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Abstract: Marine Tubificidae (Annelida, Oligochaeta) from Bahia de San Quintin, Baja
California, are described, and their distribution in the bay noted relative to the mean particle
size of the sediments. Tubifex postcapillatus, n. sp. is characterized by its simple-pointed
dorsal setae, and short hair setae which occur in postclitellar segments only. The setal
pattern and details of the genital anatomy distinguish Thalassodrilus belli, n. sp. from other
members of its genus. Both of these species are associated with the finest sediments which are
located mainly at the north end of the bay.  Limnodriloides monothecus,  n.  sp.  with its
single, mid-dorsal spermatheca unique to this genus, occurs mainly in silts and very fine sands
(4 to 5 01. Limnodriloides verrucosus, n. sp. possesses a papillate body wall previously
unknown in the genus, but reminiscent of the Peloscolex condition; it occurs in all sediment
types in the bay (3 to 8 0) but is most abundant in the 5 to 6 range. The dominant oligo-
chaete. Limnodriloides barnardi, n. sp., closely resembles Limnodriloides winckelmanni
Michaelsen, especially in its possession of elongate, grooved spermathecal setae enclosed in
vacuolated sacs; the species are distinguished by details of their penial structures. Limno-
driloides barnardi. n. sp. occurs in all sediment classes but its optimum range appears to be in
4 to 6 sediments.

In a general report on the benthic exploration of
Bahia de San Quintin,  Baja California,  in  1 960—
1961, Barnard (1962) pointed out that unpolluted
or unmodified bays and enclosures of the South-
ern Pacific region of North America are both rare
and poorly known biologically.  Barnard (op. cit.)
states the two primary objectives of the survey as
"...  a  search  for  basic  information  on  an  un-
polluted enclosure as near southern California as
possible, and the initiation of comparative investi-
gations  planned  by  the  Institute  of  Marine  Bio-
Research on many such enclosures in the Eastern
Pacific."  This  paper  reports  on  the  systematics
and  distribution  within  Bahia  de  San  Quintin  of
the tubificid oligochaetes.

The  recognition  of  Oligochaeta,  mainly  Tubi-
ficidae,  as  regular  components  of  the  marine
benthic community, has occurred only within the
last  decade.  Previously  oligochaetes  were  re-
garded as more or less exclusively fresh-water or
terrestrial  with  an  occasional  species  "invading"
the marine environment via estuaries and fresh-
water  sources  in  the  littoral  zone.  Undoubtedly
this may be true of some species, but the works of
Brinkhurst  (1963;  1966),  Hrabe  (1966;  1967:
1971a;  1971b),  and  Cook  (1969;  1970a;  1971)
have demonstrated that  a  significant  number of
truly  marine  Tubificidae  exist,  including  some
from the deep sea (Cook,  1970b).

The  collection  of  Tubificidae  from  Bahia  de
San  Quintin,  numbering  55  samples,  each  con-
taining  from  1  to  about  500  worms,  was  re-
ceived for examination from the Smithsonian In-
stitution.  Five  species  of  Tubificidae  have  been
recognized, namely, Tubifex postcapillatus n. sp.,
Thalassodrilus belli n. sp., Limnodriloides barnardi
n.  sp.,  Limnodriloides  monothecus  n.  sp.,  and
Limnodriloides verrucosus n. sp.

STUDY  AREA  AND  METHODS

Bahia  de  San  Quintin  is  located  on  the  Pacific
side  of  Baja  California  with  its  northeastern  tip
at  30°  30'  N,  116°  00'  W.  A  full  description  of
the study area, field, and laboratory methods, in-
volved  in  the  survey  is  available  in  Barnard
(  1  962 )  .  Briefly,  an area of  six  square miles  in
the eastern arm of the bay was sampled as uni-
formly as possible at a density of 15 stations per
square  mile.  A  benthic  sample  was  collected  at
each  station  (designated  SQ  1  to  94)  using  a

1 National Museum of Natural Sciences, Ottawa,
Ontario. Canada, K1A OM8 (Present Address: Great
Lakes Biolimnology Laboratory, Canada Centre for
Inland  Waters,  Burlington,  Ontario,  Canada,  L7R
4A6).
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modified  Hayward  orange-peel  grab  wiih  a
Capacity  of  650  sq  cm  (0.065  sq  cm).  Material
from (he grab was washed through a Tyler screen
(12.6 mesh strands per cm: mesh diameter 0.'4$5
mm), (he animals preserved in 4 percent formalin
and  transported  to  the  laboratory.  Here  they
were  rewashed  through  a  screen  (23.6  mesh
strands  per  cm),  sorted  into  taxonomic  groups,
stored  in  formalin  for  three  months  and  finally
transferred to 70 percent ethanol,

The  Oligochaeta  had  been  lightly  stained  in
cosin,  dehydrated,  and  transferred  to  methyl
salicylate  by  the  late  A.  W.  Bell,  who  had  also
made  microscope  slide  preparations  of  one  to
four  individuals  from a number of  samples;  from
this preliminary survey Bell had apparently recog-
nized  the  presence  of  a  Limnodriloides  (some
slides  labelled  as  "£,.  winckelmanni")  and  a  spe-
cies  of  "Peloscolex"  or  "Tubifex"  (—  T.  post-
capillatus) . After Bell's slides had been examined
to  assess  the  number  and  type  of  taxa  involved,
material in fluid was studied and identified using:
a)  temporary  mounts  in  methyl  salicylate;  b)
permanent  whole  mounts  in  Canada  Balsam,
stained  in  eosin;  c)  permanent  mounts  of  dis-
sected  worms  lightly  stained  in  either  eosin  or
Harris'  haematoxylin.  In  25  samples  the  num-
bers of worms were too large to permit identifica-
tion  of  every  individual,  therefore  subsamples
of  about  30  worms  were  taken  by  the  following
method which eliminates, or minimizes, any selec-
tion bias for large individuals.  Material  was trans-
ferred  to  a  small  dish  where  it  was  spread  out
uniformly  (as  estimated  visually):  30  individuals
were  separated  from  one  small  area  (size  de-
pendent  on  total  sample  size)  and  these  identi-
fied.  A  rough  estimate  of  the  total  number  of
individuals  (T)  in  these  samples  was  arrived  at
by  comparing  the  area  occupied  by  30  indi-
viduals  (As)  with  the  total  area  of  the  sample
dish  (At);  i.e.,  T  =  30  (At)  /As.

SYSTEMATIC  ACCOUNTS

Tubifex  postcapillatus,  new  species

Figure 1

Holotype. — United States National Museum (USNM)
catalogue  number  452S9.  Bahia  de  San  Quintin.
Station number SQ 1. Depth, less than 2 m, in gray
clay.  Collected  22  April  1960.

