite a o f  the genus Arohlgetes and hoots o f  
the genus Lirmodrilua are considered*

Legend.
I  and I I  «  Parasites without genitalia* *
I I I  Parasites with g e n ita lia  hut 'without eggs.
IV a Parasites s ta rtin g  to  produce eg g s .“
V »  Parasites gravid. : ; .
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numbers ara recorded only under experimental conditions; 
under natural conditiona tha maximum recorded by th is  
author v/aa 4» and by Kulakovskaya (1962a) 8, As the 
maturity,,of the parasites increasesj the number per 
host declines so that there is  generally  only a .s in g le  
gravid specimens per h ost. This decline in the number 
o f  parasites x>er hoot has a lso been observed in  iso la ted  
specimens o f  T.innodrllns. I t  t/ould seem to  indicate 
that e ith er  in tr a -s p e c if ic  com petition occurs among 
the parasites, o r  that there is  a host mechanism fo r  
preventing excessive p a ra sitisa tion . Under natural 
cond itions, specimens in  m ultiple in fe ction s  are generally  
at tha-same..state o f  maturity. Under experimental 
conditions^ the parasites nay be at a l l  stages o f  
maturity. M ixed-species in fe ction s  have not been found.

The re la tion sh ip  betrfoen the state o f  maturity 
o f  the parasite and that o f  the host is  shovm in  table 23. 
V/hen a l l  observations are considered (Table 28a) no 
re la tion sh ip  i s  apparent. Mature parasites are found 
in  hosts o f  a l l  stages o f  m aturity. Wien observations 
from naturally  occurring In fection s only are considered 
(Table 28b), a more d e fin ite  rela tion sh ip  is  apparenti 
I t  is  evident that nature parasites tend to  occur in  
mature h osts , A more deta iled  consideration o f  th is  
re la tion sh ip  i s  not possib le  at present as the determination 

o f  tha state o f  maturity o f  both host and parasite i s



TAHr.fl 2$

The rela tion sh ip  batm en the state o f  
maturity o f  Archlyotas an'! the state o f  
maturity o f  binnortrilue«’ ' '" -

a) Laboratory nru? f ie ld  observations

Maturity o f  parasite

Maturity o f  host 1 2 - 1 2

1 . «M0 4 10 22 3 9
2 3 5 19* 8 2

' i  - 1 0 6 6 19

b) Field observations only

Maturity o f  parasites
Maturity o f  host 1mm 2 " 1. ■ i . I -

1 2 2 12 1 3
*

2 0 3 15 7 3
■' 1  ' 0 0 ; 5 : 3 19

For explanation o f  ota.~es o f  maturity see text*
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somewhat arbitrary^ and the states o f  maturity 
recognised fo r  each are sot n ecessarily  homologous^

This tendency o f  the host and parasite to  mature 
together represents an in terestin g  adaptation o f  the 
parasite^ As indicated in  Chapter 4 the m ajority o f  
Llmnodrilus die a fte r  breeding, and hence an immature 
parasite in  a mature worm would have a remote chance o r  
completing i t s  l i f e  cy c le . This fa c to r  would be o f  
le s s  importance i f  the parasite normally completed i t s  
development in  a f is h  h ost, provided that i t  reached 
on in fe c t iv e  stage early  in i t s  development and that 
the feeding behaviour o f  the f is h  was not se le c tiv e  
with regard to  the state o f  maturity o f  the tu b if ic id . 
Where the parasite custom arily unlergoes neotanous 
development, as appears to  be the case heraj such an 
adaptation appears to be o f  obvious survival value to  
the parasite . On the other hand i f  the parasite
matures in  an immature hostJ i t  may reduce the chance*
o f  the host completing i t s  l i f e  cycle  (see section  3) 
which could u ltim ately a lso be disadvantageous to  the 
parasite . That such a re la tion sh ip  i s  not evident 
under experimental con d ition s should not be regarded 
as s ig n ifica n t . At the commencement o f  the experiments 
se le c t io n  was exercised  in  favour o f  gravid parasites 
and breeding and vary young tu b if ic id s . Ouch arb itrary  

se le c t io n  may have upset the natural tin in g  o f  the l i f e
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cy cles  and the re la tion sh ip  between then. Po3slbly 
corre la ted  with th is  adaptation la  the observation by 
Calentine (p ers .con n .) that innature tu b if ic id s  are 
noro e a s ily  in fected  than nature ones.

The degree o f  in fe ction  by the parasite and i t s  
seasonal varia tion  i s  shown in  table 29, The in fe ction  
i s  expressed as a percentage,, in terns o f  tho number o f  
Pinnodrilus containing parasites in re la tio n  to  the 
number o f  Tilmnodrilus examined. Ho account i s  taken 
o f  the number o f  parasites per host or the number o f  
tu b if ic id s  o f  other genera examined. In  the H,Thames 
the number o f  h.ud^kemianns examined is  a lso ignored^ 
as th is  species does not appear to  become in fected  in 
B rita in , I t  Is apparent from table 29 that there Is no 
pattern o f  seasonal infection^ and the percentage 
in fe c t io n  fo r  the same month in  successive years may 
be vary d iffe re n t . I t  is  further apparent that there 
i s  no s im ila r ity  between the seasonal patterns o f  
in fe c tio n  in  d ifferen t l o c a l i t i e s .  I t  i s  considered 
unwise to  attempt to  draw any further conclusions 
from these resu lts  at th is  sta g e 'a s  i t  is  evident that 
the presence or  absence o f  a single  specimen could cause 
a large varia tion  in the percentage in fe ction .

The overa ll rata o f  in fe ction  is  very low. The 

maximum degree o f  in fe c t io n  Is higher in the Canal than 

i n -the IUver (l© *l£ as opposed to 5 * 6 f  ) t but the



TAm,S 2«?
Th& sé a so n a i v a r ln t t o r t  I n  th è  f e r r e o  o t  I n f e c t lo n  o t  L irm o d T Ì2 u &  
by A rch ia te  e. - ■

a) Iha Shro-nshirg Union Canali Backfortf. z

19&1 1962 1961
15 J ?  M A M J J A S 0 F 15 M AHtiabar1 o f  "*■' ~  . •"* ~ — — r* —\ “

Z lm M W n u s  159 69 193 101 91 20? 164 335 160 347 189 167 184 176 179
e araci ine g •

Flambar '■■■.'  ' • ' * • •
I S H l S i  8 T  10 4 2 4 5 3 1 4 1  0 2 3 3
Percenta-«® •' ' ■ - ' —
in fe r io r i  7 5*0 lO il  5.2 3.9 2 .2  1 .9  3 .1  0 .9  0 .6  1*2 0 .5  0 1 .1  1 .7  1 .7
b) The H,Aliarne&’m Ra adirar ....

..
1962

Oet. Jferc. feb . ' 1963 
■ Efo-V " £LZ.

Number of L lanoirilua  ’
8 ¿sardine d ■■... 227 *

* . *’ . . 
35! 292 142 179

Nunber in fa  età d : - 8 • . 9 1 ' ■ ■ ; 2 IO

Percenta/^e in feetion 1 . 3 2 .6 0 .3 1U 5.6



6.14

degree o f  In fection  in  both lo c a l i t i e s  ra re ly  exceeds 
4.05C This agrees quite vrell with the degree o f  in fe c t io n  
recorded by other workers. Calentlne (p e r s .c o m .)  
found an ov era ll in fe c tio n  o f  3*7^ tdth a maximum o f  
5.4^» and Kulskovskaya ( 19 6 2 ) 1 -  2 /, under natural 
cond itions. Both authors \ êre in vestigatin g  riverine 
lo c a l i t i e s .  The degree o f  in fe ction  in ponde and sna il 
streams is  usually higher. Kulakovskaya* (1962) records
8-10^, Berg (194-8) 305' and the author has recorded 14^ 
fo r  a pond. Under experimental conditions Calentina 
( pors. c o m .) and the author have found low degrees o f  
infection^ in  the region  o f  1 -2 ^  but Kulakovskaya (1962a) 
has recorded experimental In fection s o f  up to  50'/>*

3) The e f fe c t  o f  the parasite on the h ostl
Kulakowskaya (1962a) made an intensive study o f  the 

e f fe c t s  o f  the parasite on the host. She concluded that 
the cestodas were capable o f  causing considerable damage 
to  the tu b if ic ld s . According to  her account an in fe c t io n  
o f  10 o r  more Archigates per host ultim ately caused i t s  
death. The development o f  the parasite in  the oligochaete 
prevented i t s  g en ita lia  from developing' o r , i f . t h e i r  
development had commenced, caused them to  disappear* She 
further reported that in fe c t io n  resu lted 1A the tu b lfio id a



becoming th in ; in  the body v a i l  becoming weak in  the ij
I !'

sa lien ts  occupied by the parasites; and that lib a ra tion
o f  the parasite caused the death o f  the hosti |. »■

None o f  her f in d in g  has been substantiated here. J 
As indicated on p*6.11, a heavy in fa ction  o f  parasites \\

i ; (resu lts  in the death o f  nost o f  the parasites, not o f  1
the hosti I t  has been shown (p*. 6. ill and table 28) that ¿I
nature parasites are usually found in nature hosts i . e .
tu b if ic id s  possessing gen i t  a l l  ai and that the host and

' ............  u
parasite tend to  nature t o o t h e r .  Observation on the ' 
development o f  parasites in iso la ted  specimens o f

r i
Limnodrilus has shown that the development o f  the h o s t 's  
G enitalia  is  unaffected by the presence o f  the parasite.
The author has been unable to  fin d  any evidence that 
in fected  worms become weak and th in ; on the contrary jj
in fected  specimens are o ften  large'and robust*

In the present study i t  has been found that the 
presence o f  parasites has no apparent deleteriou s e ffa o t  
on the host u n til egg lib e r a t io n  occurs^ The mechanism 
o f  th is  varies. I f  the eggs are shed in to the body 
ca v ity  o f  lin n od rilu s . as occas ion a lly  happens in  A.ffobll 
and commonly in  A.lowensls (Calentine, 1962), l i t t l e

!damage occurs. I f ,  however, the parasite i s  lib era ted
in tact by rupture o f  the host\ as in  K m 'b i i  ( p i 6.40 )\

then death o f  the tu b if ic id  may fo llow . 13 van th is
i s  by no means in ev ita b le . I t  has been shown in

Chapter 4 that Llrmodrilus i s  capable o f  regenerating postaria
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Dogncnts provided s u ffic ie n t  anterior s a i n t s  are 
D t ill  present, and such regeneration follow ing lib eration  

o f  the parasite has occasionally been observed.

Nevertheless, the p o s s ib i l i ty  o f  m orta lity  occurring  
must be considered to  be higher as a d irect resu lt o f  
rupture o f  the h ost. This appears to  be the only 
deleterious e f fe c t  o f  Archi,m§tes upon b lnnodrilus.

Prom the foregoing  account i t  is  evident that the 
re la tion sh ip  between Archivistes- and Linnodrilus i s  a 
balanced one in which l i t t l e  mutual interference occurs. 
Both host and parasite show certa in  adaptations which 
help  to  maintain th is  balance. I t  cannot be accepted̂  
as Kulakow33caya (1962a) suggested^ that the parasite 
causes considerable damage to  the h ostsj and that th is  i s  
the sign o f  an unstable relationship^ Ihe degree o f  
in fe c t io n  o f  the host is  so low and the e f fe c t  o f  the 
parasite so slightJ except on a few in d iv idu als, that 
the ov era ll influence o f  the parasite population on 
that o f  the host must be considered to  be n eg lig ib le*

d) TH5 PARASII5
In the fo llow in g  account o f  the taxonomy and b io logy  

o f  Arohlgataa i t  has bean found convenient to treat the 
aspects studied under appropriate headings. I t  must be 

emphasised^ however^ that these d iv is ion s are a r t i f i c ia l  

and fo r  convenience only| that the kno’Pledge o f  one
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aspect o f  the b io logy  often  contributed grea tly  to  
an understanding o f the knowledge o f  other aspects. In 
p a rticu la r i t  i s  considered that the taxonomy o f  the genus 
can no longer be studied on the basis o f  m orphological 
characters only. A knowledge o f  the b io logy  o f  the 
species proved essen tia l to  an understanding o f  the 
systematic relationsh ips o f  the genus.

Before proceeding to an account o f  the b io logy  of 
Archigetas the terminology employed requires consideration . 
Many o f  the terns in  general use fo r  describing stages 
in  cestode l i f e  cycles  vera found to  be inappropriate whan 
applied to  Arohigetes. due mainly to the a b i l i t y  o f  
specimens to undergo neotenous development. Thus  ̂
the procarooid is  described by Vardle and McLeod (1952) 
as a so lid -bod ied  larva in vhicli the onchospheric hooks 
are retained and in which the future hold fast has not yet 
d iffe ren tia ted , and the p lerocerco id  as a so lid  larva  in  
which the future hold fast is  present but from which the 
embryonic hooks have disappeared. The p lerocerco id  stage 
i s  said to  begin with the shedding o f  the cercomar o r  
lo s s  o f  the hooks and to  d i f f e r  from the adult only in  the 
absence o f  segmentation and g en ita lia . In the case o f  
Archigetes. however, the onchospheric hooks and the 
cercomer p ers is t  throughout most, i f  not a l l '  o f  i t s  l i f a j  

and occur simultaneously with the bothria  and g en ita lia .
I t  i s  evident^ therefore^ that the terns procercoid  and 

p lerocerco id  have l i t t l e  meaning in  re la tion  to  the
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l i f e  cycle  o f  Arc hi rmtee ! end they have consequently 
been abandoned. Reference is  made instead to  the la rva l 
and adult stages. The adult i s  characterised by the
presence o f  eggs. The terms intermediate and d e fin it iv e
also have l i t t l e  meaning in  re la tion  to  the hosts o f  
Archlgstes. I f  specimens mature in  fish^ then the 
tu b if ic ld  i s  the intermediate host? i f  they mature in  
tu b if ic id s  the invertebrate is  the d e fin it iv e  h ost. To 
avoid confusion these terms ore not used^ and reference 
i s  only made to  invertebrate and vertebrate hosts.

1) The taxonomy o f  Arch!reten.
* The systematic p os ition  o f  Archivetes and the 

re la tion sh ip  o f  th is  genus to  others in  the fam ily 
Caryophyllaeidaa ha3 long been a problem. I t  vsg 
regarded by Wisniewski (1930) and subsequent authors 
as an aberrant genus^ the members o f  which were to  be 
regarded as neotenic procercoids maturing in the 
invertebrate host. In accordance with th is  viev? species 
m orphologically  resembling Arciiigetes but occurring  in  
f is h  ire re autom atically assigned to  other genera 
(S sidat, 1937* 19381 Janissewska^ 1950). A3 more 
inform ation on l i f e  cycles  became available and more 
species were recorded from f is h  the genus became 
depleted, and according to  Kulakovskaya (1962)



contained only 'A. s le b o ld i. C o-incidental with these 
chances the view o f  Archigates as a d is tin c t  genus cane 
to he questioned ( Janissev3ka, 1950, 1954) and i t  was 
considered that •'species* o f  Archice tee were in  fa ct 
procanetic larvae o f  species o f  other genera known fron  
fish* This led  to  the in clusion  o f  sp ecies , h itherto 
assigned to  Archicetea, in  other genera with which they 
frequently showed l i t t l e  a f f in it y .  As a necessary 
coro lla ryy  progenetic development was recognised as 
occurring in  several genera. The fundamental reasons 
hohind these transfers would appear to  be the assertion  
by Wisniewski (1930) that species o f  Arohigates could not 
in fe c t  fish^, and the fa ilu re  to  rea lise  that the 
designation o f  a genus described fron  progenatic larvae 
was not in va lid .