Paratypes.—  USNM  45290.  Five  individuals
from SQ 9 (less than 2 m depth, in black sandy silt
with small amounts of clay: collected 22 April 1960).
and four individuals from SQ 5 (less than 2 m depth.

in d.iil gri
Musi "mi of Na
catalogue numbci '■■\/' < >ne indi
holotype.

Etymology,  "mini!.  I
hair"; hence species ha h

Description.  -Up  lo  5X  segments.  About
mm long.  I  >iamcti  i  i  i<.  0.41  nun and >
mm ai segment XI. (3 mm tapering lo ;i minim
of  0.16  mm  posteriorly.  Prostomium  roun
long as. or sliorki than it is wide at the pcristomiui
junction, Clitellum weakly develop
XI  and  %  XII.  Dorsal  setae:  in  segment!  It  to  •
each bundle contains 1 lo 4. sometimes 5, hit ni
75 to 85 ii. long, with the upper tooth slightly longCI
than the lower; from about segment XIII to terminal
segment each bundle contains two or three smooth
hair  setae  110  lo  125  //  long,  and  two  or  three
elongate, single-pointed crochets SO lo 95 » long;
modified crochets and hair setae are similar in appear-
ance but differ in the lattcr's lack of a node, more
slender form, and greater length. Ventral setae: an-
teriorly each bundle contains three to five bifid seiac
70 to 88 /a long, with the upper tooth slightly longer
than the lower; posteriorly each bundle has two setae
similar  in  form  anil  length  to  anterior  setae.  No
modified genital setae. Paired spermathecal and male
pores are situated in the line of the ventral setae on
segments X and XI respectively.

Male  genital  system  (all  structures  paired):  vas
deferens 25 to 3 1 m diameter, about 1.25 mm long (in
holotype). joins the atrium subapically and dorsal ly.
opposite  to  the  prostate  gland.  Atria  hook  —  to
commar-shaped, reflexed posteriorly, about 340 ,
in total length, 54 to 100 n diameter: atria reach their
maximum diameter distally to vas deferens prostate
junctions; internal lining epithelium of this swelling
more glandular  than remaining atrial  lining.  Atria
terminate in cuticularized penes 105 to 135 m long.
50 to 70 /x diameter. Prostate gland relatively small.
more or less enclosed by "hook" of atrium. Paired
spermathecae with large ovoid to sacciform ampullae
and  barrel-shaped  ducts  about  135  u  long.  60  ti
diameter. Spermatozeugmata elongated ovoids. about
260 n long, 63 u maximum diameter.

Remarks.  —  Tubifex  postcapillatus  differs  from
other  members  of  the  genus  in  possessing
hair  setae  and  simple-pointed  crochets  only  i
posterior  segments.  In  other  species,  where  thej
occur,  hair  setae  are  always  present  in.  and  tend
to  be  more  numerous  on.  anterior  segment
Simple-pointed posterior setae are known
Peloscolex species [e.g., P. heterocltaetu
sen.  1926).  P.  swirencovi  (Jaroshenk
and  P.  intermedins  Cook.  1969]
is  characterized  by  the  possession  of
or  ridged  body  wall,  at  least  at  some  ti
life  cvcle:  the  distinctions  between  2



128 BULLETIN  SOUTHERN  CALIFORNIA  ACADEMY  OF  SCIENCES VOLUME 73

Figure 1. Tubifex postcapillatus, n. sp. A, Longitudinal view of genital segments; B, Distal
end of atrium (optical section): C. Penis: D. Anterior dorsal seta; E, Anterior ventral seta;
F, Posterior dorsal crochet; G, Part of hair seta (same bundle as F). 1. spermathecal duct;
2,  spermatozeugma; 3,  vas deferens;  4,  atrial  ampulla;  5,  prostate gland; 6,  penial  sac;
7, atrial muscle layer; 8, glandular epithelium of distal atrium; 9, penial sheath.

Peloscolex, which are complex and probably arti-
ficial,  are  discussed  in  Pickavance  and  Cook
(1971 ). Immature, semi-mature and mature indi-
viduals of T. postcapillatus which were examined
showed no trace of papulation, body wall  ridges
or accumulations of foreign particles, and is there-
fore precluded from Peloscolex as this is presently
defined.

Thalassodrilus Brinkhurst. 1963

Definition.  —  Hair  setae  absent.  Penial  setae
present or absent. Body wall smooth. No gut divertic-
ulae.  Thick  muscle  layer  associated  with  paired
atria, at least terminally. Wide vasa deferentia, shorter
than, or about as long as the atria, enter the latter
apically. Each atrium with a small compact prostate
gland.  Spermathecae  small  or  absent.  Sperm  in
spermathecae in random masses; spermatozeugmata
absent. Coelomocytes absent.

Type species. — Rhyacodrilus prostatus Knollner,
1935.

Remarks. — Thalassodrilus was established by
Brinkhurst  (1963)  to  accommodate  R.  prostatus.
Hrabe  (1967)  rejected  the  genus  and  placed  R.
prostatus  in  Limnodriloides  but  later  (Hrabe,
1971b) modified his opinion, redefined Thalasso-
drilus,  and  included  in  it  R.  prostatus,  Limno-
driloides roseus Pierantoni,  1903,  Limnodriloides
pectinatus  Pierantoni,  1903,  and  Limnodriloides
gurwitschi  Hrabe,  1971  (1971a).  The  modified
definition  of  Thalassodrilus  given  above  differs
from  Brinkhursfs  (1963)  and  Hrabes  (1971b)
conception of the genus by its specific reference
to the heavy musculature associated with the male
genitalia,  and  contains  T.  prostatus  (Knollner),
T.  gurwitschi  (Hrabe)  and  T.  belli,  n.  sp.  The  de-
scriptions  of  L.  roseus  and  L.  pectinatus  are  in-
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adequate  ami  in  this  author's  opinion  should
remain as species inquirendae in Spiridion (( ook,
1969;  Brinkhurst  ami  Jamieson,  1971  );  they  can-
noi  be  included  in  eithei  Limnodriloides  because
they  lack  gut  diverticulae,  or  Thalassodrilus  be-
cause they do not possess heavy atrial or pseudo-
pen ial musculature,

Some  problems  with  Thalassodrilus  do  remain
however.  Thalassodrilus  gurwitschi  and  /  '.  belli
are  clearly  closely  related  and,  except  for  their
lack of gut diverticulae and possession of relatively
wide vasa defcrcntia,  could be considered as spe-
cies  of  Limnodriloides;  both  differ  from  /.  pro-
status  in  their  common  possession  of  thick
muscular  pseudopenes  and  distinct  thin-walled
atria, rather than the thick, muscular, pear-shaped
structures thought to be the atria in '/'. prostatus.
It  is  argued that  the  latter  could  be derived from
a  7\  gurwitschi-Yikc  ancestor  by  the  excessive  or
precocious  development  of  the  pseudopenial
musculature  which  finally  enveloped  and  in-
corporated  the  original  atrium  both  morpho-
logically  and  functionally.  The  author  feels  that
because of this possible mechanism together with
the  possession  of  relatively  wide  vasa  deferentia
and the other, mainly negative, characters included
in  the  generic  definition,  the  three  species  here
included in Thalassodrilus form a convenient, and
possibly  monophyletic  group.  An  additional  ad-
vantage  of  the  arrangement  is  the  removal  of  T.
gurwitschi  (and  T.  belli)  from  Limnodriloides
which  therefore  remains  the  homogenous  taxon
defined in  Cook (1969)  (and see discussion under
Limnodriloides,  below).

KEY  TO  SPECIES  OF  THALASSODRILUS

la.  Penial  setae  present.  Atria  pear-shaped  with
thick  muscular  walls  .  T.  prostatus  (Knollner)

b. Penial setae absent. Atria elongate, thin-walled,
with muscular pseudopenes terminally

2a.  Spermathecae  present  T.  belli,  n.  sp.
b.  Spermathecae  absent  T.  gurwitschi  (  Hrabe  t

Thalassodrilus  belli,  new  species

Figure 2

Holotype.—  USNM  45287.  Bahia  de  San  Quintin.
Station  SQ  3.  Depth,  less  than  2  m.  in  gray  clay.
Collected 22 April 1960.

Paratypes. — USNM 45288. One individual from
SQ  1  (in  black  mud):  four  individuals  from
SQ 2 (in dark gray clay); one individual from SQ 6
(very  dark  clay,  some lighter  clay);  one  individual
from SQ 7 (black sandy silt); for all stations depth.

less  than  '2  April  19
One  individual  I  r<  im  Q  D  In,  lei
dark gray sill ( ollci ted 22 April

Etymology.  'I  lie  species  ia  named  in
ol  the  late  l)i.  A.  W,  Bell,  I  (O  I
paii cit this collection

Dest  ription,  55  i"  63  icgmi  ni  13  u,
mm long. 0.32 to 0.43 mm diamctei antcriorl
to 0.61 mm ai segment XI. 0.4 mm tapering to (|
inni posteriorly. Prostomium shortci than n i
at the peristomium junction. < litcllum restricted to
segment XI and a small pari "i I gmenl XII. D
and ventral setae similar in number, size and shape: se-
tae three to five per hundle anteriorly, two per bundle
posteriorly; setae bifid, 69 to 105 f ; long, with the
upper tooth slightly thinner than, but as long as. the
lower; setae in the middle region of the body tend
to be shorter than others. Paired male and spcrma-
thecal pores open in the line of the ventral setae:
spcrmathccal pores open near intersegmental furrow'
IX X.

Pharyngeal glands in segments IV anil V. Chlor-
agogen cells  begin in  segment VI.  No disccrnahle
gut diverticulae. Male genital system (all structures
paired ) : vas deferens, about 265 ^ long. 20 to 30
n diameter, joins atrium apically. Atrium about 335
/x long, with an apical swelling 47 to 54 >i diameter.
and a long duct 20 to 26 ft diameter uhich is con-
voluted or folded proximally. Folded part is enclosed
in a muscular sac. forming a protrusible pseudopenis.
Prostate  gland  small,  joined  to  the  atrial  swelling
ventrally. Paired spermathecae relatively very small,
pear-shaped, 70 to 1 10 ^ diameter with very short.
indistinctly separated ducts. Sperm in spermathecae
in random masses.

Remarks. — The general dimensions, the peculiar
form  of  the  male  genitalia,  the  number  and
form  of  the  setae,  and  the  absence  of  gut
diverticulae.  are  all  characters  similar  in.  or  com-
mon to,  both  T.  belli  and T.  gurwitschi.  The latter
species, however, has no trace of spermathecae in
the many mature and immature individuals studied
by  Hrabe  (1971a:  pers.  comm.).  A  further  dis-
tinction  between  the  two  species  is  found  in  the
setae;  in  T.  gurwitschi  the  upper  tooth  of  each
seta  is  distinctly  thinner  at  the  base  than  the
lower  tooth  (Hrabe.  1971a.  Fig.  1  a-c)  whereas
in T. belli the basal width of the teeth are approxi-
mately  equal  (Fig.  2d).

Limnodriloides  Pierantoni.  1903

Definition. — Hair setae absent: somatic setae
bifid crochets. Penial setae absent. Body wall
or.  rarely,  with  raised  papillae.  Gut  in  i
preclitellar region with a pair of diverticulae. Paired
atria divisible into well-defined ampullar and duct
reaions. both with relatively thin muscle wall-
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Figure 2. Thalhssodrilus belli, n. sp. A, Longitudinal view of genital segments; B, Transverse
section  of  male  pore;  C.  Transverse  section  of  spermatheca;  D,  Seta  (segment  VIII).  1,
spermatheca; 2,  vas deferens; 3.  prostate gland; 4,  atrial  ampulla;  5,  penial  complex; 6,
epithelium  of  clitellum:  7,  circular  muscle;  8,  muscle  sac  surrounding  penis;  9,  lining
epithelium of penial duct; 10, longitudinal muscle; 11, sperm mass.

deferentia about as long as. or slightly longer than,
the atrial ampullae (excluding the duct) which they
join more or less apically. Compact prostate glands
join atria on discrete, broad prostatic ducts. Penial
structures variable in form but are rarely absent.
Spermathecae relatively large. Spermatozeugmata
absent, but in most species sperm in the spermathecae
are organized into discrete, oriented bundles. Coelo-
mocytes absent.

Type species. — Limnodriloidcs appendiculatus Pier-
antoni, 1903.

Remarks.  —  A  short  history  of  Limnodri-
loides, a revised diagnosis of the genus, and rea-
sons  for  removing  S.  roseus  (Pierantoni)  and  S.
pectinatus  (Pierantoni)  from  it.  are  given  in
Cook  (1969)  (also  vide  supra  under  Thalasso-
drilus).  Briefly,  the  presence  of  the  unique  gut
diverticulae found in the eighth or ninth segment
is considered as the positive unifying somatic char-
acter  of  Limnodriloides.  Hrabe  (1971b)  appar-
ently accepted this proposition but, on the basis of
the structure of the intromittent organs, split the
genus  into  two;  he  restricted  Limnodriloides  to

those species possessing pseudopenes (containing
L.  appendiculatus,  L.  agnes,  Hrabe,  1967,  and  L.
winckelmanni  Michaelsen,  1914)  and  established
Bohadschia for the species with true penes (con-
taining  L.  medioporus  Cook,  1969,  B.  maslini-
censis  Hrabe,  1971,  and  B.  pierantonii  Hrabe,
1971).  In  this  paper  three  new  species  are  de-
scribed;  L.  monothecus  and  L.  verrucosus  which
both  possess  pseudopenes  (i.e.  Limnodriloides
sensu Hrabe) and L. barnardi which has complex
intromittent  organs  showing  characteristics  of
both  pseudopenes  and  true  penes  (see  remarks
following  the  description  of  this  species).  Be-
cause of this intermediate type and because L. bar-
nardi appears to be very close to L. winckelmanni,
the  distinction  between  Hrabe's  Limnodriloides
and  Bohadschia  can  no  longer  be  considered
valid,  even  at  the  subgeneric  level,  therefore
Cook"s  (1969)  conception  of  Limnodriloides  is
retained in this account.