The a lternative view, that Wisniewski (1930) 
may have been in correct and that species o f  Archicetes 
might be capable o f  in fe c t in g  fish^ appears not to  have 
been considered. The designation o f  the genua is  
p e r fe c t ly  va lid  according to the International Code o f  
Zoologica l Nomenclature. Accordingly^ -when form3 that 
resembled Arohigetas were la t e r  described from fis h  i t  
would have seemed more lo g ic a l  to have recognised them 
as belonging to  th is  germs rather than assigning them 
to  other genera. The mere fa ct that Wisniewski (o p p .c i t . )  
did not find any specimens from fis h  did not mean that 

they did not occur in  a vertebrate host; the p o s s ib i l ity



that they might la te r  ha found should have bean 
recognised# Conolursiva p roo f, however^ could on ly  
cona iron  l i f e  cycle  studies in  which i t  could he 
shown that specimens recognisable m orphologically as 
belonging to  Archivetea wore a lso  capable o f  in fe c t in g  
fish# Such studies were carried  out by Calentine (1962) 
and Nybelin (1962)^, who showed that species o f  Archigetes 
could and did in fe c t  fish#

Once th is  i s  appreciated, a re-appraisa l o f  the 
systematic p os ition  o f  Archlgstea can be made# The genus 
may now be ro-dafined  to  taka account o f  the morphology 
and l i f e  cy c le s  o f  the sp ecies , A ll species o r ig in a lly  
described as belonging to  Archlgetes are known to  be 
capable o f  undergoing profcenetio development| and these 
may now be united again into a single genus# Wisniewski*s 
(1930) d e fin it io n  o f  the genus i s  accepted heraj but with 
reservations re la tin g  to  the l i f e  cycle# In  particu lar 
the genus la  now characterised on, in  addition  to  
m orphological structures, the a b i l i t y  o f  specimens to  
become gravid in  the invertebrate, but th is  is  no 
lon ger considered to  be ob liga tory . The genua i s  
ro -defin ed  as fo llow s*-  
Genus Archive to s Leuelcart, 1878*

Mngno.llg
Small (2  mm# -  6 mri#) 0 ar y 0phyllno i  da with the 

characters o f  the fam ily. The la rv a l stage p a ra s itic  

in  the body cav ity  o f  tu b if lc id s j almost ex clu s iv e ly
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those o f  tha corns Limnodrilus* The adult stag© way 
be p a ra s itic  in  e ith er  tha body ca v ity  o f  tu b if ic id s  o r  
in  tha in testina  o f  freshwater ta laoats, p a rticu la r ly  
those o f 'th e " fam ily Cyprinidae, A ll species are capable 
o f  a tta in ing  maturity in  the invertebrate host. Two or 
more bothria  present on the scolax , A carcomer^ bearing 
6 embryonic hooks at the p oste r io r  end, i s  present in  
the la rv a l stage and may p ers ist in to  the adult, Frontal 
glands not extending p o s te r io r ly  to  the sco lex . Uterine 
¿¿lands present or  absent. Genital opening covered by a 
te¿junent. Vagina possessing a d is t in c t  seminal 
recep tacle . Cirrus opening into a gen ita l atrium*
Cirrus pouch round. Well developed excretory  system 
in  the form o f  an irregu la r net, appearing at the p osterior  
end in  6 to  7 ampullae, I3gga operculate, not hatching 
in  free sta te . Invertebrate host in fected  by ingestion  
o f  embryonated eggs. C ilia ted  oncosphere lack in g .

As pointed out by Galantine (1962) the presence 
o r  absence o f  a cu ticu la r  covering o f  the g en ita l pore 
and the possession o r  lack  o f  an excretory  bladder may 
be considered as d ifferen ces between the larva  and tha 
adult**

Tha morphological ch a ra cter istics  o f  Arohiretes 
as described above are very sim ilar to  those o f  
Biacetabulum as described by Hunter (1927), and there has 
been considerable confusion  between the two genera. This 

has been compounded by tha fa c t  that Hunter described



h is  specimens from fis h  hosts at a t ira  when i t  was not 
rea lised  that Archirotas could also parasitica  a , 
vertebrate host* When Archivâtes was f i r s t  discovargd 
from a f is h  host i t  was consequently assigned to .
B1 acetabulum. Tho major d ifferen ces  between the two
genera appear to  be in  tha arrangement o f  the excretory  
system, the s p e c i f ic i t y  o f  tho invertebrato hosts and 
tha in a b il ity  o f  Biacetabulum to undergo progenetic 
davolopmant (Calontina, par3 .com . ) I t  may also be 
noted that with the exception o f  B.append iculatuml to  
be discussed lator^ a l l  described speciesi o f  Biacetabulum 
can be distinguished from a l l  described species o f  
Archivâtes^ Species o f  Arch iretea hove a lso  been 
attributed  to  G laridaorinI p r in c ip a lly  by Yanaguti (19595* 
These tran sfers w i l l  bo discussed later* Most o f  them 
appear to  have been occasioned s o le ly  by the fa c t  that 
tha specimens vara found in  a f is h  hostj and in  the 
absence o f  any evidence» can not be accepted here, f o r  the 
reasons discussed above* ;

Many o f  the characters o r ig in a lly  used to designate 
the specios o f  Archivâtes have since been found to  be 
u n satisfactory  owing to  the range o f  varia tion  exhibited 
by them. This applies p a rticu la r ly  to the shape o f  the 

sco lex  and the number o f  bothria. Other characters 

appear to  depend upon the state o f  maturity o f  the 
specimen^ in  p a rticu la r the continu ity  o f  the v it e l l in e



elands in  th e 'reg ion  o f  the ovary^ the extension 
o f  the uterine loops to  the le v e l o f  or beyond the cirru s 
sac and p oss ib ly  a lso the presence or  absence o f  uterine 
glands. In  the present study particu lar emphasis has 
been placed hpon the number and arrangement o f  the testes  
and whether they extend beyond the v lt e l la r ia  in  the 
anterior region  o f  the body. The so appear to  provide
the most d iagnostic characters.

Archlgetsfl s leb o ld l T.enckart, 18?B

Synonyms*
A.annendiculntus Mrasak. 1897.
B iacetabu lw  s ie b o ld it Szldat, 1937 , ... .
% annendiculatum* Jnniazevakaj 1950* 
flaserlntiom  -  .,

With the characters of the genus. At the 
commencement o f  egg production average length 1*5 mm 
(1 .1  to  2*5)if average breadth 0*4 mm* (0*3 to 1*0),
Scolox bearing single d is t in c t  bothriura on dorsal and , 
ventral surfaces, Testes numbering 90 (75 to  99)» 
and extending from neck region  to  cirru s pouch* 
A nteriorly , they begin behind the v it e l la r ia  and are 
scattered through the medulla* Preovarian v it e l la r ia  , 
p r in c ip a lly  loca ted  in,two la te ra l bands^but scattered
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f o l l i c l e s  occur in  tho median ration . The f o l l i c l e s  
begin in  front o f  the ta3tosf usually curving in  towards 
tho mid lin e  ( f ig 3 . 23 -  26), and nay o r  may not extend 
la te r a lly  along tho ovarian wings (figsu  23 -  26). 
Postovarlan v it o l la r ia  present. Uterus loops frequently 
extending as fa r  as cirru s pouch. Uterino glands may
be present or  absent, 12ggs measuring 54u (50 to  53)
by 33u (28 to  40),

Parasites o f  the body ca v ity  o f  b innedrilus and the 
in testin e  o f  Cyprinidas,
Discussion,

The early  descrip tion s o f  th is  species as A .slebold l 
and A , appendloulntua and the authorship o f  the la t t e r  
name have been disousoed in some d eta il by Calentine (1962), 

Mr a sole* o ( 1897) o r ig in a l figure o f  A, ari-nendloulatus 
showed that the v it e l la r ia  did not extend la te r a lly  along 
the ovarian wings but ware c lea r ly  d iv is ib le  in to  p ro - 
and post-ovarian  groups. In a l l  other respects h is 
specimens c lo s e ly  resembled A .a iabold i, Wisniewski (1 9 P ) 
believed  that A, n-rynondlculatua was a synonym o f  A, s ia b o ld il, 
and concluded that the attainment o f  sexual maturity in  
the Invertebrate host was ob liga tory  fo r , th is  species,
This synonomy was accepted by Joyeux and Baer (193^» 19^1) 
and V/ardle and McLeod (1952), Those authors a l l  figured 
A ,o iebo ld l under that name, but illu a tra ted  i t  with a 

reproduction o f  Mrazelc' s f ig u re , Jnnissewska (1950),



on the other hand, separated tho tv/o e n t it ie s  on the 
continu ity  o f  tho v i t e l la r ia  and recognised them as 
va lid  species. Her views warn follow ed by Eulakowskaya 
( 19 a )  and Galantine (1962), although tha la t t o r  author 
did state that the true id e n tity  o f  th ese 'tv o  e n t it le s  
required -further study, . , >  *

The id en tity  o f  tho two e n t it ie s  was confused even 
further. Hunter (1927) had -created-the £anus Blacetabuiun 
to  contain specimens taken from fia h j and h is  d e fin it ion  
was very sim ilar to 'th e * d e fin it io n  o f  Archirotes,
Szidat (1937) found specimens o f  the s ieb o ld i type in  f is h  
and accordingly ca lled  thorn B1acetabulum nioboldil - Ha 
considered that Archl/rates was a caneric complex containing 
the procenetic la rv a l forms o f  species o f  other general 
and that the adult forms o f  the other species would also 
he found in  f is h , Janissewska (1950) found specimens o f  
the Appandlculatus type in  both olicochaatas and f is h , 
and therefore transferred appendloulatus to  Biacetabulum. 
She considered 3zidat*a specimens to  be in fa c t  o f  the 
annendioulatua typel and so retained the name Archi/eates 
fo r  s ie b o ld i. She considered, however, that the adults 
o f  s ie b o ld i would eventually be found in  f is h j and in  fa c t  
la t e r  (1954) decided that Archiretas was probably loca ted  

in  B1 acetabulum and G laridacrls. Kulakovsksya (1961^1962)
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accepted J anis so wok sya * s views on the basis o f  her 
own experimental evidence, but nho made an exception 
f o r  s iob o ld l which she retained in Archlgotas a3 the 
adult fo m  had not been found from fis h .

In  accordance with the views expressed elsewhere 
in  th is  work and the generic diagnosis on p,6.20 the 
tran sfer  o f  species from Archigatas to  B1 acetabulum 
cannot be accepted merely because tlia specimens were 
found in f is h , There is  nothing in  Janlssewokaya, s 
(1950fl954) descriptions to  suggest that her specimens 
are more co rre c t ly  assignable to  Blacetabtllim e ith er  on 
m orphological or b io lo g ic a l  characters, and they must 
accordingly be assigned to  Archigetaa. The specimens 
figured  by Kulakowskaya (1962) from oligochaetes show 
the presence o f  eggs in  the uteru3, and accordingly 
they should be re ferred  to Archlgates* B ,siabold i 
as recognised by Ssidat (1937) and B,aPnendlculntum as 
recognised by Janiszewska (1950, 1954) and Kulakowskaya 
(1961,1962) are consequently recognised as being co rre c t ly  
assignable to  Archlgetes,

The problem o f  the synonomy o f A ,s ieb o ld i and 
A,armandioulatus s t i l l  remains* Specimens o f  both types 
ware present in  the author*s co lle c t io n s  and a comparison 
o f  them is  given below*-
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a ieb old i ao-nandicnl atusr
Lanceth 0*7-1 .6  run. (1 .1  naan)
Width 0 ,2 -0 ,7  mm.(0 .4  naan)
Tastes number 85-96 (91 naan)
Testes arrangement Scattered In no dulla 
V ita lla r ia  -  start Anterior to  testes  

con tin u ity  Continuous la te ra l
to ovary^ at laast

1 .1 -2 .6  nn, (1*5 naan) 
0,3-1^0 m . (0 ,4  naan) 
75-99 (88 naan) 
Scattered in medullaj 
Anterior to  tastes 
Discontinuous la tera l 
to  ovary

on one sida*
Uterine glands Generally absent Generally absent
Number o f  spacimans
examined 15 13

I t  can be seen that the two e n t it ie s  are very sim ilar 
indeed apart from the continu ity  o f  the v it e l la r ia  in 
the region o f  the ovaries, Xf the above descrip tions 
are compared with the descriptions o f  other species o f  
the genus, i t  w i l l  be seen that they con stitu te  a single 
unit with regard to the testes  number and arrangement 
and the an terior p os ition  o f  the v ita lla rla^  The 
d ifferen ce  in  length is  not held to  bo sign ificantJ  as 
specimens o f  the a-nnendiculatus group were at a more 
advanced stage o f  maturity than those o f  the s ie b o ld i^
The general s im ila r ity  between them is  shown in f ig s .  23-26, 
The d ifferen ce  in  the mean tastes number is  vary s lig h t .
The most important fa c to r  o f  a l l ,  however, i s  that the 
con tinu ity  o f the v it e l la r ia  is  not a stable 

ch a ra cte r is t ic . I t  can be seen in f ig .  24 that the



rapug« 83

Archlpetos sleb nld l

Roto apparent break la  v ite lla r ia  on e ith e r side o f ovary«

T.ayxid 

B ** Dothriuni 

 ̂ ** C irru s  pouch 

^  «  Cercor.er 

8 ** Ovary

8 u 8er.in.al vesic le  

*• Testes 

 ̂ w Ufcerufl 
^  *  Vas deferens 

^  -  V ite llin e  elands

Fate

earn convention in  the representation o f organs has been adopted 

^  fla ire s  24 «31* These are not» there fore , labelled and reference 

V  be nade to  th is  fig u re  fo r id e n tific a tio n  o f s tru c tu re s, A H  

[ S im o n s  wsre collected from tip n .od .rilM ,





I.i'ipimo P4

Archl. retsieholfl  1

Note the thinning of the vitellarla on. one side of the wary 
6lJd the resulting separation into pro end poet ovarian vitellaria •





Tltt-tre m-i'‘-- -■ r 'il.t

/.rcMftctes siebol&l

Hot© the complete division into pro end post ovarian 
vitollsria oa either side and the presence of snail deformed 

03ns in the uterus*





frchl/rotes steboldl

Bie complete d iv is io n  in to  pre end post ovarian v ite lle ria

presence of deformed and nontol In the uterus. The 

W a  ccrooser*



ì
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v lta l la r ia  nay be continuous on one side o f  the ovaryJ 
but thin and broken on the other. The thinning and 
interruption  o f  the v ita l la r ia  in th is  region  is  known 
to  occur in  other species o f A rch ie tea  (Yamagutii 1934; 
Szidat, 1938) as the specimens approach m aturity and the 
ovaries and uterus increase in  s ize .

I t  i s  ''suggested that th is  may be true here a lso , ‘ 
and that the armandioulatus type is  only a more nature 
stage o f  A .s ieb o ld i. Further confirm ation o f  th is  
suggestion comes from the fa ct that specimens o f  the 
s ie b o ld i type have never been found with eggs, whereas 
on ly  one specimen o f  the apr0nd1culat us type has been 
found without egg3. A survey o f  the lite ra tu re  reveals 
the erne situ ation , Specimens o f  the s ieb o ld l type 
have never been recorded from f is h  or with eggs. Those 
specimens recorded from f is h  or  as gravid in  the 
oligochaete have always been o f  the a-nnendicnlatus typoj * 
(Szidat, 19371 JaniBzeweka, 1990, 1954| KulekowskayaJ 
1 9 6 lil9 6 2 ), Since Wisniewski (1930) believed the two 
types ware synononous h is  l i f e  cycle  studies o f  
A ,s ieb o ld i give no in d ica tion  o f  which types were present, 
o r  i f  they occurred at d iffe ren t stages in the l i f e  cy c le » 
An attempt was made by the author to  study the development 
o f  A ,s lob o ld l in  the laboratory  in  an e f fo r t  to  c le a r  up



th is  problem« I t  only proved p o s s ib le 'to  take one 
specimen through the complete l i f e  eycla j but in  th is  
specimen a thinning o f  the ’ vi t o l l  aria  in the region  
o f  the ovaries was observed at the commencamant o f  
egg production. Such a resu lt  cannot be regarded as 
conclusive. Despite the absence o f  experimental 
studies, i t  i s  considorod that at present the balance o f  
a l l  the circum stantial evidence presented above confirms 
the suggestion that A. appendiculatiJts is  only a more mature 
stage"o f A .s ieb o ld i. and must hence be regarded as a 
synonym o f  th is  sp ecies .