Limnodriloides monothecus is  analogous to P.
monospermathecus  (Knollner,  1935)  in  Phallo-
drilus:  in  both  cases  the  possession  of  a  single
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dorsal  spermatheca,  rather  than  paired  ventral
uncs,  is  considered to lie  significant ;ii  ihc species
level  only.  However,  the  organization  of  the
sperm in the spermatheca of /.. monothecus, £tnd
oiher  members  of  the genus,  needs closer  exam-
ination,

In  /,.  appendiculatus,  I.,  agnes,  and  /..  medio-
porus, the sperm is arranged in the spermalheeae
in  oriented  bundles  (llrabe.  1967;  Cook,  1969);
in  L.  winckelmanni  and  L.  barnardi  the  sperm
bundles  arc  more  regular  in  form  than  those  of
the three former species (Michaelsen, 1914; Hrabe,
1967;  vide  infra);  both  Michaelsen  and  Hrabe
(op.  cit.)  refer  to  these  structures  as  spermato-
phores or spermatozeugmata in /.. winckelmanni,
and  Hrabe  (1967)  is  unable  to  decide  whether
the sperm bundles of L. agnes are spermatozeug-
mata or not. Observation of the sperm bundles of
L. medioporus and L. barnardi has shown that the
sperm  tails  tend  to  be  organized  into  parallel
bundles, some of which appear to have coalesced
or  adhered  closely  to  each  other.  The  orientation
of  sperm  is  developed  to  a  higher  degree  in  L.
monothecus;  in  this  species  the  sperm  bundles
are  very  long  and  narrow  with  the  sperm  heads
(darkly  staining  in  haematoxylin)  concentrated  at
one  end  of  the  bundle,  and  the  sperm  tails,
arranged  in  very  loose  spirals,  composing  the
remaining  two-thirds  of  the  bundle  (Fig.  4b).
The  term  "spermatozeugma"  is  used  in  the  Tubi-
ficidae  to  denote  a  sperm  aggregation  in  which
sperm  heads  occur  around  a  central  axis  with
the sperm tails, which are embedded in a cement-
ing  substance,  radiating  from  this  axis  in  a  spiral
manner (Stephenson. 1930: Brinkhurst and Jamie-
son,  1971).  The  sperm bundles  of  Limnodriloides,
including  the  highly  organized  bundles  of  L.
monothecus  cannot  therefore  be  considered  as
spermatozeugmata.

A character which has been added to the generic
diagnosis  of  Limnodriloides  is  the  nature  of  the
body  wall.  This  is  necessary  because  of  the  dis-
covery  of  L.  verrucosus  which,  although  clearly  a
Limnodriloides  (form  of  the  male  genitalia  and
presence of gut diverticulae) has a papillate body
wall  superficially  indistinguishable  from  that  of
many  species  of  Peloscolex  (see  also  remarks
following the description of L. verrucosus) .

KEY  TO  SPECIES  OF  LIMNODRILOIDES

la. One pair long, hollow-ended spermatheca! setae,
each contained in large muscle-coated sac. situ-
ated  on  segment  X.  Atrial  duct  lined,  at  least
in part, with glandular epithelium

b. Modified ipi rm ithi
'■'■ hi ' glandului lining epith

!a. Intromits n
surrounding enda ol spcrn :
than sctal shaft / » m< / elmanm ' I

b. Intromittcnt organ lai ■■■■ pencil (in i
in  voluminous  penial  sacs.  '  I  irroun
ends of spermathecal setae ;■ t>< »u i .i ihii •
shaft  /..  barnardi,  n

3a. Single, elongate, carrot-shaped spermatheca pic
ent. opening mid-dorsally /.. monothecus, n. sp.

b. Spermathecae paired, opening vcntrally oi ventro-
lateral^  4

4a. Body wall papillate, at least in postclitdlai
/.. verrm osus, n. sp.

b. Body wall smooth
Sa.  In  posterior  segments  setae  one  per  bundle.

Atrial duct at least as long as vas deferens
/ . agm ■ Hrabe,

b. In posterior segments setae two per bundle. Atrial
duct  shorter  than  vas  deferens  6

6a. Genital pores contained in median ventral folds
in body wall, appearing externally as elongate
median slits arranged transversely

L. medioporus Cook.
b. Genital pores paired, ventro-lateral

7a. Gut diverticulae in segment VIII
L. appendiculatus Pierantoni.

b. Gut diverticulae in segment IX
8a. In preclitellar segments setae two per bundle.

Vasa deferentia 9 to 13 n wide. Terminal part
of male ducts S-shaped

L. maslinicensis ( Hrabe I.
b. In preclitellar segments setae usually three per

bundle.  Vasa  deferentia  16  u  wide.  Terminal
part of male ducts straight _

L. pierantonii (Hrabe).

Limnodriloides  monothrctis.  new  species

Figure 3

Holotype.—  USNM  45285.  Bahia  de  San  Quintin.
station  SQ  16.  Depth,  less  than  2  m.  in  dark  grey
sandy silt. Collected 23 April 1960.

Paratypes.  — USNM 45286.  Six  individuals,  data
as  for  holotype:  one  individual  from  SQ  3~
(  Depth,  less  than  2  m.  in  grey  silt,  collected  24
April  19601.  NMC 347S.  One individual  from SQ 9
(Depth, less than 2 m. in black sandy silt with small
amounts of clay, collected 22 April 1960).

Etymology. — "mono" = Gr. "one. single": "theca"
= Gr. and L. "case, receptacle": hence "single spern
theca."

Description. — About 46 segments. 9.5 mm
0.12  to  0.23  mm  diameter  anterior''
0.27  mm  at  segment  XI.  0.2?  tapering  to  '.3  mm
posteriorly. Prostomium rounded. -
wide  at  the  peristomium  junction.  Clitellum  very
weakly developed or indiscernable. Dorsal and ven-
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Figure 3. Limnodriloides monothecus, n. sp. A, Longitudinal view of genital segments; B,
Sperm bundle;  C,  Somatic  seta;  D,  Proximal  end  of  spermatheca;  E,  Penis  sac  (resting
position);  F,  Penis  sac  (everted position).  1,  spermathecal  pore;  2,  spermatheca;  3,  vas
deferens; 4, male pore; 5, prostate gland; 6, atrial ampulla; 7, atrial duct; 8, penis rectractor
muscles: 9, penis sac epithelium.

tral setae similar in number, size and shape: setae 3,
sometimes two per  bundle  in  segments  II  to  IX,
absent in X and XI, and two per bundle from seg-
ment  XII  to  terminal  segment;  setae  bifid,  40  to
50 /i long, with upper tooth shorter and thinner than
the lower. No modified genital setae. A single mid-
dorsal spermathecal pore is situated near interseg-
mental  furrow  IX  X.  Male  pores  paired,  ventro-
lateral.

Pharyngeal glands present in segments IV and V.
A pair of diverticulae join the gut in the middle of
segment  IX.  Male  genital  system  (all  structures
paired):  relatively  thick  vas  deferens,  23  to  34  n
diameter, 245 to 300 fi long, joins atrium more or
less apically. Atrium consists of an ovoid ampulla.
90  to  130  /i  long,  35  to  50  /i  diameter,  and  an
elongate, tubular duct 450 to 550 /t long, 13 to 27 p
diameter, which opens to the exterior in an evaginable
sac from the median side: sacs 90 to 105  ̂long, 60
to 77 p. maximum diameter when evaginated. Prostate
gland joins atrium ventrally, near to the ampulla

duct junction. Single median spermatheca elongate,
carrot-shaped, 280 to 400 p long, 55 to 85 /i maxi-
mum diameter, tapering to about 20 /x distally. Sperm
in spermatheca oriented into long narrow bundles
200 to 260 ix long, 6.8 /i maximum diameter, with
the darkly staining sperm heads all occurring at one
end of the bundle.

Remarks.  —  The  single,  mid-dorsal  sperma-
theca found in L. monothecus, though unique in
Limnodriloides,  is  also  known  in  Phallodrilus
monospermathecus.

Limnodriloides  verrucosus,  new  species

Figure 4

Holotype—  USNM  45283.  Bahia  de  San  Quintin,
station SQ 41. Depth, less than 2 m, in gray very
fine sandy silt. Collected 24 April 1960.
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Figure  4.  Limnodriloides  verrucosus,  n.  sp.  A,  Longitudinal  view  of  genital  segments:  B.
Prostomium and first two segments; C, Penis: D. Body wall of posterior segment (x — y =
transverse  axis  of  body):  E.  Somatic  seta.  1,  spermathecal  ampulla:  2.  vas  deferens:  3.
atrial  ampulla;  4,  prostate  gland;  5,  atrial  duct;  6.  circular  muscle  layer  of  atrial  duct;  7,
atrial duct lining epithelium; 8, penis protractor muscle: 9. body wall papilla.

Paratypes. — USNM 45284. One individual from
SQ  39  (in  gray  very  fine  sand;  collected  23  April
1960);  three  individuals  from  SQ  46  (in  gray  silty
very  fine  sand;  collected  24  April  1960);  two  indi-
viduals  from  SQ  49  (in  gray  very  fine  silty  sand;
collected 24 April 1960); two individuals from SQ 58
(in gray silty very fine sand; collected 24 April 1960).
NMC  3476.  One  individual  from  SQ  54  (in  gray
silty  fine  sand:  collected  24  April  1960).  Depths
(all paratypes), less than 2 m.

Etymology. — "verrucosus" = L. "warty."
Description.  —  Up  to  45  segments.  7.5  to  13

mm long. 0.12 to 0.18 mm diameter anteriorly, 0.18
to  0.25  mm  at  segment  XI,  0.17  tapering  to  0.08
mm posteriorly. Prostomium a little shorter than it
is wide at the peristomium junction, with a small, thin-
walled papilla anteriorly. Body wall covered with a
sparse  to  very  dense  layer  of  raised  papillae  and
small foreign particles, usually beginning just behind
the clitellum in mature individuals, but occurring in
anterior segments of immature specimens. Clitellum
confined  to  segments  XI  and  a  small  part  of  XII.

Dorsal and ventral setae similar in number, size and
shape: setae two per bundle in segments II to \ II
and one per bundle from VIII to the terminal seg-
ment; setae absent on segments X and XI l no modi-
fied genital setae): all setae bifid, 40 to 65 m long.
with the upper tooth thinner than, but about as long
as the lower. Male and spermathecal pores paired
in the line of the ventral setae.

Pharyngeal glands in segments IV and V. A pair
of  diverticulae  join  the  gut  ventro-laterally  in  the
middle region of segment IX and extend anteriad to
septum  VIII  IX.  Male  genitalia  (all  structures
paired):  vas  deferens.  7.3  to  10.5  a  diameter  and
about as long as. or slightly shorter than the atrium,
join  latter  apically.  Atrium  thin,  elongate,  with
thickly  stalked  prostate  gland  joining  its  ampull:
ventrally  on  a  raised  papilla.  Atrium  with  a  cyli
drical ampulla about 100 u long. 13." to 35 ti diam-
eter, and a tubular duct 8 to 11.5 a diameter swelling
to about 21 u terminally: total length of atrium about
220  ii.  Long  axis  of  atrium  directed  anteriorly.
Muscles from swollen end of atrial duct join body
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wall,  Eorming ;i  protrusible pseudopenis. Paired
spermathecae with ovoid to elongate ampullae l >7
to 113 it long, 48 to 57 p. wide, and discrete ducts
57  to  73  /i  long,  14  to  19  n  diameter.  Sperm  in
spermathecae in random masses (no trace of oriented
bundles ).

Remarks.  —  The  papillate  body  wall  of  L.
verrucosus  is  unique  in  himnodriloides,  but  is
morphologically  indistinguishable  from  the  con-
dition  found  in  many  Peloscolex  species.  In  the
latter  genus  wide  intraspecific  variation  of  the
nature  of  the  body  wall  is  known:  Dahl  (1960)
found  that  Peloscolex  benedeni  (Udekem)  shed
its  cuticle  and  papillae  at  maturity,  and  Brink-
hurst (1964) states that the freshwater Peloscolex
ferox (Eisen) attains the papillate condition from
a  nonpapillate  juvenile  and  then  periodically,
though not strictly seasonally, sheds its papillae.
A  study  of  197  individuals  of  L.  verrucosus  in
different  states  of  maturity  (Types  and  TJSNM
45292)  has  revealed  the  following  variation  pat-
tern  in  its  body  wall:  papillae  are  developed  on
segments IV or V to the terminal segment, prior
to,  or  immediately  after,  emerging  from  the
cocoon;  the  papillae  grow  with  the  animal  and
may  also  develop  on  the  first  few  anterior  seg-
ments; as the individual reaches sexual maturity
there appears to be a progressive loss of papillae
from  the  anterior  end  until  the  body  wall  is
papillate  only  in  the  postclitellar  region;  after
copulation and cocoon deposition, it appears that
both the genitalia and the papillae regress, or the
latter shed (as in Peloscolex).