Archigetes braehyurus itrnook.loOB
Synonyms:
braehyurue brachyuma Szidat, 1930. 
jParaglaridacrlo s iles in cu s Jnniszewska, 1950*
G larldacris brachyurns Ysmaguti, 1959*
Tie s c r ipt ion : -

With the characters o f  the genus. At the 
comaeneenent o f  egg production average length 3*0 rm',

(2 .4  to 3*5), average breadth 0 .45  Pirn. (0 ,4  to  0 ,5 ) .
Scolox bearing three d is t in c t  bothria on dorsal and 
ventral surfaces. Teste3 numbering 137 (120 to  159)*
and extending from the neolc region  to the cirrua poucin 
A nteriorly , they begin in  front o f  the v ita l la r ia  and 
are arranged in  longitud ina l rows o f  30 to  40 per row, 

Preovarian v it e l la r ia  loca ted  in  two la te ra l bands, extending
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la t e r a lly  along the ovarian wings ( f ig s ,  27f 28) .
Postovarian v lt e l la r ia  present. Uterine loops extend 
as fa r  as the cirru s pouch. Uterine glands present# 
liggs measuring 62u by 32u,

Parasites o f  the body ca v ity  o f  Llmnodrilns and the 
in testin e  o f  Cyprinidae,
'Discussion

This appears to he the lea st common species o f  
Archivetoo. I t  is  described by Kulakowskaya (1961,1962) 
as being rare in tu b if ic id s  and vary rare in fish* This 
curront record in the f i r s t  from Western Europe since 
the o r ig in a l description  o f  this specie?? from Czechoslovakia 
by Hrazek (1908)# The author*s specir.ens approximated . 
very c lo s e ly  to  the descriptions o f  Mrasek (1908) and 
Wisniewski (1930)* They d iffe red  from Kulekowskaya’ a 
(1961,1962) and Dubinina’ s ( in  Pykhovnki, 1962) descriptions 
in  that the v it o l la r ia  are continuous la te ra l to  the 
ovarian wings ( f ig s ,  27̂  28), No mention i s  made o f  
th is  character in  the type descrip tion  and it3  importance 
has already been discussed with reference to  A ,s1ahold1

( p .6, 27) .
Thin species m s o r ig in a lly  described from gravid 

specimens found in  L«ho f fn o 1s t e r i , I t  was accepted as
a species o f  Archigeten by Joyeux and Baer (1936) and 
Wisniewski (1930)* Usidat (1938) described specimens o f  
Archigetes from fis h  and created a new genus to contain
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than. Ha described h is specimens as Brnchynrus g o b ill  
n .sp.^n, gen. Ha considered that A.brnch.yurns \<ms the 
progonetic larva  o f  a second species o f  th is genus, 
tha adult stage o f  which had not yat baan found in  fish , 
and designated i t  as Brabhyurns braohynrus. Fischthal 
(1951) pointed out that Brachyurus as a generic name 
i,/as already in  usa. This was taken up by Yomaguti (1959) 
who transferred both spacias o f  Brachynrns to  fflarldaoris. 
His ju s t i f ic a t io n  fo r  doing so was that both species 
occurred in f is h  and were sim ilar to f l .l jn n o d r ili l 
a species previously  described by hin (Yamaguti, 1934).
Tha p o s s ib i l i ty  that a l l  throe species night be more 
oorraotly  assigned to Archlgates was ignored.
Kulakovskaya (19^1) retained brnchynruo in Ar chi gat a a. but 
la t e r  (1962) accepted the viov;s o f  Yanaguti and transferred 
both species o f  Brnchyurns to  G larldacrls. At the same 
time she recognised that Pareglaridaorta a ila s ire n s . 
Janiszavslca, 1950, was a synonym 0f  a, braehyurus.

The tran sfer  o f  A.brachynrug to  a new genus cannot 
be accepted hare. The genus Praohynrns was created 
only because specimens m orphologically resembling 
Arc hi gates had been found from fis h . Both brash yarns 
and g o b li were transferred to irlarldaerlnl with which 
genu3 they shoved l i t t l e  a f f in ity , instaad o f  being 
returned to Arohlgetes fo r  tha same reason. Both spacias



conform m orphologically and b io lo g ic a lly  to the 
d e fin it ion  o f  Arc hi ret as on p .6 .20  , and should he 
loca ted  in th is  conus. The question o f  the s im ila r ity  
o f  both species to O .lin n od rill w ill  be dealt with 
under A .gob il.

Arehirotea ô~h5,i ( Hzldut11938) n.comb.

Synonyms? . .
Prachyurus gob ii Szldat, 1930,
G lnrldacris lim n odrili Yanaguti, 1934 ■
Q .gob ilt Yamaguti, 1959 
'he sorint ion

r. With the characters o f  the genus. At the : ■ ■* ’’
commencement o f  egg production average length 1 , 5  mm, *
(1 , 1  to 2. 1 ) ,  average breadth 0,45  mm. (0 .3  -  0 , 5) .
Soolex bearing three bothria  on dorsal and. ventral surfaces 
although soma may disappear during fix a tio n . Testes 
numbering 50 (39 to  63) and extending from the neck 
region  to  the cirrus pouchl A nteriorly ’ they begin in  
fron t o f  the v it e l la r ia  and are arranged in  two dorsal ; 
and two ventral longitudinal rows with twelve to  each row. 
X’reovarian v ita lla r ia  located  in two la te ra l bands! 
extending la t e r a l ly  along the ovarian wings, although 
they nay bo thinner in th is  region ( f i g .  29). Postovarian 
v it e l la r ia  present. Uterine loops nay extend as fa r  
as the cirrus pouch. Uterine glands generally  present.
I3ggs measuring 53« (45 to  63) by 32u (27 to  36).
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Parasites o f  the body ca v ity  o f  T.lmnodrilus and 
the in testin e  o f  Cyrrlnidaa and C obitidoe.

Discussion
This was the commonest species o f Archigeta3 

occurring in Britain* This is  the f i r s t  record o f  the 
larva  o f  th is  species from Western Europe* The author's 
specimens approximated very c lo s e ly  to  the descriptions 
o f  the adult given by Ssidat (1933) and ICulakowskaya 
( 1961, 19^2)*

The orig in a l descrip tion  o f  th is  species as 
Brachyurng g ob ll by Saidat (19.38)» i t s  s im ila r ity  to 
A.brachyurug. and the tran sfer  o f  both species to  
G laridacris has been discussed under A.brachynrne (p.6*31 ). 
The species is  m orphologically sim ilar to  the described 
species o f  Archigetes. i t  conforms to the d e fin it ion  on 
p*6. 26i a n d  i t  is  able to mature in. the invertebrate host.
I t  i s  accordingly considered that B*( G,) gob 11 should be 
loca ted  in Archive tea and i t  i s  here designated as A* g o b ii»

When Ssidat (1933) created the genus Brachyuru.s 
he recognised the s im ila r ity  o f  A*gohil to ft«lin.nod r i l l  1 
and accordingly transferred th is  la t t e r  species to h is new 
genus. This s im ila rity  beti^een the two species was 
la rg e ly  responsible fo r  th e ir  tran sfer to  G inridooris 
by Yamaguti (1959)* G .llm nodrill was described from
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Archtgetea m h 11

The variation In shape of the scoleac and arrangement of the 
Hhria*

Tbi« presence of deformed c-~~s and the absence of a cercoraer 
broken off during the removal of the specimen from the host) in
specimen a*

The arrangement of the testes in two rows in the anterior 
*cClon of specimen b*





I .h o ffn a in te r i and from fish es  by Hanaguti (1934).
In the same work ha demonstrated that the species va3 
able to atta in  maturity in e ith er  host. !To reasons 
fo r  it3  Inclusion in Cl a r i  décria were givan^ other 
than that i t  possessed the characters o f  the genus 
and had been recorded from f is h . The descrip tion  and 
figu res show that i t  is  unlike any o f  the other species 
o f  G laridacris. Furthermore, no other species o f  
th is  genus is  able to  nature in the Invertebrate host.
A comparison o f  the dascriîîtion  o f  A, g ob li given above 
and fig 3 . 29-31 with the descrip tion  and figu res  o f  
Q .lin n od rlli given by Yariaguti .(1934) reveals no 
s ig n ifica n t d ifferen ces . The s im ila rity  between 
these two species was also noted 'by Kuiakovskaya (1962) 
and Calentine (pars.con n .) Both m orphologically and 
in  i t s  l i f e  cycle  .G .lin n odrill is  Indistinguishable from 
A ,gob ii and must therefore be regarded as a synonym 
o f  th is  la t t o r  species. . . .  - . - *

Two other species o f  Archivâtes havo been 
described but have not yet been recorded from B ritain .
A,cryptohothrlua was described by Wisniewski (1928) 
and la te r  (1930) compared by him with other species 
o f  the genus. I t  has not subsequently been found,
A,1owenais was described from Horth America by Calentine 
(1962). A f u l l  descrip tion  o f  its'" morphology'.is given 
and enough evidence to  show that i t  may nature in
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invertebrate and vertebrate hosts,
A lcey to  tha gen U3 Archlgetes is  given by 

Calontina (1962), In view o f tho systematic changes 
proposed above i t  is  considered advisable to  include 
a new key. This i s  based on examination o f  specimens 
o f  A .s la b o ld l. A,brach.vurua and A ,gobil from the a\rthor*s 
co lle c t io n s ; o f  specimens o f  A, lowansls k indly loaned 
by Dr, Galantine; and o f  published descriptions o f  
A, crypto bo thriua,- Tha key may be used fo r  specimens
obtained from e ith er  invertebrate or vertebrate hosts*

la  Tastes arrangement not clea r; testes  beginning a fte r  
the v i t o l la r ia  in the anterior part o f  the body;
Testes number 75-95 (mean 90),

A .s ieb o ld i leuckart
lb  Testes arranged In longitud ina l rows], aa3i l y  observable 

in  tha anterior part o f  the body. Testes beginning
le v e l  with or  in  front o f  the v i t e l le r ia ............ . . . . . . . 2

2a Tastes number 120 ~ 159  (mean 137), beginning in  
front o f  v ita 1 1 aria  and arranged in rows o f  30 to 
40 each,

A, braohyurus Itrazak
2b Testes number averaging 154 , beginning le v e l with 

v it e l la r la ,  and arranged in several longitudinal 
rows o f  18 to 26 each,

A ,cryptobothrius Wisniewski

/



2o Tastes number 57 -  76 (mean 66) j sco lex  
c le a r ly  demarcated from bodyi

A, lovnansla CkLentine
2d Tastes number 39 -  63 (moan 50); sco lex  not 

c le a r ly  demarcated from body»
A>ffobil (Sgldat)

2) Geoirra'ohical d istrib u tion  o f  Archl^etaa
- Alt ho u^i few records o f  the ¿jenus ara avail able l 

i t  appears to  be o f  fa i r ly  widespread occurrence but to  
have been frequently  overlooked* I t  would seam l ik e ly  
that i t s  d istrib u tion  w il l  ultim ately be found to  p a ra lle l 
that o f  Llmnodrlln.au .which is  cosmopolitan*

The d istrib u tion  w ill  ba ¿riven by species and by 
the country o f  occurrence. New records are indicated 
as such,
A ,s ieb o ld l Germany (S s iia t , 1937)*.I ta ly  (new record ).

Sweden (Kyballn, 1962), Denmark (Kennedy 
and Chubb, 1962). Poland (Wisniewski, 1930); 
tJ, S. S. H. (Kulakowskaya, 1962), Prance ( Joyaux 
and Baer, 1936). Czechoslovakia (Hrazelc, 1908); 
B ritain  (Brinkhurst, Chubb and Kennedy 1962) 
B rasil (Marcus, 1942),

A,brach.vurus Czechoslovakia (Hrazek,1908) U. S. 3, H,
(Kulakowskaya, 1962), B ritain  (new record ).



A .gobll Germany (Szidat, 1933). U. 3.3, H, (Kulnkowskayaj
1961). Japan (Yamaguti, 1934). B rita in  (new 
raoord).

A ,iowensla U, 8, A. (Calentine, 1962)
A. cryptobothrius Poland ( Wisniewski,1930)•

Denmark (Berg, 1948) .

The genus has a lso bean recorded from Finland (Brlnkhurst, 
pars,comm.), Lithuania (G rlg o lis , pars.con n ,) and Ireland 
(naw record ), but i t  was not possib le  to  id e n tify  the 
specimens owing to th o ir  condition ,

3 ) The growth and development o f  A .gobii In Llmnodrilus.
Development o f  the embryo within the egg commences 

while the egg 1« s t i l l  retained within the body o f  the 
cestodes. A fter lib e ra t io n , the eggs l i e  in the 
substratum and development o f  the embryo is  completed 
during th is  period, The eggs are presumably ingested 
during the course o f  the tu b ific id 's .n orm a l feeding. 
Hatching o f  the oncosphere does not take place u n til 
Ingestion has occurred and there is  no free l iv in g  
coracidium in th is  or  any other species o f  Archigetoa 
(Wisniewski, 1939). A fter ingestion  the eggs pass to the 
p osterior  region o f  the in testin e  where th e _oncosphere 
hatches. They penetrate the in testin a l wall and cone 
to  l i e  in the body ca v ity  o f  the p osterior  segments where



future development takaa place. Hatching o f  the 
eggs and penetration o f  tha in testine v a il  was,not 
observed, but i t  is  presumed that th is  takes place in  
tha sane .manner as described by Wisniewski •, (1930). "Sggs 
yore recorded from the p oster io r  rations o f  tha in testin a l 
tra ct and tha presence o f  developing oncospheres in the 
body cav ity  in th is region has also been observed. The 
shape and structure o f  the cestode at th is  stage is  
shown.in f i g .  30a. The sco lox  and ceroomer have not 
yet d iffe ren tia ted , the s ix  anbryonic hook3 are present 
at the p osterior  end o f  the body end there is  no trace 
o f  the g en ita lia . The length o f  tha larvae at th is  stage 
is  shown in f i g .  32. I f  several eggs have been ingested, 
up to  20 larvae nay be present in  the body cav ity .

Within a short tin e  the larvae pass rap id ly  to  the 
anterior region  o f  the body CwUvlty, not slow ly as 
reported by Kulakovskaya ( l 962a)i to  l i e  in  the coelom 
o f  the gen ita l segments. I f  the in i t ia l  in fe c tio n
has been heavyj considerable la rv a l m orta lity  may occur 
during th is  migration^ as there are rarely  more than 2 
or 3 larvae in  the gen ita l segments. A ll further growth 
and development o f  the larvae takes place in  th is  region.

The cerconor now begins to  d iffe ren tia te  by tha 
cu tt in g -o ff  o f  the protrubranco bearing the hooks o f  the 
oncosphere. The cerconer increases in length but the 
hooks do not increase in e lse . The bothria  and sco lex  
a lso  make th e ir  appearance at th is  stage. The larvae
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Increase In length up to 1*2 mm, (fie *  32). The 
appearance o f  the larva  at th is  tine is  shown In fig* 
where the female and male g en ita lia  have made th e ir  
appearance* The cercomer reaches it s  f u l l  development^ 
and the bothria  and sco lex  d iffe ren tia te  further. The 
greatest degree o f  growth ta le s  place at th is  stage 
( f lg * 3 2 )t and Individual d ifferen ces appear In development^ 
usually related  to the number o f  testes (fig^29)^ o r  
the shape o f  the sc o le :; ( f ig s ,  29 -  31)* I f  the gen ita l 
organs o f  the host start to  develop^ tho larvae come to  
l i e  In the tes tes  sacs.