The  general  body  form  and  dimensions,  the
papillate body wall, and the number and form of
the  setae  of  L.  verrucosus  are  strikingly  similar
to  those  of  Peloscolex  gabriellae  Marcus,  1950.
The  latter  appears  to  be  a  widespread,  amphi-
american,  marine  species,  or  species  complex,
with  very  wide  ecological  tolerances  (Cook,
1970b),  and  because  its  setal  pattern  is  unique
within Peloscolex, its presence is sometimes diag-
nosed on the basis of immature individuals. How-
ever, unless the gut diverticulum character, which
is  rarely  checked  in  routine  tubificid  identifica-
tions, is examined, immature P. gabriellae and L.
verrucosus can be mistaken for each other.

himnodriloides  barnardi,  new  species

Figure 5

Holotype.—  USNM  48730.  Bahia  de  San  Quintin,
station SQ 16. Depth, less than 2 m. in dark grey
sandy silt. Collected 23 April 1960.

Paratypes.  —  USNM  48731.  Two  individuals.
data  as  for  holotype.  Two individuals  from SQ 8
(in  black  silt;  collected  22  April  I960).  One  indi-
vidual  from each of SQ 19,  22,  30,  37,  46,  51.  85,
91:  two  individuals  from  SQ  15.  NMC  3480.  One
individual from SQ 2. All paratypes collected April
1960 at a depth of less than 2 m.

Additional (non-type) material. — USNM 45291
and 45297.

Etymology.  —  Named  for  J.  Laurens  Barnard
(Smithsonian Institution) who led the expedition to
Bahia de San Quintin.

Description. — About 35 segments. 8 to 10 mm
long. 0.12 to 0.20 mm in diameter anteriorly, 0.25
to 0.30 mm at clitellum, 0.10 to 0.16 mm posteriorly.
Prostomium a little shorter than it is wide at the
peristomium junction, with a small papilla anteriorly.
Clitellum  weakly  developed  on  segments  XI  and
XII.  Dorsal  and  ventral  setae  similar  in  number,
size and shape: somatic setae bifid. 40 to 60  ̂long,
with subequal teeth; in preclitellar region each setal
bundle contains 3, sometimes two or four setae; pos-
teriorly each bundle contains two setae. Each ven-
tral  bundle  of  segment  X  contains  one  slender,
straight or curved, elongate spermathecal seta 110
to 120 /i long, which has a hollow groove from the
node to the distal end; proximal end of spermathecal
setae, on which the setal protractor muscles are in-
serted, are strongly hooked; distal half of sperma-
thecal setae each enclosed in a pear-shaped sac,
65 to 70 fi long, 40 to 48 ix diameter, which consists
of an inner layer of vacuolated cells and an outer
muscle layer, and which connects with the body wall
musculature. Ventral setae absent on segment XI.
Paired male pores open in the line of the ventral
setae on segment XI. Paired spermathecal pores
open in the line of, or slightly lateral to the sperma-
thecal  setae  (out  of  a  total  of  25  individuals  ex-
amined for the character, 18 had spermathecal pores
located anterior to the spermathecal setae, five had
pores posterior to the setae, and two were without
spermathecal setae).

Pharyngeal glands present in segments IV and
V.  Chloragogen  cells  begin  in  segment  VI.  Male
genital system (all structures paired): conical male
funnel situated ventrally on septum X/XI drains into
the vas deferens, 9 to 12 /i diameter, about 180 ^
long, which joins the atrium apically; atrium, whose
long axis is directed anteriorly, consists of an ovoid
to elongate ampulla, 100 to 110 ^ long, 35 to 60 n
diameter, and an elongate duct, 95 to 135 /j. long, 25 to
35 fi diameter, which terminates as the penis; a large,
thickly-stalked prostate gland joins the atrial ampulla
ventrally.  Atrial  ampulla  consists  of  a  thin  outer
muscle layer and an inner layer of thin lining cells.
About the first 90 to 100 m of the atrial duct (ad-
jacent  to  the  ampulla)  is  lined  with  thick,  highly
glandular cells.  The penial complex consists of a
more or less circular infolding of the body wall (the
penial sac) 60 to 70 /j. deep, 45 to 50 /x maximum



1974 PACIFIC  (  0AS1  I  mm  a  in  'i

Figure  5.  Limnodriloides  barnardi,  n.  sp.  A,  Longitudinal  view  of  genital  segments:  B,
Spermathecal seta; C, Somatic seta. 1, sperm bundle; 2, spermathecal ampulla; 3, vacuolated
muscular sac surrounding spermathecal seta; 4, protractor muscles of spermathecal seta;
5,  male  funnel:  6,  vas  deferens;  7,  prostate  gland;  8,  penial  sac;  9,  atrial  ampulla:  10.
glandular part of atrial duct.

diameter, and a truncated-cone-shaped penis, through
which penetrates the terminal part of the atrial duct;
the  latter  opens  on  the  penis  subterminally  and
laterally. Paired spermathecae with discrete ducts
40 to 55 n long, 30 to 35 n maximum diameter, and
elongate ampullae 200 to 220 ^ long, 70 to 120 m
maximum diameter; latter tend to be constricted in
the middle third of their length. Sperm in the sperma-
thecae oriented into long narrow bundles, 95 to 135
ti. long.

Remarks.  —  Morphologically,  L.  barnardi  is
very closely related to L. winckelmanni. Their atria
and atrial ducts with glandular lining cells are, on
available  evidence,  indistinguishable,  and  their
spermathecal  setae  contained  within  vacuolated
sacs  are  unique  in  the  genus;  the  number  and
form  of  their  setae  are  also  similar.  A  com-
parison of the information available on L. winckel-
manni,  which is  apparently  derived from the type
specimens  alone  (Michaelsen,  1914;  Boldt,  1928;
Hrabe.  1967;  1971b)  with  the  description  of  L.
barnardi,  reveals  that  their  intromittent  organs
differ  (vide  infra)  and  that  the  general  dimen-
sions  of  L.  barnardi  are  smaller  than  those  of  L.
winckelmanni  (  maximum  body  length,  clitellum
diameter and setal  length of  the two species are,
respectively,  10  and  IS  mm,  0.3  and  0.6  mm,  60

and  90  p)  .  The  dimensions  are  probably  not  im-
portant  characters as wide intra-specific  variation
in size is  well  known for many common tubificids
and  lumbriculids,  but  the  different  structures  of
their  intromittent  organs  is  more  fundamental.
Hrabe  (1971b)  showed  that  in  L.  winckelmanni
small  pseudopenial  papillae  cover  the  simple
openings  of  the  male  ducts  from  the  side.  In  L.
barnardi, however, a large penial sac contains the
terminal end of each atrial duct which opens sub-
terminally on a truncated cone-shaped penis: em-
ploying  present  definitions  of  the  terms,  it  would
appear  that  the  proximal  part  of  this  organ  can
be termed a true penis while the part distal to the
actual  male  orifice  could  be  considered  as  a
pseudopenis.

ECOLOGICAL  COMMENTS

The  eastern  arm  of  Bahia  de  San  Quintii
ferred  to  hereafter  merely  as  "the  bay")
shallow  body  of  water  of  more  or  less  uni
salinity.  At  high  tide  the  water  depth  over  abi
85 percent of the bay is less than two m: narrow,
steep-sided  channels  (six  to  eight  m  deep)
account  for  the  remaining  15  percent  (Barnard.
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TABLE I. Station data and number of tubificids in each hay sample. A — station number; B — fraction of
sample counted and identified (S indicates subsamples of 30 worms); C — total number of tubificids, including
immature specimens (numbers in brackets are estimated); D — mean particle diameter in /j.; I — Tubifex post-

capillatus; 2 — Thalassodrilus belli; 3 — L. monothecus; 4 — L. verrucosus; 5 — I., barnardi.

B. c. D.

1 7
6
7
7
6
9

30
13
16
38
21
98
26
56
71
32
22
61
49

105
174
36
13

143
19
19
52
33
58
51
31
43
54

242
33

?
53
36
51
79

?
9

63
78

?
46
54
48

103
142
66
55
88

137
98

11

13

13
2

12
13
12

1

5

18

6
26
23

11
17
1
1

10

28
37
4

25
23
28
14

1
2
1

10
13
5

22
17
8
2

17
16
16

16

23

2
4
4
3

16
21

9
21
7
1

II
5

II
2
1

21

16
1
5
7
2

13
4
3

17

15
23
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I  (  X>2  )  and  ill  low  tide  much  "I  the  bay  floor  is
exposed or only sparsely covered by shallow pools.
The  depth  and  salinity  of  the  water,  per  se,  are
not  considered  lo  be  significant  factors  in  con-
trolling  the  distribution  of  the  Tubificidae  in  this
study although the amount of exposure of Ihe habi-
tal ;il low tide, the degree of evaporation, and (he
wider  retention  characteristics  of  the  sediment,
probably  are.  Such  data  are  nol  available,  but
related  sediment  parameters,  the  mean  particle
size  and  soiling  coefficient,  are  known  for  most
of  the  bay  stations.  A  textural  analysis  of  the
bottom sediments demonstrated that a continuous
range of conditions exist in the buy, from eoarse,
well-sorted  sands,  to  poorly-sorted  clays  which
dominate  the  north  end  of  the  bay;  a  complex
mosaic  of  intermediate  sediment  types  occur  in
the  central  regions,  and  sands  predominate  in
the bay's south end (Gorsline and Stewart,  1962).
The  latter  authors  also  showed  that,  in  general,
the organic content of the sediment increased with
decreasing  particle  size,  hence  it  is  probable  that
the  amount  of  food  available  to  oligoehactes  is
inversely  proportional  to  this  parameter.  There-
fore,  the  mean  particle  size  of  the  sediment  is
thought to be a direct or indirect measurement of
some  factors  determining  tubificid  distributions
in  this  study,  and  will  be  considered  in  more
detail below.

The  numbers  of  each  tubificid  species  identi-
fied  from  each  San  Quintin  station  (each  sample
=  0.065  m-)  and  other  relevant  data  are  sum-
marized  in  Table  1;  for  purposes  of  brevity,  and
to facilitate comparisons with other studies, mean
sediment  particle  sizes  are  discussed  in  terms  of
<f> units (<f> = log L > particle diameter in mm, hence
diameters  of4-8  /U .  =  8  <  £,  S  -  16 /x  =  7  <£,  16 -
31  p  =  6  0,  31  -  62  p  =  5  $,  62  -  125  p  =  4  <f>,
125  -  250  p  =  3  cf>)  .  From  this  information,  and
the  locations  of  the  benthic  stations  (Fig.  6)  the
distribution  and  density  of  each  species  can  be
inferred.

Abstracting and comparing pertinent data from
table  1.  it  is  evident  that  the  three  species  of
Limnodriloid.es  bear  a  definite  relationship  to
very  fine  sand  and  silt  (4  to  6  <£  optimum)  in
terms  of  both  their  frequency  of  occurrence  and
population  size.  The  dominant  tubificid,  L.  bar-
nardi,  occurred at  48 stations comprising all  sedi-
ment  classes,  but  was  most  frequently  found  in
4 and 5  <£ sediments  (21  percent  and 40 percent
of  its  stations  respectively);  maximum  population
density  of  L.  barnardi  occurred  in  the  4  to  6  <£
range.  L.  monothecus  occurred  at  21  stations

Figure 6. Locations of benthic sampling stations in
Bahia de San Quintin: redrawn from Barnard. 1962.

of  which  52  percent  had  5  <f>  sediments  and  24
percent  were  4  0.  However,  the  population  den-
sity  of  this  species  was  remarkably  constant  over
its  whole  sediment  range  of  4  to  7  i  (about
280/m  2  ).  Of  the  28  stations  occupied  by  L.
verrucosus,  half  had  sediments  in  the  5  <£  class,
with  the  remainder  distributed  fairly  evenly  over
the whole sediment range of 3 to 8 <$>: however,
the  abundance  of  L.  verrucosus  was  highest  in  5
to  6  <{,  and  8  <f>  substrates  which  may  indicate
that  while  it  is  capable  of  exploiting  the  finest
sediments,  it  is  partially  excluded  from  them
this  situation  by  competition  with  other  deposit
feeders  or  by  the  effects  of  predation.

The  two  remaining  tubificids,  Tu,
capillatus  and  Thalassodrilus  belli,  a
associated  with  the  finest  sediments  which
located  mainly  at  the  north  end  of  the  bay.
Tubifex  belli  was  present  in  only  eight  samples
but  half  of  these  were  in  the  8  6  class  in  which
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the  maximum  abundance  for  this  species  (460
m  2  )  was  also  recorded.  Only  six  stations  were
occupied  by  T.  postcapillatus  but  three  of  these
had  8  </>  sediments.  However,  the  species  was
strikingly more abundant in the 5 and 6 <f> classes
(about  3300  and  1700  worms,  m-  respectively,
compared with about 250 m- in 8 </, sediments);
except  for  the  8  <j>  class,  these  density  figures
were calculated from single samples whose num-
bers were, in turn, derived from subsamples, there-
fore  large  errors  in  them  are  possible.  If  the
figures  do  reflect  real  trends,  however,  it  is
possible that T. postcapillatus has a wide sediment
tolerance  but  is  competitively  restricted  by  T.
belli or other detritivores in fine substrates (hence
its  low  densities)  and  by  Limnodriloides  species
in intermediate sediments; the latter is supported
by the fact that at the 5 and 6 $ sediment stations
where  T.  postcapillatus  was  abundant,  L.  mono-
thecus  was  absent  while  L.  verrucosus  and  L.
bamardi  were  at  relatively  low  densities.