Egg formation now begins. Those formed f i r s t  
are usually mis-shapen and s t e r i le \ but the la te r  ones 
assume normal dimensions (53u by 32u) and are f e r t i l e .
As egg development proceeds the uterine loops increase 
in  s ize , may extend as fa r  as the cirrus sac ( f i g .  31a), 
and cause thinning o f  the v it o l la r ia  in  the region 
o f  the ovaries. Growth o f  the larva  continues, but 
the rata slows down ( f i g ,  32). Production o f  eggs 
continues, and they come to  occupy moat o f  the body o f  
the adult ( f l g i  31h).

For convenience In considering growth and l i f e  
cy c le s  o f  Archlgates f iv e  stages in development are 
recognised. Stage 1 (fig .3 ^ a ) i s  recognised by the



TimTO 50

Stamen la the development of A« aobll

etas® 1. Note absence o f cercojner and Internal organs* 
Stage 2/3* No#e poorly developed soolex*

Stags 3*

Tot explanation of stages see text*
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Commencement of ©eg production* Koto th® absence 
o f th* cirrus pouch and enlargement o f the uterus* 

A gravid specimen. ¡Tote the reduction in the 
number of testes*





Fleure S3

SSie length of Arohirotee rohll at dlffereht stages of anturitv, 
^e Sata is based on the analysis o f 100 specimens*



Le
ng

th
 l

n 
m

m
.

2-8

H

2-0

1-6

1*2

0*8

0*4

• .

« •
• • •

• • ' •
. . •  ’ •

• •
_ • • • • • •

• •
M  ' • •

• • • • • •
m •  • •

• • •
• • • • • •

•  • • •
- •  • • • •

•  • • • • • V

- •  • • •

1 2 3 t
“  State of maturity



6 .4 0

absence o f  any gen ita l structures in  tha larva . Stage 2 
i s  recognised by the presence o f  testes  and a cerconer«
In stage 3 the female g en ita lia  have appeared ( f ig 3 . 30b 
and c ) .  Stage 4 is  characterised by the commancanent o f  
egg production ( f i g .  31a), and stage 5 by the attainment 
o f  complete maturity, i/hen the adult is  f u l l  o f  egga 
( f i g .  31b). The s ise  o f  specimens at each stage is  
shown in  f ig i  32.

Up to  th is  3tago the development o f  A. gob ii i s  
sim ilar to that o f  A. s leb o ld i (Wisniewski, 1930) and 
31. apwcndlculatum (a A. a leb o ld ! ? )  (Kulakovsknye, 1 9 6 2 a ).

The method o f  release o f  the eggs^ however^ appears to  
vary from species to  species. In A .gobii egg3 are retained 
in  the adult in utero. The uterus then increases in  siza j 
and would seem eventually to  rupture, as the egg3 come 
to l i e  in the body and are not apparently surrounded by 
any pouch. Liberation almost invariably occurs by 
release o f  the parasite from tha host,. The parasite 
ruptures the body w all by active movements and passes out 
in to  the substratum. O ccasionally  the'.parasite i t s e l f  
becomes ruptured during th is  process, and eggs are shed 
in to  tha testae sacs o f  the host or  d irect in to  the 
surrounding medium, Hore usually the parasite l i e s  on 

tha surface o f  the substratum, and r e le a s e 'o f  the agg3 

i s  accomplished by decay o f  i t s  body. In A .siehold l
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0£CS »re also retained in utaro (Wisniewski, 1930), 
but eggs o f  A ,cryptobothrius c o l le c t  into a cu ticu la r  
pouch (Wisniewski (1923). In A .lovensis eggs are generally  
shed into the tastes sacs o f  the host. Tha shedding o f  
eggs into tha testes sacs is  a lso  reported to occur in 
A. brachyurus (Mr a sole, .1908). Whatever the method o f  
release^ the eggs come to l i e  free in the substratum, 
whence they can he invested by tha tu h iflc id .

The length o f  the l i f e  cycle  In A .gnbii under 
experimental conditions vu3 determined hy regular 
observations on iso la ted  in fected  hosts. Pew specimens 
wore examined fo r  th is  purpose^ as at that time the 
parasites were required fo r  morphological and developmental 
observations which required th e ir  being k il le d . Tha 
resu lts  ore expressed below:

Stage o f  maturity

S sss. I  2/1  3 4 /3
Days a fte r  0 50 116 143 213
eggs deposited

According to Wisniewski (1930) A ,slebojd i was able to 
complete'two generations each year, . The duration o f  the 
cy cle  depended on temperature, being approximately 110 days 
in  warn weather and 210 days in cold  weather. The 
duration o f  the cycle f o r  213 days agrees w ell w ith ' 
Wisniewski*s observations, as the observations also 
took plaoa during the co ld er months. Galantine (pars,comm,) 
on the other hand found a cycle  o f  100 days fo r
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A,iowensig. This agrees wall with Wisniewski * o 
figure fo r  u iirw r months, but Calentine did not sp e c ify  
tha temperature o f  h is experiment si'

nothing can be said from personal observation on 
the duration o f  l i f e  or the development o f  A^gobli 
in  f is h  as no f is h  in fected  by th is  castode were found.
In B rita in , progenesis i s  apparently the dominant form o f  
development. The only parson to  have studied the 
development o f  Archigates in  f is h  was Calontira (1962 
and pore.comm.) who worked on A. iovenaisi, He concluded 
that th e ir  occurrence in  f is h  was s t r ic t ly  seasonal, o f  
a short duration only, and that the eggs were generally  
shod into the in testine o f  f is h . Of the specimens found 
by him in  f is h , 00^ were gravid,' - which' would' suggest 
that the procercoids do not become in fe ctiv e  u n til 
about stage 3» He recorded one point o f  particu lar 
in terest» whereas the tu b if ie id  cycle took 100 day3j, 
specimens o f  A.iowansis hatched from eggs taken from 
specimens in f is h  su ccess fu lly  In fected and developed 
in  specimens o f  Llm.nod r ilu s . but had not produced eggs 
600 days a fte r  In fection , He suggested th a t 'th is  night 
bo evidence fo r  the existence o f  two races (pars,conn*) 
A .goh il has been recorded from f is h  hosts (3sidat,1938| 
ICuiakowskaya, 1961, 1962; Dubinins, in  Bylchovaki, 1962), 
but no d eta ils  o f  i t s  development are given in  these 
accounts.
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T he'U fa  h istnry o f  th is  species was investigated 
in  two lo c a l i t ie s ;  the Shropshire Union Canal| at Backford 
Chesliira and the R. Thanes, at Reading. Both lo c a l i t i e s  
are described in chapter 5 ,a#l .  I t  must be emphasised 
that i t  is  d i f f i c u l t  to  draw many conclusions from these 
studies as the number o f  specimens examined was small.
This was inevitab le  in  view o f  the low degree o f  in fe ction  
at these s ite s  (tab le  29) and the method o f examination 
whereby a lim ited  number o f  hosts was examined in  d e ta il, 
nevertheless, in  the absence o f  any other studies on 
the l i f e  h is to r y .o f  th is  species i t  was considered that 
these resu lts , despite th e ir  preliminary nature, \-Kjre o f  
some value.

The resu lts  o f  these studies are shown in table 3 *̂ 
The l i f e  cycles  are expressed so le ly  in terms o f  the 
seasonal changes in maturity, a s _the length at d iffe ren t 
stages was considered to bo too variable ( f i g .  32) to 
divide the population into else c la sses . In compiling 
the table the maturity o f  a l l  parasites found was considered 
regardless o f  whether they occurred as single or m ultiple 
in fe c t io n s .

In both lo c a l i t i e s  breeding specimens were only 
found between Kay and September. The m ajority  o f  
specimens found throughout the year were at stage 3 
but i t  is  d i f f i c u l t  to know whether th is  has a va lid

4 )  Tho l i f e  h i s t o r y  o f  A .g o b i i  from  f i e l d  i n v e s t i g a t i o n s .
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Saanonal chnnyes in tho1 stntos o f naturity o f -

fialrt nor>ulationf3 o f  A, anhii •*

r) The Shroonhiro Union Carni*

1961 1962 1963
Maturity H £  Z il A H J £ A, n 0 E TJ il A
1 'fi 2 5 5 5 3 0 3 3 2 0 5* 1 0 3 4 4

1 ’ 7 4 5 3 1 0 3 0 1 3 0 0 2 0 0

1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0

1 0 0 0 0 0 1 2 1 0 1 0 0 0 0 0

Total 12 9 10 6 1 4 9 3 1 10 1 0 5 4 4 a

b) Tha R<,Thomas. Baadinov

1962 1963
Haturity Oot» T)qC« Poh. l■la y «Tly»

1 and 2 0 8 0 4 0

2 2 5 1 1 1

_ 4 0 2 u 0 1

2 0 0 0 0 9

Total 2 15 1 5 11 ~

Por erplnr.ation o f  sta ta 3 o f  naturity  soa to r t i
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moaning o r  not. Stago3 1 and 2 ara more d i f f i c u l t  to 
dotoot in  the hosts because o f  th e ir  sna il s iz e , I t  
h as.a lso  been suggested that development may prooaod 
rap id ly  up to stage 3 (p*6, 39) ,  a fte r  which i t  proceeds 
at a slower rata . /-The m ajority  o f  specimens might 
tharafora /bo expected to  occur at th is  stage. I t  is  
evident in  both lo c a l i t i e s  that tha number o f  specimens 
flu ctu ates considerably from month.to monthj and there is  
no ind ication  o f  a seasoned production o f  young larvae.
The presence o f  stage 2 specimens in February and March 
in  the Canal, and o f  stage 4 specimens in February in 
the HIver suggests that breeding nay also be taking 
place during tha v in tor. I t  must be concluded,
th erefore , that although breading may take place throughout 
the year in both lo c a l i t i e s ,  there is  no in d ica tion  o f  
p e r io d ic ity  in the occurrence or development o f  A ,gob ll.

In order to  try  and determine the importance o f  
f is h  hosts In tha l i f e  cycled specimens o f  f is h  were 
examined throughout the summer o f  1963 in  the canali 
I t  wa3 not possib le  to  carry out sim ilar examinations o f  
f is h  from the R.Thame3. The numbers examined were as 
follo\^si-

Mch. A nr. Ha.V June J iy . Aug,
Rutilus m t ilu s  (L .) 8 32 22 12 8 7
Abrarila bran a (L. ) 0 2 0 0 0 0
Perea f lu v la t i l i s  (L. ) 11 8 0 0 9 0
13sox lu ciu s  (L. ) 4 3 3 3 1 2



Ho species o f  Archipetas was found in the f is h ' and i t  
m y  ba concluded that A.probii in  the canal i s  maintained 
by pro,genesis, This d if fa r s  from the l i f a  cycle o f
At lowensi3 as determined by Calantina (pars, com* )'9 where 
adults ware found in tha intaatino of a f is h . Cyprinus 
carp ip . in  A pril. Ha calcu lated  tha overa ll percentage 
o f  ¿pravid A rch ie  tea present in oll,pochaetas in one year 
in  h is  lo c a l i t y  as 3.26 and in  f is h  as 80?% ' and concluded 
that th e•production o f  ap*ps in tu b if ic id s  is  apparently 
not su ffic ie n t  to maintain the species. There is  no 
evidence fo r  such a conclusion, as the minimum decree 
o f  pro/penesio that w ill  support the continued existence 
o f  the parasite population is  unknown, Similar 
ca lcu la tion s o f  the decree o f  orogenesis tpive a value o f  
6.3^ fo r  tha canal and 26. 5'/> fo r  the H. Thames. In the 
former lo c a l i t y  th is  must ba s u ffic ie n t  to maintain tha 
species as i t  i s  the only type o f  development to  occuri 
Calentine (piers, comm.) a lso  found evidence o f  seasonal 
production o f  ¿pravid specimens o f  A, lowensts. as these 
on ly  occurred in tu b ific id 3  in March and A pril. This 
contrasts with the situation  as found in the Canal, 
whore ¿pravld specimens were fonnd fo r  several months 
o f  the year.
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I t  proved possible to maintain a culture o f  
in fected  specimens o f  himnodrllnsj to in fe c t  uninfected 
specimens under laboratory conditions, and consequently 
to  study the l i f e  cycle o f  A .gobil in  rather more d eta il 
than was possible under f ie ld  conditions. The study 
wa3 aided both by the.higher, degree o f  in fe ction  and the 
greater number o f  castodes present in  the laboratory  
cu ltures. As a resu lt greater re lia n ce ’ nay be placed 
on the conclusions. Certain other fa c to rs , however, 
indicate that some care i s  necessary in  the in terpretation  
o f  the results# In the f i r s t  place, l i f e  cycles  
determined under laboratory conditions do not n ecessarily  
have any relevance to  happenings under natural conditions# 
Secondly^ in  the e a r lie r  stages o f  in vestigation  
specimens were frequently removed and k ille d  fo r  the 
purposes o f  taxonomic and growth studios. Ho examination 
o f  specimens was made during March j fo llow in g  the 
removal o f  specimens, as i t  was considered advisable to 
allow natural development to  proceed without interference 
fo r  a period#

The resu lts  o f  these studies are shown in f ig ,  33.
The f i r s t  fa c to r  that is  evident, both by the presence 
o f  gravid specimens and immature specimens fo llow in g  them  ̂
i s  that progoneslo does occur. The presence o f  
gravid specimens from February to August, and o f

5) The l i f e  h i s t o r y  o f  A. ---oMt f r o n  l a b o r a t o r y  i n v e s t i g a t i o n s



Figge 35

(The soo sons 1 change» la  the sta te  o f m aturity o f specimens 

t f  A* la  an infected population o f himnodrilua under

laboratory conditions. The fig u re s represent the number o f 

specimens examined in  each sample*



* 6
ny

1

State o f maturity



stage 1 specimens in January suggests that ‘breading 
can taka place a ll  the year round. The m ajority  o f  
breading spacimans ware found fron  May to Augusti 
suggesting tha incidanca o f  breading nay vary seasonally. 
As in  tha f ie ld  populations^, however^ there i s  no 
c le a r  evidence o f  p e r io d ic ity  in  tha occurrence or 
davalopnant o f  specimens. There is  al3o no c lea r  
avidanca fo r  the existence o f  tvo gonerations par yearj 
as was suggested fo r  A ,s ieb o ld i under sim ilar conditions 
by Wisniewski (1930)» The dagrea o f  proganaois was 
ca lcu lated  at 5.0^/>» v/hich approximates c lo s e ly  to  
tha value fo r  the Canal,

In conclusion ,, the l i f e  cy cle  o f  A ,gobii under 
f ie ld  and laboratory conditions may be b r ie f ly  summarised. 
In Britain^ reproduction in th is  spacias appears to be 
ex clu siv e ly  proganatic^ but in continental Buropa and 
Asia gravid spacimans have bean recorded from f is h , 
Braeding apparently occurs a l l  tha year roundj but the 
m ajority  o f  gravid spacimans ara found between Hay 
and September, Thara is  no othar evidence o f  p e r io d ic ity  
o f  occurrence or development o f  opecimans. In view
o f  tha small numbers o f  specimens examined, thasa must 
be regarded as prelim inary conclusions only, and they 
require confirm ation from more deta iled  stud ies.
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6) The l i f e  h is to r ie s  o f  other B ritish  species nf 
Cnryophyllaa idea.

During the course o f  th is  study other species o f  
caryophyllaeid3 were encountered, hut never in such 
abundance a3 A, g o b il , I t  was, therefore^ impossible to
determine th e ir  l i f e  cycles  in any detail^ under 
natural conditions. I t  a lso proved impossible to  
obtain su ffic ie n t  specimens to  maintain laboratory  
populations* Nevertheless^ in  the to ta l  absence o f  
any other information on the b io logy  o f  these species 
in  B ritain  i t  i s  considered that these prelim inary 
observations may be o f  value as forming the basis fo r  
future studies,

A, s.ieboldi
Bert to A, gob il th is  was the connoneat. species 

encountered. I ts  systematic rela tionsh ips have bean 
discussed elsewhere (p ,6 , 24), Specimens o f  stages 3 - 5  
were only encountered between March and August, The 
fa ilu re  to  record any specimens outside o f  th is  period 
may be due to  the in a b il ity  to  determine the s p e c if ic  
id e n tity  o f  immature specimens. Gravid orevigerous 
specimens ware found in every month during i t s  period 
o f  occurrence in  the samples. Although i t  was found 
in  I ,h o f fn e is te r i  in  the Shropshire Union Canal i t  was
not found in f is h .