DISCUSSION

That  the  distribution of  freely  burrowing benthic
animals  which  feed  upon  their  surrounding  me-
dium  should  be  determined,  in  part  at  least,  by
sediment  characteristics,  is  hardly  surprising;  at
the extremes, a well-sorted, coarse-sand environ-
ment  could  be  compared to  rocky  ground,  while
fine  silts  and  clays  are  comparable  with  a  rich
and  fertile  loam.  In  Bahia  de  San  Quintin,  avail-
able habitats are restricted to the productive end
of  the  scale  and  hence  discrete  communities  of
oligochaetes, such as those demonstrated in Cape
Cod  Bay,  Massachusetts  (Cook,  1971)  cannot  be
delineated.  However,  even  in  the  comparatively
restricted sediment range of the bay, it is possible
to  recognize  that  1  )  the  finest  silts  and  clay-silt
are  usually  inhabited  by  T.  postcapillatus  and  T.
belli  and 2)  intermediate  silts  and fine-sands are
usually  exploited  by  L.  bamardi,  L.  monothecus,
and  L.  verrucosus.  Although  complicated  by
the  differing  availability  of  organic  matter  in  the
different substrate types, these trends support the
conclusions  of  Biilow  (1957),  Brinkhurst  and
Kennedy  (1962),  Lasserre  (1967),  and  Cook
(1971 ) who all demonstrated that zones of differ-
ing sediments support different oligochaete faunas
in the marine environment; similarly Reish (1963)
found  that  many  polychaetes  in  Bahia  de  San
Quintin  were  associated  with  definite  sediment
types.

West coast marine oligochaetes are very poorly

known;  the  studies  by  Brinkhurst  and  Simmons
(196S)  reporting  on  the  oligochaetes,  mainly
Tubificidae,  of  the  San  Francisco  Bay  system,
Tynen's  (1969)  description  of  some  littoral
Enchytraeidae  from  Vancouver  Island,  and  the
present paper,  summarize existing knowledge of
the  class  in  the  northeastern  Pacific.  Brinkhurst
and Simmons (1968)  found Peloscolex  gabriellae
to be the dominant oligochaete in San Pablo Bay,
and  south  San  Francisco  Bay  where  Peloscolex
apectinatus  and  Peloscolex  nerthoides  also  oc-
curred  in  significant  numbers;  these  authors  did
not relate substrate particle size with species dis-
tributions as it was felt that the study area was uni-
formly available to the constituent species and that
other, chemical or biological, determining factors
dominated. This is undoubtedly true in some situa-
tions,  and  especially  so  in  the  case  of  polluted
waters  (as  in  San  Francisco  Bay).  As  well  as  in-
creasing nutrient concentrations, many sources of
organic pollution can be expected to modify bottom
deposits in the direction of lowering mean particle
size and hence to decrease the diversity of niches
available  to  free-burrowing  benthic  organisms.
Thus  these  results,  and  those  of  authors  who
report definite correlations between sediment and
species  distributions,  are  not  necessarily  con-
tradictory.  For  example,  organic  enrichment  or
increased siltation of Bahia de San Quintin could
be  expected  to  eliminate  some  of  the  tubificids
described  in  this  paper,  and  from  the  data  pre-
sented  here  it  is  possible  that  L.  bamardi  and  L.
monothecus  could  be  the  sensitive  species;  the
modified  distribution  of  the  remaining  three
species  of  Tubificidae  may,  under  these  circum-
stances,  be  very  difficult  to  relate  to  any  sedi-
ment parameter.

Indeed  these  speculations  lead  to  the  con-
clusion  that  failure  to  detect  a  clear  relationship
between  species  distributions  and  physical  sedi-
mentary parameters may, if a diversity of sediment
types are known to exist,  indicate environmental
deterioration.

A  growing  preoccupation  of  aquatic  biologists
is  the  concern  to  detect,  assess  and  monitor
sources  of  environmental  contamination  and
approaches  have  varied  from  a  search  for  indi-
cator species to sophisticated treatments of whole
systems.  The  success  of  any  biological  investiga-
tion,  however,  depends  basically  on  accurate
taxonomy; the point is stressed because this study
has demonstrated that confusion between the two
marine  tubificids  Limnodriloides  verrucosus  and
Peloscolex gabriellae could arise if identifications
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arc  based  on  superficial  characteristics  (papilla
lion  and  selal  pattern).  The  importance  ol  tin,
distinction further lies in the fact thai /'. gabriellae
is  resistanl  to  high  levels  of  organic  pollution
while the tolerance characteristics til /-. verrucosus
are unknown.
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A  NEW  SPECIES  OF  FOSSIL  NUTTALLIA  (MOLLUSCA:  BIVALVIA)  FROM  THE
PLIOCENE  OF  SONOMA  COUNTY,  CALIFORNIA

Barry  Roth  1  and  Raj  Guruswami-Naidu  2

Abstract: Nuttallia jamesi, new species, is described from strata assigned Pliocene age
in the Sebastopol quadrangle, central Sonoma County, California. The species is similar to
N. nuttallii  (Conrad). late Miocene to Recent of California and Baja California, and to N.
olivacea (Jay), Miocene to Recent of Japan, but differs from both in having an acuminate
posterior end. The genus Nuttallia is restricted, in both Recent and fossil occurrence, to the
north  Pacific  basin.  It  represents  a  temperately  adapted  branch  of  the  predominantly
tropical Sanguinolariinae.

Several  years  of  field  work  by  one  of  us  (Guru-
swami-Naidu )  at  an exposure of  soft  sandstone
in central Sonoma County, California, mapped as
Merced  Formation  by  Travis  (1952),  have  re-
sulted  in  a  collection  of  more  than  forty  marine
invertebrate species (mostly mollusks) and numer-
ous bird, fish, and mammal remains. Among the
mollusks  represented  is  a  new  species  of  the
tellinacean  bivalve  genus  Nuttallia,  described
herein.  An  account  of  the  associated  fauna  and
paleoecology  will  appear  in  a  report  now  in
preparation.

FAMILY  PSAMMOBIIDAE  FLEMING,  1828
Subfamily  Sanguinolariinae  Grant  and  Gale,

1931

Genus Nuttallia Dall, 1898

Nuttallia Dall. 1898: 58 [proposed as "section" of
Sanguinolaria Lamarck, 1799]; Dall, 1900; Coan,
1973.

1 Dept. Geology, California Academy of Sciences.
San Francisco, California 94118.

! 638 Hunter Lane, Santa Rosa. California 95404.
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