An attempt was made to 'e sta b lish  a population o f  
Bimnodrllue in fected  with th is  species in the laboratory, 
but i t  proved la rg e ly  unsuccessful, A sin g le  opaoimen^ 
however, underwent i t s  complete developmental cy c le  in  
201 d a y t h u s  confirming the existence o f  orogenesis 
in th is  sp ecies . As further confirmation specimens at 
stage 3 brought in  from f ie ld  co lle c t io n s  became gravid 
1» the laboratory* This species has frequently  bean 
found in  f is h  (Ssidat, 1937? KulakovakayaJ 1961* 1962),

A, brachyurus "

This is  the rarest B ritish  species o f  Archi-getes. 
and occurred in  very small numbers in only two o f  the 
s ite s  examined, Ho immature o r  stage 5 specimens were 
found^ but stage 4 specimens occurred in April and October, 
This confirms the ex istence o f  progenesis in th is  species, 
f i r s t  reported by Hrasek (1908), I t  has not bean 
found in f is h  in  B rita in , but adults have bean’ recorded 
from the in testin e o f  Cyprlnidae by Kulnkowskaya (1961^ 
1962) and Dubinins ( in  BykhovskiJ 1962)* Because o f  
i t s  s ca rc ity  i t  was not possib le  to estab lish  laboratory  
populations o f  in fected  Blmnodrilns*
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Caryophyllaeua 1atloans _

I t  -was shown In table 26 that th is  species 
never Infected T.irwodrilua. and accordingly l i t t l e  
information about i t s  b io logy  was recorded. The l i f e  
cy cle  has been studied by Sakutowlos (1934) and 
Kulakowskaya (1962a).

Ilia lnvortabrate hosts (tab le  26) appear to  be 
species o f  Psanmoryotoa. T3nii..yodriIns and Tnbifex.
Iha genus in fected  varied from s ite  to s i t e .  I t  was 
more commonly found in P. borbatua. but where th is species 
was absent It was found in ^ u ilyodrllu s. ,Phare species 
o f  both ¿je nor a were found in the sons lo c a l i t y  i t  was 
only recorded from P.barbatus. Commonly there was 
on ly  a single specimen per host? occasion a lly  two 
were found. Iha parasite was invariably situated in  
the coelom o f  the gen ita l sa lien ts  o r  In the tastes sacs. 
Parasites o f  stage 3 wara always found in hoots o f  
stages 2 or  3« Specimens o f  stages 4 or  5 were never 
found in the invertebrate host.

In the canal, specimens o f  stages 3 and 4 were 
found in roach and bream throughout the period o f  
examination o f  f is h . Progenesis does not occur in  th is  
species (Sekutowics, 1934; Kulakowskaya, 1962a).
The la t te r  author has also sliown that the larvae can 
remain in the tu b if lc ld  from 4 months to two years, 

a considerably longer period than fo r  Archivet?aa even
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i f  i t  ultim ately passes through a fish  host { Galantina, 
pars, corúa»)

Car.yor>hyllaeidos fannies ,.
„ , ; This apeóles vas only found in f is h  in the

present survey. I t s  l i f e  cycle  has not yet been worked 
o u t ,in  detail^ and the id en tity  o f  the intermediate host 
i s  uncertain. I t  Is generally  considered to  he a 
species o f  Daididaa, p ossib ly  o f  the genus Stylaria  
( Joyoux and Baer, 1936, 1961). : „

Pron the l i t t l e  in form ation .available i t  appears 
that only a short period o f  time is  spent,in  the 
intermediate hostj and that the larvae are capable o f  
in fe ctin g  f is h  at a vary early  stage in  th e ir  development^ 
In the present survey i t  v/ao found to  occur in both 
roach and bream throughout the period o f  examination 
o f  f is h . , Specimens o f  stages 2 to  4 vara record ed ,. 
thus confirming the above observations. ,

7) DISCUSSION

The rela tion sh ip  o f .A rch ig etea te other genera 
o f  the Caryonhyllaeldac has long  been a problem. ’ . I t  . ; 
was regarded by Visnievolvi (1930) and subsequent authors 
as an aberrant genus, in which progenesis w as’the 
exclusive method o f  development» ’ She members were ‘ 
therefore regarded as neotanic procercoids^ and viere 
considered to be unable to  in fe ct vertebrate h osts .
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Species m orphologically resembling Archivâtes but 
occurring in f is h  were hence automatically, assigned 
to  other genera. The concept o f  Archigete3 as a 
d is tin ct  genus was la te r  questioned, said i t  vas considered 
that 's p e c ie s ' o f  Arch! get es vers in  fact only 
progenetic larvae o f  species o f  other genera o f  the 
fam ily known from f is h . Arc hire tes was f in a lly  regarded
as a genus o f  h is to r ic  in terest only ( Janissewskai 1954).

* -A

She recogn ition  that species o f  Arch1gotos nay 
mature in both the invertebrate and the vertebrate hosts 
has resulted in a red e fin ition  o f  the genus (p .6 . 20 )•
A ll species capable o f  undergoing proçanatie development 
may now be united into a single genus, and Archigates is  
thu3 recognised as a d is t in c t  and va lid  genus and 
characterised on the basis  o f  i t s  morphology and l i f e  
cy c le s . The re s tr ic t io n  o f  a l l  species exh ib itin g  
progenesis to a single genus also enables the relationsh ips 
between the genera o f  Oaryenhyilne 1dae to be c la r i f ie d .

The genera nay now be arranged In a ser ies  showing 
the. stages in the attainment o f  progenesis. 0nryophyllm ides 
and Khavin spend a re la t iv e ly  short time in  the invertebrate 
h ost, and development o f  the g en ita lia  does not com e nee 
u n til they have su ccess fu lly  Infected the vertebrate host 
( Kulak ovskny ai 1962; and p .6, 51 )• Cnryonhyllnens is  
a lso  capable o f  in fe ctin g  the vertebrate host vary 
ea rly  in i t s  development, but on the other hand i t  nay



be retained in the tu b if ic id  up to  2 years (Kulakovskaya, 
1962a). During th is  tine dovalopnent o f  the ¿genitalia 
may talee p lace, but eggs production does not commance 
u n til i t  has in fected  a f is h  (Sekutotdcs, 1934; 
Kulakovskaya, 1962a). fitacetabulum has a shorter l i f e
cycle  than Caryorvhyilaens. but lik e  th is  genua development 
o f  the g en ita lia  takes place in the Invertebrate host 
and egg production only in the f is h  (Kulakovskayaj 1962a; 
Calentino, pars.comm.) The f in a l stage in  the ser ies  
i s  represented by Archigates. In th is  genus development 
o f  the g en ita lia  and egg production may take place in  
the invertebrate host. The vertebrate host may be 
elim inated from the l i f e  cycle  altogether^ but th is  i s  not 
ob liga tory  and egg production nay occur in e ith er  host. 
Arohigetea i s  consequently seen not to  be an aberrant 
ganu3 but only to represent the f in a l stage in the 
progroselva diminution o f the importance o f  the vertebrate 
host, Thera is  evidently  a tendency in the fam ily f o r  
the reproductive organs to  appear e a r lie r  in  development, 
with a corresponding lengthening o f  the duration o f  the 
procercoid  la rv a l st?i£yj and the time spent in the 
invertebrate host. The lo g ic a l  conclusion o f  such a 
trend i s  the attainment o f  complete sexual maturity 
in  the la rv a l staged and th is  occurs in Archlgetes.



The position  o f  other genera in  the fam ilyj not 
mentioned above^ in  th is  ser ies  i s  as yet unknown.
Very l i t t l e  information on th e ir  l i f e  h is to r ie s  is  
ava ilab le , although none o f  the species studied to 
date show any traces o f  progenatlc development. In 
several genera, Including Honobothrium and (Tlnridacris 
i t  appears that development o f  the g en ita lia  may take 
place in  the invertebrate host. I t  i s  considered^ 
however^ that when s u ffic ie n t  information on th e ir  
l i f e  cy cles  becomes available i t  w ill  prove possible 
to  f i t  them in to the general pattern outlined above.
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CHAPT3D ?

Discussion *

The Him o f  th is  in vestiga tion  are set out :
in  thcj introduction  to  th is  work, and at i t s  conclusion  
i t  i s  as w ell to  consider to  what extant they have baan 
achieved, A study o f  tho variation  o f  possible' s p e c if ic  
characters has resu lted  in  tho acceptance o f  some as 
being su itable  fo r  taxonomic purposes and the re je c t io n  
o f  others. On the basis o f  these characters seven 
species o f  Mmnodrilns are now recognised. Of the 
other species that have at some time been assigned to  
Linnodr11ns soma are recognised as being co rre c tly  
loca ted  in  other genera while others have been reduced 
to  synonomy with the species o f  M nnodrllns. Thesa 
have been described in d e ta il, taking into account 
the variation  in th e ir  s p e c if ic  ch a ra cter is tics , and a 
key fo r  th e ir  id e n t if ica t io n  constructed. In  the 
genus the g en ita lia  provide tha most sa tis fa cto ry  s p e c if ic  
characters, but th is has meant that, with one or two \ 
exceptions, i t  i s  not possib le  to  id e n tify  Immature 
specimens, ■ This i s ,a  considerable disadvantage, as i t  
hinders the in terpretation  o f  resu lts  derived from 
f ie ld  in vestigation s.
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Th© genus as a whole proves to  he cosmopolitan 
in  I t s  d is tr ib u tion , but Individual species are re s tr ic te d  
to  a greater o r  le s s e r  degree, Llmnodrilus h offm eisteri 
and L,udekemlanus are tru ly  cosmopolitan spociesj 
1 . clsparedeanus appears to  be confined to  the h o ia rct ic  
region^ 1».helveticu s to  the pa laearctic and I^neotropicus 
to  .the n earctlc . Mmnodrilua grandlsatoaus Is  
re s tr ic te d  to  Eastern Asia* Bimnodrllus cerv ix  appears 
to  be o f  nearctlc o r ig in , but evidence i s  presented that 
suggests that i t  has com paratively recen tly  been 
introduced in to B ritain  and is  spreading slow ly throughout 
the country. D istributional studies in re la tio n  to  
the e co lo g ica l requirements o f  individual species fa ile d  
to  show any s p e c if ic  habitat preferences or  the 
existence o f  any a b io tic  lim itin g  fa cto rs , Liranodrilus 
h offm eisterj occur in  almost every available type o f  
habit at i but L«ndakeninnus and L, clapnredeanus are lo c a l ’ 
in  th e ir  d istribution* Correlations between the 
d istrib u tion  and abundance o f  some species and physical 
o r  chemical ch a ra cter is tics  o f  the environment are notedj 
but no evidence o f  any causal re la tion sh ips was foundi 
The very considerable overlap that e x is ts  in  the 
d istrib u tion  o f  a l l  species and the presence o f  mixed 
species populations suggests the unimportance o f  a b iotio  
fa ctors  and the corresponding importance o f  b io t ic  
fa c to rs  in  dotam ining the d is tr ib u tion  and abundance 
o f  each sp ecies*
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A deta iled  study o f  the reproductive b io logy  
was confined to  on e 'sp ecies , L» ho f  finelstari, I t  i s
presumed that the observed changes take place in  a 
sim ilar manner In other species* The a b i l i t y  o f  specimens 
to  regenerate lo s t  segments and o f  the g en ita lia  to  
regress fo llow in g  breading and la te r  to  regenerate is  
demonstrated. It  i s  suggested^-however^. that asexual 
reproduction does not occur to  any s ig n ifica n t degree.
The existence o f  these phenomena and the in a b il ity  to  
age specimens^ combined with other factors^ increase the 
d i f f i c u l t ie s  o f  in terpretation  o f  data derived from 
f ie ld  in vestigation s. One problem that emerged from 
these studies and w ill  require further attention  i s  
the observed paucity o r  absence o f  cocoons In some 
sp ecies , and the p o s s ib i l i ty  that these are able to  
breed without th e ir  formation^

The l i f e  h is to r ie e  studies show that no breeding 
pattern i s  ch a ra cter is tic  o f  the genus. nevertheless, 
there is  some evidence to  show that the time and duration 
o f  breading, and the age at which specimens atta in  
maturity^ are ch a ra cter is tic  o f each sp ecies . Some 
species^ as 1. c l  apa rede anus I are -s tr ic t ly  seasonal 
breeders, others^ as I>, udekanianuel art le e s  so .
Within each specie ŝ  however, there i s  considerable 
variation  with regard to  the breeding pattern^ and in 
p a rticu la r to  the duration o f  the breeding period. In
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a l l  sp a d es  the same pattern o f  a longer ’breadline; 
period in more productive habitats is  darxonstrated. 
Xiimnodrllus hoffm alstarll unlike most other species o f  
tu b if ic ld s  studied^ atta ins maturity in i t s  f i r s t  year 
o f  l i f e .  The other sp a d es  o f  Tdmnodrllns ¿generally 
bread in th e ir  second year* These resu lts  are 
confirmed by laboratory  studies^ and those also 
demonstrated that the pattern o f  breading is  d ire c t ly  
re la ted  to  the nature o f  the substratum. The existence 
o f  micro populations and th e ir  m ob ility  within a single 
lo ca lity ^  the problems o f  id e n t if ica t io n  and age 
determination hampered population studies in  the f ie ld .
I t  was evident that studios o f  th is  nature w il l  have to 
be carried  out In considerable d eta il w ithin a single 
lo ca lity ^  and a large number o f  samples taken at frequont 
in terva ls .

I t  has, th erefore , proved possib le  to  characterise 
the species o f  T.lmnodrilus on the basis o f  thei* 
morphologyJ d istrib u tion  and b io log y . In the course 
o f  th is  study J however, several new problems have bean 
posed that are important to the study o f  a l l  tu b if ic ld s ; 
The in a b i l i ty  to  id e n tify  immature specimens and t c  
age specimens must be overcome. The problems o f  
sampling and the v a lid ity  o f  the sampling techniques 
in  current use must a lso  be investigated. The 
uneven d istrib u tion  o f  tu b if ie ld s  within a small area 
presents d i f f i c u l t ie s  with respect to  the se le c tion
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o f  a sanplin& to  chat quo, hut the r e l i o b i l i t y  o f  the 
technique* detom tnas tho accuracy o f  tha rasuits*

Tho in fom a tion  coined in  tho present study, ns 
w all no so lv in g  sons o f  tho or ig in a l prob lem , contributes 
t o  in fornntion  on tho baoio b io lo cy  o f  tho conus th ich  
w il l  provide a badhcround fo r  future e co lo g ica l studies*
In  tha pro cant worSĉ  fno to lee!*; o f  t ln e j ouch studios 
have l a r ^ l y  boon ne&kjctad, hafora they era undertohen,
tho problem  rofarrod  to  in  the previous paragraph 
nust f i r s t  ha overcome»* bovarthalooo, none o f  the l in o s  
alone which such studios m y  bo expected t o  procaad 
ara indicated  in tho procant wozft*

• Tho fimdanantal approcoh to  a study o f  tho ocolony 
o f  a opacias m o t  bo tha determination o f  tho fa c to rs  
that lim it  i t s  d is tr ib u tion  and abandonee* I t  i s  
evident that i t  i s  fining to  bo none d i f f i c u l t  to  
determine» those fa cto rs  fo r  sons species o f  Ilrtnodrllug 
than fo r  others* . XAraiodriiuo h offn eiatari*  f o r  oxanploi 
has bean shown to bo the commonest species o f  tha ^emioj 
both in  tam o, o f  occurrence and abundance* . I t  i s  
cosmopolitan^ nnd occurs in  almost every type o f  hab itat, 
under certa in  conditions in  considerable abundance* I t s  
l i f e  h isto ry  shows i t  to  be a vary adaptable sp ecies ,i ” *
On the other hand, .a opccioo  litre T * c l ana re da a rsue shows . 
ovldance o f  a re s tr ic te d  distribution^ ra re ly  occurs 
abundantly and has a w ell defined breeding cycle* A 
study o f  the oco lory  o f  th is  species wo’CLd appear to
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prosent rather fewer d i f f i c u l t ie s  than o study"of 
L»hof fme i s t e r i «, '

Some ind ications o f  the fa ctors  that are o f  
inportance in the ecology  o f  Linnodrilus have emerged 
from the present study. The''preliminary .in vestiga tion  
o f  the d istrib u tion  o f  the species o f  linnodrllua  
demonstrated the re la tiv e  unimportance o f  a b io tic  fa ctors  
and emphasised the importance o f b io t ic  ones, The 
inherent adaptability  o f  each species a lso assumes 
considerable importance in  th is  context; The b io t ic  
fa cto rs  nay be subdivided Into parasites^ predators; 
food and in ter or  in tra  s p e c if ic  com petition. The 
re la tion sh ip  between LinnodriTu» and i t s  oostode ; 
parasites has been investigated ; and the s t a b i l it y  o f  
the re la tion sh ip  demonstrated. I t  \ma shown that the 
e f fe c t  o f the parasites on a population o f  lin n od rilu s  
i s  n e g lig ib le ; L it t le  information is  available on the 
importance o f  predation. Several species are known to  
feed on tu b lf ic id s , e ith e r  by d irect observation o r  by 
in d irect assumption, but more in fo  m otion 'about th e ir  
re la tiv e  importance is  required. In  p a rticu la r; the 
nature o f  the predators; the extant to which lim nodrilns 
forms an essen tia l part o f  th e ir  d ie t ; and the e f fe c t  
o f  predation on tu b if ie ld  populations must be determined. * 

The most important fa c to r  in  the eco logy  o f  
lim nodrllus. ho,.'/e vor, would appear to be the nature and 
abundance o f  i t s  food supply. The s ig n ifica n ce  o f  th is



i s  discussed b r ie f ly  in  Chapter 3* In the l i f e  cycle  
studies i t  was shown that the breeding pattern was 
dependent upon the produ ctiv ity  o f  the habitat and the 
nature o f  the substratum* She importance o f  the 
la t t e r  and the a v a ila b ility  o f  food has been commented 
on several times in the course o f  th is  work, __ The lack  
o f  information on the nature o f  tu b if ic id  food and 
feed ing  habitats has also been referred  to i In  view 
o f  the possib le  importance o f  food in determining the 
d istrib u tion  and abundance o f  Limnodrilus future work 
must be d irected  towards th is  end*

L it t le  can be said at th is  stage about the 
importance o f  com petition as a fa c to r  in the ecology  
o f  Ilm nodrllus» However^ the absence o f  m onospecific 
populations requires more deta iled  investigation* The 
existence o f  m u lt i-sp e c if ic  and m ulti-generic populations 
in  an apparently homogenous substratum, as in L itton  
Brook and the It• ThanebJ. appears to  contradiot 'Gauss'a 
hypothesis*. I t  is  possib le  that under these circumstances 
com petition i s  prevented by d ifferen t species u t i l is in g  
d ifferen t constituents o f  the substratum, thus the feeding 
habits o f  each species w ill  assume considerable importance 
in  th is  context* Should com petition occurJ the 
adaptability  o f  the species may w ell determine the outcome. 
In  the face  o f  current controversy over the importance o f  
in te rs p e c if ic  com petition as a b io lo g ica l factorJ the 
existence o f  m ulti s p e c if ic  populations must present a
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problem to  a l l  Interested In t h is  f ie ld ,  The explanation 
o f  th is  phenomenon w ill  not only ha a major advance in  
the understanding o f  tu b lf ic ld  ecology  hut may also 
have considerable influence on the development o f  
modern e co lo g ica l thought*
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Hat b 11 a o f  the samples from the 
Shropshire Union Canài

I96I 1952

L .h o ff  mei s t e r i
N J 3? F M A M M J Ji J l

Sample 1 
Immature 14 18 27 22 13 20 18 40 37 62 57 51
Mature 7 11 15 19 14 5 11 3 4 5. 6 7
Breeding 50 50 19 1  5 1 9 .8 7 12 3 1 20

Sample 2
immature - mm 20 9 27 34 21 441 78 50 74
Mature - • mm 25 14 7 8 5 3 4 5 5
Breading • - - 0 12 18 5 20 7 1 1 19

L. ol apara da anus
Sample 1 1 0 4 4 0 2 0 0 0 0 0 0

Sample 2 - - mm 0 1 0 2 1 0 0 0 0

L lcerv ix  
Sample 1 4 1 4 2 12 0 2 1 0 8 -3 2
Sample ,2 - - - 3 7 4 1 2 0 3 5 1

Total number o f
specimens , .... ...
Sample 1 I 3S 200 213135149 336 41 71115 243455 580

1 • * *
3ample 2 -  -  -  1281313031710) 78 23Î 307 530

Prom November 1951 u n til February 1952 no duplicate 
samples vere taken*
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a -ppmmix 1  etrf:

1962 1963

L.hoffma is te r i
Sample 1 

Immature»

A S S 0 N I).. A

59 68 62 50 74 29 87 68 "
Mature 4 5 18 12 11 12 3 9
Breedlm 12 5 15 32 2 $0 2 10

Sample 2 
Immature 75 72 67 57 53 25 52 63
Mature» 7 7 19 21 9 9 12 12
Brea din/? 3 4 5 17 18 59 20 17

Liclaparodaanus 
Sample 1 0 0 0 0 2 1 2 1
Sample 2 0 0 0 0 3 1 1 0

Li cerv ix
Sample 1 1 0 0 0 0 4 1 1
Sample 2 0 0 0 2 5 2 1 2

Total number o f  
specimens
Sample'1 535 600 607 712 282 809 169 4 5 0
Sample 2 310 42 6 793 $52 526 002 341 612

No samples ware collected , in  January and February 1963 ov ins 
to  unfavourable v/aather conditions.
In  each month a subsariple o f  approximately 100 specimens 
from each sample ware examined.



B a t a l l e  o f  th o s a n o le a  a t  L i t t o n  Brook

1962 1963

L. ho f  fraolata r i
A 3 0 T! T) J P M A M J J A

urnnrú.0 1 
Immatura 
Matura

, r «
8 5 15 14 11 22 20 18  6 7 27 57 31 
7  1 1  6 0 4 6 1 1  3 1  4 6 8 8

Bra a dln/? O O O O O O  7 O O 2 2 3 3

Samolo 2 
Immatura 9 11 17 16 14 7 3 17 11 22 25 68 39
Maturo 5 9 1 1  4 0 3  8 0 3 5 6 8
Brooding 1 1 1 0 0 0 0 0 0 1 0 3 2

B. udokomianua 

S ampia 1
Inmatura 14 25 a  20 40 40 63 38 19 26 27 16 30

, Maturo 0 0 0 0 0 1 9 1 1  1 1 2 0

Brooding

Samolo 2

0 0 0 0 0 0 0 1 0 2 2 1  0

Immatura 13 52 26 33 37 10 8 32 25 12 a  4 20
Matura 0 0 0 1 1 1 2 5  3 1 0 0 1
Breading 0 0 0 0 0 0 0 0 0 11 1 0 0



A v m m ix  g a tt i

1962 1953
—■A-' 9;  0 W D J F M ,A H J J ji

L .halvatlcuo ■
.Sflnple 1

llsSHa 0 0 0 0 0 0 0  0 0 1 0 2 0
■ SsssM s j ì -- 0  0  0  0 0 0 0 0 4 0 2  o  s

Panni® 2 '
Matura, .... 0 0 0 0 . 0 0 0 0 0 0 0 1

lira a 41 Uff 0 0 0 0 0 0 0 0 0 7 2 0 0*

Total munii e r  o f  - j
■ gpaoimana ' ■ !- r‘~' " ’ ,, t , 's

Banpla^l, 35 64 198 105 242 113 130 $6 54 95 247 3213$
.•gsaiaaLl 31 88 350 251 131 19 45 12 72 132 254 298^

Owìnc to  tho larga miniar o f  epacimano prò so ut sulsempias 
varo 0saninod In O ctolor, ìhvmìmrt Bseenlor; Jum, July 
and Au^ust*
T u lifgx  JnblfQ x was prasant In a l l  tha samplas lu t io  !
not includod in  th is  ta li® ;■ ■ • . . , . i
A ll  telatura Llmnndrilua, ascaptin^ spacimano o f  j
Ljjidakamlanusrt - havo laon  a ss l^ o d  to  1 «h o ffn a is to r i ao !
th is  opooios 1 o n o ro  abundant ihan L .heìvotlcu s..... .. ..... " 1 " ......

,, M
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APPSimiX %

D etails o f  the samples from Baby Pool
IM P 1 . i l  ■  nii.i— 1 ■ ■■»! I II       »  mu m IW i ■■■! < i n in p - 4 »  m  >  

The duplicate samples from March to  ea rly  September 
are compared in d e ta il. Subsequent to  September 1962* the 
number o f  specimens in each sample was so-sm all that a 
comparison o f  samples with regard to  the number o f  specimens 
o f  each species and the number in  each maturity c la ss  can 
have l i t t l e  meaning. Accordingly^ from September 1962^ 
u n til the termination o f  the sampling programme samples are 
only compared with respect to  the to ta l number o f  specimens 
and the number o f  Dimnodrllus.

1962

tilmnodrilus indot.
sampie 1

, M M A M M J J1 J! A s
6 20 7 12 17 12 2 6 37 2 15

S ampie 2 13 11 11 14 . 15 36 27 59 51 41
L. hoffme is to r i  
Semole 1 Mature 4 4 0 5 1 4 1 2 0 1

Braedìng 1 0 3 9 3 1 0 0 0 0
Semole 2 Mature 1 3 2 1 3 11 1 0 1 5

Breeding 0 1 1 2 <5 0 0 0 0 0
Lihalveticus
Semole 1 Mature 4 1 0 6 0 3 0 0 0 1

Breeding 2 3 2 6 3 2 2 2 0 5
Semole 2 Mature 0 2 0 3 1 4 0 0 0 0

Breadln/* 3 1 2 12 9 4 2 1 3 6

X>. clnparedaanus
S ampie.... 1 6 5 0 2 0 0 0 0 1 0
Semole 2 0 3 0 4 1 1 0 0 0 0

Total number o f  noecimens
Sample 1 56  72 44 102 SS 159 53.111 4 40
Sample 2 48 83 55 99 43 111 223 96 74 70
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Total number o f  suoolriena

1962 1963
S 0 II I» P M A M

Sanale 1 12 22 8 8 12 8 7 10
Sanale 2 6 28 3 2 1 1 13 0
Sanale 3 23 25 10 18 11 3 1 8
Sanale 4 6 16 0 5 0 11 2
Sanale 5 19 22 0 6 16 0

Sanale 6 ' 0 9 23 0 14 2
S amale 7 4

co ■«!*- . 14 2 6
Sanale 8 0 3 1 22 0
Total number o f  lirmortrilua

Sanale 1 12 10 6 4 8 6 3 4
Sanale 2 2 7 2 2 1 0 3 0

Sanale 3 12 11 6 9 7 2 1 3
S amale 4 2 11 0 3 0 10 1

Sanala 5 12 13 0 4 ê 0

Sanale 6 0 2 22 0 5 0
i

Spiale 7 2 25 12 1 3
Sanale 8 0 2 0 1 1 0
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Awm m x 4
Dot a l ls  o f  tha samples at Windermere

The occurrence o f  b .h o ffm a lstsr i In tha samples

1962

J F M A M J J A S 0 H U
Sample 1

Immature 41 39 31 81 51 5 9 9  17 25 5 17
Mature 8 6 5 4 7 1 1 4 4 5 2  1
Brea Aim  0 3 3 1  3 1  2 4  2 9 3 2

Total number o f  ' ' —  .»
-------- sT'a'clngna 4-9 520 4 3 139 76 7 14 18 26 55 10 20
Snrrnlo 2

Immature 13 41 14 63 57 6 30 10 11 5 6 5

Mature 2 1 5 12 7 0 2 7 2 1 3 2
Breeding 3 0 0  g 8 0 1 7 2 2 7  5

Total number o f
-----  8paolmana~18 435 21 70 114 7 42 24 17 11 19 13

Owing to  tha large.number o f  specimens present in February 
subsamples were examined. Tnbjf9 x temple ton ! was present 
in  many o f  the samples but TeT nbV'i'haltwed'1 In  th is  table*
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appshbix h

Bet n ils  o f  -the gm.nlas at Blyn To r id  

The occurrence o f  L, ho f f  mo is  to r i  in  the samples

' 19^2
d p -JL A M \1 J A s 0 N B

Sample la ■
.. Immature o 0 8 4 2 0 0 0 48 12 o 0
Mature 0 0 3 1 0 1 0 0 ’ 25 1 0 0

"Breeding 0 0 0 0 0 0 0 0 1 0 0 0
Sample lb  ■ *

, . Immature 0 0 8 0 0 0 2 18 24 0 0 0

Mature' • 0 0 1 0 0 0 2 17 9 0 0 0
Breeding 0 0 Q 0 0 0 0 0 0 0 0 0

Sample' "2a - $ *
Immature, 0 0 13 2 54 7 11 12 0 33 0 0
Mature 0 0 2 2 t** ;

«H1 0 2 16 0 4 0 0
. Breading 0 0 0 0 16 0 0 0 ; o : 0 0 0

Samóle, 2b ■ ■

Immature * 0 0 11 0 18 6 29 - 0 21 0 0
Mature' 0 0 i - o 7 1 1 0 2 0 0
Breeding 0 0 0 0 2 1 0 0 0 0 0

Samples a and b are duplicate samples tapan at the same site# 
Samples 1 and 2 are samples taken at d iffe ren t s ite s .
No sample 2b was taken in August ovdn.p to unfavourable vonths 
conditions*
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Tie t a i l  3 o f  the samples from the R, Thames,

In  th is  lo c a l i t y  Ti,udaVemianns was apparently re s tr ic te d  
to  two station s. At both o f  ’these1''i t  occurred re la t iv e ly  
abundantly, and the duplicate samples could consequently be 
compared in  d e ta il (a ) . At the remaining station s the 
number o f  L innodrilns in  each sample was so small that a 
comparison“ ©f duplicates with regard to the number o f  
specimens o f  each species and the number in  each maturity 
c la ss  can have l i t t l e  meaning* The samples from these 
station s are therefore compared only with respect to the 
to ta l number o f  Limnodrilus present ( b ) .
(a)  The occurrence ofB,udekemianus in  the samples

1962 1963
0 B V M J1

Station 71 A) Immature 0 18 10 31 19
Mature 0 14 3 10 5
Breeding 0 4 3 10 4

B) Immature 1 29 14 28 3
Mature 0 9 5 9 0
Breeding 0 4 3 18 0

Station 72 A) Immature 29 22 24 23 11
Mature 5 26 19 10 0
Breading

1 14 11 13 1
B) Immature 31 26 20 28 24

Mature 3 36 17 10 3
Breeding 1 9 9 16 2
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Aprn im x  6 ctd .

b) The occu ren ce  o f  other sr>aciaa o f  Limnodrilua In 
the samólas.

1962 1963
Oct. Bee. Fab. May •Jly. „

Station
0 A

■ mm 7 12 21 13 23
B 7 6 10 18 11

2  A 7 1 11 9 16

. . .  B 21 23 5 9 7
10 A 4 13 16 3 1

■ ' ' 13 5 19 8 3 ■ 1
15 A

« M M
25 4 0 0 5

B 2 4 5 2 3

M  A 4 12 6 0 2
B 0 14 2 1 2

i S  A 13 3 4 1 7
B 5 22 1 1 1

60 A 14 11 18 0 6
B 5 13 6 0 0

67 Ammmm 3 55 26 9 6
B , 1 40 21 14 4

69, A 21 28 8 17 12
B 11 3 24 10 9

JL A 2 20 18 6 49
B 16 23 41 25 12

21  a 26 17 . 12 8 3
B 30 12 21 7 4

Thg sta tion  numbers re fe r  to  ths distance o f  the s ita  from 
th® _ North Jbank o f  tha_JrÌYar._-— —— — ---------------------- ---------—
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Ihe v a lid ity  o f  the subsampling technique

When i t  proved necessary to  examine subsamples, i t  
was essen tia l to know I f  the technique was se le ctiv e  fo r  
a p a rticu la r species o r  maturity c la ss . The 3ubsampllng 
technique consisted o f  tran sferring  a l l  specimens in  the 
sample into a p e tr i dish. The dish was then shaken to 
ensure mixing o f  the specimens. . A segment o f  the dish 
containing approximately 50 specimens was then selected  at 
random, and a l l  specimens in  the segment ware removed fo r  
examination. The procedure was repeated to  b rin g  the size 
o f  the subsample up to  approximately 100 specimens. In 
oM er to  test i f  the tec|jrniqu<3 was selective^  the en tire  
contents o f  two samples wore subsampled and the subsamples 
compared. The resu lts  are shown below*- 
a) Sample from the Canal on December 12, 19 6 1 ,

Subsample

APPENDIX 7

Lf hoffm eisteri , 1 2 3 4 ? 6
Immature 18 14 17 19 21 22
Mature 11 13 10 13 9 10

, - Breeding 60 58 66 63 59 57
T,. cerv ix 2 2 0 1 2 1
T.- m anars de anus 0 1 0 0 1 2
K. haramoniensis 3 1 6 4 3 7
Total number o f  specimens 94 89 99 100 95 99
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Sine® a l l  species, except L. hoffrfois t e r l . vera 
ptfeent in  such small numbers, they vrare not divided into 
maturity cla sses . The fourteen specimens remaining in  

sample ware not included in  the ta b le .

%) Sannle from Bronborouyh stream on 14 October 1961»

Subsample
1 2 3 4 5 6 7

I* • ho f  fine is t e r i  
I  mature' 6 6 .8 6 10 7 8
Mature 4 2 3 1 7 3 2
Breeding 0 0 1 0 1 2 0

L.u&ekemianus . 
Immature 22 18 24 23 16 20 19
Mature 0 0 0 0 0 0 0
Breeding 0 0 0 0 0 0 0

f - tub ifex
Immature- 70 70 80 72 75 73 78
Mature 16 13 15 13 17 16 18
Breeding 2 0 3 2 0 1 4

to ta l number of... specimens 
120 109 134 117 126 122 129

^  I t  can be seen by inspection  o f  these tab les that there 
v n© evidence that the technique is  se lectiv e  f o r  a 

eular species or  maturity c la ss . The data vas nott

employe a ?

¿«pre, analyse a nunei-j.caj.iy. a’ne nunsampling xecnmr 
paisiderod to be va lid  and non -selective, and van 
fhoVvh®never i t  was necessary to examine subsamples.

tf
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A REPORT ON A COLLECTION OF AQUATIC 
OLIGOCHAETA DEPOSITED AT THE UNIVERSITY 

OF NEUCHATEL BY Dr E. PIGUET
by

R. O. BRINKIIURST and C. R. KENNEDY

Department o f Zoology, University o f 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, 
Neuchâtel. We are indebted to Dr. Dottrens and Professor Baer for 
their assistance and the loan of the collection.

1. T h e  Co l l e c t io n

The slides consist of whole mounts and sections of Tubificidae, 
Lum briculidae, H aplotaxidae and Enchytraeidae. Most of the slides 
bear a number, and most have either a locality label or a date, and, less 
o ften , th e  name o f  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 (B r in k h u r s t  1962) and further details of the changes in 
nomenclature will be found therein.

2. Comments on the collection

a) Specimens numbered 53, 64. B retscher (1901) described 
Lim nodrilus 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 neuchâteloise 
des Sciences naturelles, t. 85, 1962.



Number Date Name Current name and notes

13 15th Dec. 1896 Psammoryctes barbatus
13c-d — Psammoryctes barbatus P. barbota: few rather
13e-f 16th Dec. 1896 Psammoryctes barbatus poor sections.
13g 16th Dec. 1896 Psammoryctes barbatus
14-14Í 21st Jan. 1897 Embolocephalus velutinus Peloscolex velutinus: transverse sections 

(5 slides).
15-lSg 21st Jan. 1897 Embolocephalus velutinus P. velutinus t. s. (4 slides).
19-19j 3rd Feb. 1897 Embolocephal us P. velutinus t. s. (4 slides).
22-22n 5th Feb. 1897 Embolocephalus P. velutinus t. s. (5 slides).
23-23k 5th Feb. 1897 Embolocephalus P. velutinus t. s. (4 slides).
24-24e 5th Feb. 1897 Embolocephalus P. velutinus 1. s. (3 slides).

The slide trays containing Peloscolex slides are labelled Tubifex velutinus and bear the signature o f E. Piguet. The handwriting 
is that observed on all the 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 o f the slide reads 
« Tous des Tubifex sauf le dernier qui est un 
Embolocephalus plicatus et l’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.

29-29b 22nd Feb. 1897

32
35
37-37b

23rd Feb. 1897 
25th Feb. 1897 

9th Mar. 1897

Tubifex rivulorum

Lumbriculus variegatus 
Lumbriculus variegatus 
Limnodrilus

184



Number Locality Name Current name and notes

47 Léman 1 ( Embolocephalus plicatus) Peloscolex fe ro x : 2 specimens.
47a Lac de Neuchâtel / Peloscolex ferox Name corrected on slide at later date.
53-53c 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 Neuchâtel 1 Tubifex velutinus 5 specimens o f Peloscolex velutinus
56a Léman f (on  slide tray only) on 1 slide.
57 Lac de Neuchâtel Trichodrilusl (in pencil) 4 specimens of Dorydrilus michaelseni (see 

H b a b e  1936).
58b, c Lac de Neuchâtel Stylodrilus heringianus 

(on  slide tray only)
Transverse and longitudinal sections.

64, 64a 
64d,64e

Lac de Neuchâtel 1 
Lac de Neuchâtel f

Limnodrilus claparedeanus in P . and B. 1913 L. longus: several specimens and dissected 
genital regions (see below).

68 Lac de Neuchâtel 1 Limnodrilus helveticus 5 specimens and 3 anterior ends dissected,
68a Lac Vättern (Suède) f (on slide tray only) L. helveticus.
68b Petit ruisseau près Limnodrilus helveticus see note below.

d’Oerlikon (on slide tray only)
76, 76a Riveau de la Ferme — Tubifex sp. 1 specimen has dried up, the

(Royan) other has the same fine chaetae, a Tubifex 
type o f atrium and a penis sheath like 
T. tubifex.

79 Riveau de la Ferme 
(Royan)

— A dried specimen, as 76.

79a Riveau de la Ferme 
(Royan)

---T Euilyodrilus ? heuscheri.

91,91a Rhoni — Two specimens o f Haplotaxis gordioides.
93, 93a Lac Vättern (Suède) Stylodrilus heringianus
93b Lac Torne Träsk (Laponie) Stylodrilus heringianus Whole mounts of S. heringianus.
93c Lünersee Stylodrilus heringianus Material from S. Ekman.
9 3d Lac Torne Träsk 

(Torne Lappmark) Stylodrilus heringianus
. — --- -- - .......... ’ ......... - ...... ......



Number Locality Name

93e-f

93g-o

95
95a-c
95d

96b-c

115

1211. S. a 
121 II. S. a 
121*b 
121**b 
121 Ic 
121 lie 
121 IIIc 
123a 
123b 
123c

123d
123e
124
124a
138gl, g li

Lac Tome Trask 
(Tome Lappmark) 
Lac Torne Trask 
(Tome Lappmark) 
Environs de Bâle 
Lac Vâttern (Suède) 
Dans un puits 
(Sodbrunnen) Bâle 
Lac de Bret

Tronchet

Stylodrilus heringianus

Stylodrilus heringianus

Rhynchelmis limosella 
(on tray or (95d) on slide

Tubifex (IJ  bedoti

Lac Vâttern (Suède) 
Dr. S. Ekman 
Dr. Piguet

Rhyacodrilus palustris (deleted) 
coccineus (deleted) 
ekmani Piguet 1928

Lac de Morat 
Lac Vâttern (Suède) 
Lac Saggat 
(Sarekgebirge, Suède) 
Lünersee 
Lac de Sils 
Lac de Bienne 
Lac de Lugano 
Petit ruisseau près 
d’Oerlikon (Zurich)

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

9 slides o f transverse 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.

i—i
COo\

Serial sections. For identity see note below. I

P. ferox— dried up slides.
P. ferox— dried up slides.

P. ferox. Canada balsm mounts.
Several slides signed by D r Piguet.

Psammoryctes barbata. Dried up slides but 
chaetae still recognisable.
Bichaeta sanguinea. H r a b e  (1936) saw a 
specimen from Piguet labelled 138 b.



Number Locality Name Current name and notes

139b Seyon — 8 immature specimens o f Aulodrilus pluriseta.
140 Fürstenalp Ilydrenchytraeus stibleri 10 individuals) Neither sPecies Usted by
141 Fürstenalp Hydrenckytraeus nematoides „ . . ,  , > Nielsen and Christensen

o individuals j 1̂959^

145 Lünersee — Mesenchytraeus setosus (1 specimen).
146 3 Tümpel beim Altjaure Lumbriculus variegatus

Sarekgebirge (on slide tray) 2 specimens o f L. variegatus.
149
149a

Léman 1 
Lac de Sils J

Haplotaxis gordioides 2 specimens o f  this sp. on 1 slide.

149b Un ruisseau de Banyuls- 
sur-Mer (Pyrénées orien­
tales) A. Vandel leg.

Haplataxis gordioides 1 specimen o f H. gordioides.

157b,c La Limmat près de Baden Tubifex ( Ilyodrilus) moldaviensis Dr Piguet 8 specimens o f Euilyodrilus moldaviensis.
157d La Limmat près de Baden Tubifex ( Ilyodrilus) moldaviensis Dr Piguet 3 specimens o f Euilyodrilus moldaviensis.
157el, II La Limmat près de Baden par P. Steinmann longitudinal sections 1 . . .
157fl, IV . La Limmat près de Baden par P. Steinmann transverse sections (
166-167 Récolte Robert Müller 

dans lacs périodiques 
d’ Eichen près de 
Schopf heim (Forêt-Noire) Enchytreides (in pencil) D r Piguet Enchytraeidae sp. indet.



188 —

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 (B r in k h u r st  1962) but perhaps we should indicate that L . longus 

Bretscher has a thinwalled sheath with a pear-shaped distal expansion 
with a single, forward, projection. The second species, L . clapare- 

deanus, has a very thick-walled penis sheath with a triangular tip with 
a long forward projection and also a long backward projection as 
figured in B r in k h u r st  (1960).

b) Specimen 686. These specimens of Lim nodrilus helveticus are 
from a riverine habitat. P ig u e t  and B r e tsc h e r  (1913) mentioned 
that specimens from such habitats had different chaetae from those 
found in lakes, but no riverine locality was named. These specimens 
include one which is clearly that employed for figure 206 and thus we 
believe that the riverine locality concerned is that detailed above 
(specimen 686). However, we are unable to find any difference in the 
form of the chaetae between these and other lacustrine specimens of the 
same species.

c) Specimens 121—serial sections only. Rhyacodrilus ekmani 

Piguet, 1928 differs only very slightly from R . palustris and R . coccineus 

(see B r in k h u r st  1962). It is of interest to note that the original 
author was also in some doubt about the identity of this material. 
On some of the slides it is noticable that the spermathecal walls appear 
to join together (pi. V ila) and to the dorsal side of the gut wall 
(pi. V II6), but we can find no evidence of any actual communication 
between any of the three cavities concerned. The other character upon 
which these three species are separated concerns the abundance oft he 
hair chaetae and the presence or absence of pectinate chaetae in the 
dorsal bundles. These variations may lead to the recognition of species 
( T ubifex tubifexbergi-blanchardi)  or of varieties (Psam m oryctes ochri- 

danus f. typica—f. variabilis). There is as 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 o f tissue joining the two spermathecae 
dorsally. In fig. b the junction with the dorsal wall o f 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

D u r i n g  the course of investigations into the 
taxonomy and ecology of aquatio Oligochaeta ,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 hoffmeisleri Claparedo, 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 
socond 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 
genus1’1. In each instance the parasites were located 
in the genital segments of the tubificids. Both

Fig. 1. Archigetes appendiculatus lu the genital segments o f 
Limnodrilus hoffmeisten. Both host and parasite are sexually 
mature, eggs being clearly visible In the uterus o f the parasite. 
Note the separation o f the vitellaria into four distinct lobes. 

( x c. 17)
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ABSTRACT
T h e  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  thom psoni has never subsequently 
been recorded; T . tem pletoni 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. parvus 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 Zoology, 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 (Cemosvitov 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.

226 Proceedings of the Royal Irish Academy

Systematic  Part

The list of synomyms and references given under each species refers to 
Irish records only. For a fuller synonomy 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 symbol * indicates a new Irish record.
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Species

T ubifex tubifex (Müller, 1774.)
T ubifex costatus Claparède, 1863.
T ubifex tem pletoni Southern, 1909.

*T ubifex  ignotus (Stole), 1886.
Limnodrilus hoffm eisteri Claparède, 1862. 
Limnodrilus claparedeanus Ratzel, 1868. 
Limnodrilus udekemianus Claparède, 1862. 
Peloscolex benedeni (Udekem), 1855. 
Peloscolex ferox  (Eisen), 1879.
Psam m oryctes barbatus (Grube), 1861.
Clitellio arenarius (Müller), 1776.
Branchiura sowerbyi Beddard, 1892. 

*Euilyodrilus bavaricus (Oschmann), 1913. 
*Euilyodrilus hammoniensis (Michaelson), 1901. 
*Aulodrilus pluriseta Piguet, 1906. 
*Rhyacodrilus coccineus (Vejdovsky), 1875. 
*M onopylephorus rubroniveus Levinsen, 1883.

Distribution 

DU. WI.
DU. AN.
DU.
DU. AN.
DU. AN. ME. CV. KD. 
DU. CV.
DU. AN. NT. ME.
DU. WM.
DU. ME. WI. EM. WM. 
DU. AN. KD.
DU. WM. WC.
DU.
DU.
ME. AN.
DU. ME. CV.
DU. ME. CV.
DU.

K ey  to counties and vice-counlies :

AN. . . . Antrim; CV. . . . Cavan; WC. . . . West Cork;
DU. . . . Dublin; EM.. ., . East Mayo; WM.. . . West Mayo;
ME. . . 
KD. .

. Meath;
'. Kildare

NT. . . . Nth. Tipperary; WI. . . . Wicklow.

Tubifex tubifex
T . rivulorum  : Friend, 1897b, p.296.
T . tubifex : Southern, 1909, p.138.

Material.
2 slides, T. rivulorum coll. Southern. Murphystown1. DU.
1 slide T ubifex  sp. coll, et det. Southern. Calary Bog. WI.
1 slide T ubifex  sp. coll, et det. Southern. Glasnevin. DU.
Numerous specimens T . tubifex coll, et det.. Kennedy. Howth, Carrick- 

mines and Montpelier. 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 during recent collecting in localities indicated 
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 is in a townland (Glencullen) in County Dublin.

PROC. R.I.A., VOL. 63, SECT. B. [Z]
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T. costatus
H eterochaeta costata : Friend, 1897a, p.63.
H . costata : Friend, 1897b, p.297.
T ubifex costatus : Southern, 1909, p.139.
T ubifex thom psoni: Southern, 1909, p.140, fig.7.
H eterochaeta 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 no.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 are 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. thom psoni 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 chaetae, 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 misinterpretation of the genital ducts, it may be presumed 
that T. thompsoni Southern is a synonym of T. costatus Claparède.

T. templetoni
T . tem pletoni Southern, 1909, pp.140-141, fig.6.
T. tem pletoni : Friend, 1912, p.292.
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Material.
1 slide T. tem pletoni. 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. Carrickmines 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 Lough 
Neagh (the specimens identified by him as T . barbatus, see page 234) contained 
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. parvu s: Friend, 1912, p.274.
L. hoffm eisteri: 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.lll. 1909. Coll, et det. Southern. Montpelier.

DU.
1 slide L. parvus. Coll, et det. Southern. R. Annalee. CV;
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. H offm eisteri. He considered the chief distinguishing characters to be :—
1. Pharynx reaches back to fifth segment.
2. Unbranched in tegumental vessels.
3. Shape of chaetae.
4. Shape of penis sheath.
5. Shape of spermathecae.............
6. Shape of spermatophores,



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. hoffmeisteri. 

Spermatophores (6) are present in one specimen but no difference between 
them and the spermatophores of L. hoffm eisteri 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. hoffm eisteri 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. 

hoffm eisteri will appear at a later date.) The specimens from Esrom can 
undoubtedly he assigned to L. hoffm eisteri 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 8 "6: 1 to 11*1 : 1.

The validity of this species has often been questioned. Cernosvitov (1939) 
regarded it as synonomous with L. hoffm eisteri 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 o f L . hoffm eisteri 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. hoffm eisteri (1913) he 
does not give a description of his specimens so his record must be regarded 
as dubious. L. hoffm eisteri 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. lon gu s: Southern, 1909, p.136.
L. lon gu s: 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
L. udekem ianus: Friend, 1896, p.127.
L. udekem ianus: Friend, 1897a, p.297.
L. udekem ianus: Friend, 1897b, p.207,
L. udekem ianus: Friend, 1898, p.120.
L. udekem ianus: Southern, 1909, pp.135-136.
L. udekem ianus: Friend, 1912, p.292,
L. udekem ianus: Friend, 1913, p.171.
L. udekemianus v. wordsworthianus: Friend, 1912, p.292.

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, Southern’s synonomy must be 
accepted.

Southern’s records of L . udekemianus for Ireland are, however, dubious. 
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 during the survey. In collections made since 
this survey it has been found in the Navan and Drogheda Canal, ME.

Limnodrilus sp.

Material. '
- 1 slide T ubifex  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
T ubifex ben eden i: Southern, 1909, p.139.
T . b en ed en i’. Southern, 1911, p.5.

Material. •
Several specimens of P. benedeni. Coll, et det. Healy. Bull Marsh. DU.

As a result of misidentification by Friend, considerable confusion 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, .-v
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P. ferox .
H em itubifex b en ed ii: Friend, 1896, p.128.
H . ben ed ii: Friend, 1897b, p.297.
H . benedeni v. pustulatus Friend, 1898b, p. 120.
T ubifex ferox  : Southern, 1909, p.139.

- Tubificid  indet. : Friend, 1911, p. 14. ,
H . b en ed en i: 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 T ubifex  sp. . Coll, et det. Southern. Calary Bog. WI.
1 slide T ubifex  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 Peloseolex. Species now recognised as belonging to this 
genus have, at various times, been assigned to the genera H em itubifex, 

T ubifex  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 papillae 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, i.e. H . pustulatus. His description, however, is vague and 
Cemosvitov (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 T ubifex  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 T ubifex  

sp. . At this time Peloscolex was regarded as being synonomous with Tubifex  

but the species now recognised as belonging to .Peloscolex  are identifiable, 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.
T ubifex  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 . hoffm eisteri 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. sow erbyi: Southern, 1909, pp.134-135.
B. sow erby i: 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 specimen.? 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 A . 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.
1 specimen M. rubroniveus. Coll. Healy, det. Kennedy. Bull Marsh. DU. 

(0230366).
This is a new Irish record.

Aegliana sigma Friend
Saenuris linea ta: Friend, 1912a, p.221.
A . sigm a: Friend, 1916, p.25.
This is considered by Cemosvitov (1941) to be a species of uncertain genus.
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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, f This omission is rather surprising as this species is 
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 Fleshwidc, Colby 
River, Port Soderick, Poyllvaaish, Arbory) do not have a zone of brackish1) 
water as these tiny estuaries have been blodced 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.

*) 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 o f 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 (H y n e s  p . c .) .

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 B r in k ­

h u r s t  (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 

B r e t s c h e r .

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.



Fig. 1. Map of the southern half of the Isle of Man showing major streams and collecting stations.

Archiv f. Hydrobiologie. Bd. 58. 
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Station 2 0. 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 2 2. 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. 3) 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
Ardiiv 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

Fig. 2. Map of the Silverbum 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

Oja

i-
I 10 Òi

Pig. 3. Tide curves and salinity records for 5 stations on the Silverbum 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 jenkinsi 

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, L 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 c D E F G H J K L M N
Tubifex tubifex 1.7 0 41.8 40.5 28.3
T. nerthus 8.3 4.2 3.8
Limnodrilus hoffmeisteri 87.5 16.6 16.6 22.7
L, udekemianus 12.6 8.3 7.1 11.3
Stylodrilus heringianus 6.4 5.6
Enchytraeidae indet. 16.5 24.8 28.3
Tubifex costatus 19.2 33.4 21.6 29.3 59.1 29.2 45.1 41.0 32.0
T. pseudogaster 42.3 8.840.2 44.9 30.7 43.5 48.5 35.7 30.4
Clitellio arenarius 36.6 57.9 38.5 12.1 2.0 27.3 1.5 23.2 35.7
Peloscolex benedeni i.9| 0 0 13.8 8.4 0 4.5 0 0 0 8.3

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 Himant ( H y n e s  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 (B r in k h u r s t  1962 a) but they were not obtained in this 
survey. Organic pollution gradually reduces the number of species present 
as it increases in severity (B r in k h u r s t  unpublished) much as with other 
groups of freshwater invertebrates (H y n e s  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. R a v e r a  (1951) showed 
that Tubificadae (? 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 (B r in k h u r s t  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 B r in k h u r s t  1960, 
redescribed B r in k h u r s t  1962 a, b) and T. nerthus, a species new to Britain. 
The latter was described as inhabiting springs and streams (M ic h a e l s e n  

1908) but has subsequently been recorded from brackish water (K n o l l n e r  

1935, B u l o w  1957).
Finally it is again apparent that several species of these small worms can 

inhabit the same locality despite their apparent similarity in habit (B r in k ­

h u r s t  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.

S p e c i e s  r e c o r d e d

1. T u b i f i c i d a e

Tubifex

Tubifex tubifex 

Tubifex ignota 

Tubifex costatus 

Tubifex pseudogaster 

Tubifex nerthus

Limnodrilus

Limnodrilus hoffmeisteri 

Limnodrilus udekemianus 

Limnodrilus claparedeanus

Feloscolex

Peloscolex ferox 

Peloscolex benedeni

Clitellio

Clitellio arenarius

Aulodrilus

Aulodrilus pluriseta

2. Lumbriculidae 
Stylodrilus

Stylodrilus heringianus

3. Lumbricidae 
Eiseniella

Eiseniella tetraedra

4. Naididae 
Nais

Nais pseudobtusa

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.



Zusammenfassung
1. 14 Arten -wasserlebender Oligodiaeten wurden in der Südhälfte der Isle 

of Man gefunden.
2. Die Verbreitung von 9 Arten wurde etwas eingehender im Silverbum-

Aestuar, Castletown, untersucht. *
3. Die Beschaffenheit des Untergrundes (und im Zusammenhang damit die 

Fließgeschwindigkeit des Wassers), der Grad der organischen Verunreini­
gung und der Salzgehalt wurden als wirksame Faktoren für die Verbrei­
tung und Häufigkeit der Tubificiden herausgestellt.

4. Für mehrere Tubificiden-Arten scheint es charakteristisch ku sein, daß 
oft mehr als eine Art derselben Gattung im gleichen Habitat Zusammen­
leben.
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Occurrence of the Genus Archigetes in 
Britain

D u r i n g  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 append iculatus Mrazok, 1897 (non 
Ratzol, 1868) was first obsorvod in a specimen of 
Limnodrilus hoffrneisleri Claparède, 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 
genus1’2. In each instance tho parasites woro located 
in the genital segments of tho tubificids. Both

Fig. 1. Archiqetes 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 o f tho vitellaria 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 udlânt til os af professor Kaj Berg -  
bemærkede vi nogle individer af Archigetes, en slægt 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 Claparède, 1862), som 
blev taget i Esrom So af Berg ved hans undersogelse af denne (Berg 
1938). Pâ grund af dyrets alder og fordi det var ufarvet, er vi ikke 
fuldstændig sikre pâ artsbestemmelsen, men vi mener, at det drejer 
sig om Archigetes sieboldi Leuckart, 1869. Bestemmelsen blev fore­
taget efter nogle nyere beskrivelser af slægten (Janiszewska, 1954; 
Kulakowskaja, 1961). Parasitten blev lokaliseret i tubificidens genital- 
segmenter og indeholdt æg i uterus (se fig. 1). I et andet dyr af L. 
aurostriatus fandt vi en juvenil cestode, men denne kunne end ikke 
bestemmes til slægt.

Archigetes er tidligere blevet fundet i Danmark i Susaa og i en 
dam nær Lyngby (Jylland) af Boisen-Bennike (Berg et al., 1948).

Fig. 1. Archigetes sp. i genitalsegmenteme hos Limnoclrilus aurostriatus, ca. 50 X 
forstorrelse. Bade vært og parasit er konsmodne; man ser klart æggene i uterus 
hos parasitten. Dyrene er ufarvede og konserverede i kanadabalsam.
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Dyrene fra Susaa besternte han som A. cryp tobothrius, og dyrene fra 
Lyngby som A. siebold i. Ovennaevnte fund er det forste fra en dansk 
so. Udbredelsen af slaegten A rch igetes  er i det hele taget kun under- 
sogt 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 yderligeTe 
oplysninger om forekomsten af A rch igetes  og andre af oligochaeter- 
nes parasitiske cestoder. Vi ville saette stör pris pä korrespondance 
med andre, som finder et sädant materiale under deres ferskvands- 
biologiske studier af beslaegtede omräder.

Vi vil gerne takke professor Kaj Berg for tilladelsen til at fotogra- 
fere dyret samt for oversaettelsen af denne meddelelse fra engelsk 
til dansk.
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TUB BIOLOGY 01? SOMS 1PRH3HVAT3H OUQOCHA12T3S

Tha m ajority o f  publications on the genus hlnnodrilus 
Clap* (T u bifie idae) have bean o f  a systematic nature.
A large number o f  species had been described on the basis 
o f  m orphological characters, but in  the absence o f  any 
account o f  the variations o f  tha characters used and 
tha b io logy  o f the species the systematic p os it ion  o f  
many o f  them v/as dubious* The aim o f  the present 
in vestigation  was therefore to  determine the true 
re la tion sh ips o f  these species by a study o f  th e ir  
morphology, d is tr ib u tion  and l i f e  histories^"and then to  
give an account o f  the taxonomy and b io logy  o f  the species 
o f

As a resu lt o f  morphological and l i f e  h istory  
studies the genus is  re-defined  and seven species 
recognised. These are described and are distinguishable 
prim arily on tha nature o f  the male a fferen t duets*
An account o f  the variation  o f  the s p e c if ic  characters 
i s  given* Of the remaining species o f  Limned r llu a  
that had been described,, some were recognised as being 
co rre c t ly  loca ted  in other generaj soma vare reduced to  
synonomy and a few i^ere retained as species dubia*



The genus as a whole proves to  be cosmopolitan in  
i t s  distribution^ but d ifferen ces in  the geographical 
d istrib u tion  o f  the species vora found, Two species 
are cosmopolitan, ona h o la rc t io j one n earctic j one - 
pa laearctic and one neotropical# She remaining species 
i s  re s tr ic te d  to eastern Asia. Of the f iv e  species 
that occur in  B ritain , two appear to  have been recently  
introduced. The d is tr ib u tion  o f  the remaining three 
species overlaps considerably, and they frequently  formed 
mixed species populations. Ho s p e c if ic  habitat 
preferences or  lim itin g  fa ctors  were recognised.

In a study o f  the l i f e  h is to r ie s  o f  the B ritish  
species under laboratory  and f ie ld  cond itions i t  was 
apparent that no breeding pattern is  ch a ra cter istic  o f  
the genus. There is  some in d ica tion  that the time o f  
breeding and the age at which specimens attained maturity 
are s p e c i f ic  ch a ra cter is tics , but within each species 
the breading pattern varies considerably. The duration 
and, to  a le s s e r  extant^ the time o f  breeding appears to  
be re la ted  to the produ ctiv ity  o f  the habitat and the 
nature o f  the substratum. The l i f e  h is to r ie s  o f  soma 
species are more variable than that o f  others, and the 
more adaptable species prove to  be those that have a 
widespread d istr ib u tion .

I t  appeared that a b io t ic  fa ctors  o f  the 
environment are o f  l i t t l e  importance in determining the



d istrib u tion  and abundance o f  tha species o f  M nnodriluol 
and that o f  tha b io t ic  fa ctors  food i s  l ik e ly  to  b® 
tha most important, Tha rela tion sh ip  between Llmnodrilus 
and i t s  castode parasites was considered in d e ta il, 
but i t  was shown that these parasites have a ne^li^ lble 
e f fe c t  on the population density o f  Llnnodrllua,

I t  has, th erefore , proved possib le  to characterise 
the species o f  Mmnodrilus on the basis o f  th e ir  morphology! 
d is tr ib u tion  and b io logy . I t  was not possible to  
recognise the e co lo g ica l requirements o f  each specieoj 
or tho fa c to rs  that detom ine the d istrib u tion  and abundance 
within any h ab itat, but from the available evidence i t  
Is  apparent that the nature.and abundance o f  the fond 
supply requires further in vestiga tion .



English version of "Forekwasten af baendelorme-slaegten Archigetes Leuckart 
1869 (Cestodaj Caryophyllidea) i Danmark" Flora 0g Fauna 69« arg. 1. haefte 
1963.

During the course of a recent examination of some Oligochaeta from Lake 
Esfom, 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 aurostriatu3 Southern. 1909 (L. hoffmeisteri Claparede, 1862), 
taken from Lake Esrom by Berg during the course of his survey of the lake 
(Berg, 1938)• 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, I869. The identification 
was made from recent descriptions of the genus (janiszewska, 1954; Kulakowskaja, 
1961). The parasite was located in the genital segments of the tubificid, 
and contained eggs in the uterus (see fig. l). Another specimen of, L. 
aurostriatus contained a juvenile cestode, but this was not identifiable even 
to genus.

Archigetes has previously been recorded from Denmark from the River Susaa 
and frau a pool near Lyngby (Jutland), by Boisen-Bennike (Berg et al., 1948). 
The specimens from the River Susaa he identified as A. cryptobothrius. and 
those from Lyngby as A. sioboldi. The above record 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 occurrence, but has been frequently 
overlooked. Currently we are collecting' further data on the incidence and 
occurrence of Archigetes and other cestode parasites of Oligochaeta. Ve 
would appreciate correspondence with other workers who may find such material 
during the course of their studies on related fields of freshwater biology.

Ve wish to record our thanks to Professor Kaj Berg for permitting us to 
photograph the specimen, and for translating this paper into Danish.

Figure 1 Archigetes sp. in the genital segments of Limnodrilus aurostriatus.
ca. 50 X magnification. Both host and parasite are sexually mature, 
eggs being clearly visible in the uterus of the parasite. Specimens 
unstained and mounted in Canada balsam.




