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PREFACE 

Th is  species p r o f i l e  i s  one o f  a  s e r i e s  on coas ta l  aqua t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commercial, o r  e c o l o g i c a l  importance. The p r o f i l e s  
a r e  designed t o  p rov ide  coas ta l  managers, engineers,  and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive ske tch  o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and envi ronmenta l  
requirements o f  t h e  species and t o  descr ibe  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1  i f e  h i s t o r y ,  eco log i ca l  r o l e ,  environmental 
requi rements,  and economic importance, i f  appl i c a b l e .  A t h r e e - r i n g  b inde r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as t hey  a re  prepared. 
Th is  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U.S. Army Corps o f  Engineers 
and t he  U.S. F i s h  and W i l d l i f e  Serv ice.  

Suggestions o r  quest ions rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t h e  f o l l  owing addresses. 

I n fo rma t i on  T rans fe r  S p e c i a l i s t  
Nat iona l  Wetlands Research Center 
U.S. F i s h  and W i l d l i f e  Serv ice  
NASA-Sl i d e l  1  Computer Complex 
1010 Gause Boulevard 
Sl  i d e l  1  , LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t t e n t i o n :  WESER-C 
Post  O f f i c e  Box 631 
Vicksburg,  MS 39180 



CONVERSION TABLE 

M e t r i c  t o  U.S. Customary 

Mu1 t i p l y  

m i  11 ime te rs  (mm) 
c e n t i m e t e r s  (cm) 
meters  (m) 
meters  (m) 
k i  1 ometers (km) 
k i l o m e t e r s  (km) 

square meters  (m2) 
square k i  1 ometers (km2) 
hec ta res  (ha)  

l i t e r s  ( 1 )  
c u b i c  meters  (m3) 
c u b i c  meters  (m3) 

m i l l i g r a m s  (mg) 
grams (g )  
k i  1 ograms ( kg) 
m e t r i c  t o n s  ( t )  
m e t r i c  t o n s  ( t )  

k i l o c a l o r i e s  ( k c a l )  
Cel s i  us degrees (OC) 

i nches  
i nches  
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l e s  (m i )  
n a u t i c a l  m i l e s  (nmi )  

square f e e t  ( f t 2 )  
square m i l e s  ( m i 2 )  
acres  

g a l  1 ons ( g a l  ) 
c u b i c  f e e t  ( f t 3 )  
a c r e - f e e t  

ounces (oz )  
ounces ( o z )  
pounds ( l b )  
pounds ( l b )  
s h o r t  t ons  ( t o n )  

B r i t i s h  t he rma l  u n i t s  ( B t u )  
F a h r e n h e i t  degrees (OF) 

b To O b t a i n  

0.03937 i nches  
0.3937 i nches  
3 . 2 8 1  f e e t  
0.5468 fathoms 
0.6214 s t a t u t e  m i l e s  
0.5396 n a u t i c a l  m i  l e s  

square f e e t  
square m i l e s  
ac res  

0.2642 g a l  l o n s  
35 .31  c u b i c  f e e t  

0.0008110 a c r e - f e e t  

0.00003527 ounces 
0.03527 ounces 
2.205 pounds 

2205.0 pounds 
1.102 s h o r t  t o n s  

3.968 B r i t i s h  t he rma l  u n i t s  
1.8(OC) + 32 F a h r e n h e i t  degrees 

U.S. Customary t o  M e t r i c  

25 .40 mi 11 ime te rs  
2 .54  c e n t i m e t e r s  
0.3048 meters 
1 .829 meters  
1.609 k i  1 ometers 
1 .852 k i  1 ometers 

0.0929 square meters  
2.590 square k i  1 ometers 
0.4047 h e c t a r e s  

1 i t e r s  
c u b i c  meters  
c u b i c  meters  

28350.0 m i l l i g r a m s  
28.35 grams 

0.4536 k i  1 ograms 
0.00045 m e t r i c  t o n s  
0.9072 m e t r i c  t o n s  

0 .2520 k i  1 oca l  o r i  es 
0.5556 (OF - 32) C e l s i u s  degrees 
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EVERSIBLE PROBOSCIS 

FLESHY PALPS 
ORSAL CIRRUS 

TENTACULAR CIRRI 

VENTRAL CIRRUS 

ANTERIOR VIEW 
(Left parapodium from 

middle of body) 

Figure 1. Sandworm (Nereis v i  rens). 

SANDWORM 

S c i e n t i f i c  name.. .... Nereis (Neanthes) 
v i rens  Sars. 1835 (Fiaure 1) . " 

Pre fer red  common name ........ .Sandworm 
Other common names ........... Clamworm, 

ragworm 
Phylum . . . . . . . . . . . . . . . . . . . . . . . .  Annel ida 
Class ....................... Polychaeta 
Order ..................... Phyl lodocida 
Family ...................... Nereididae 

Geographic range: Found on both  sides 
o f  the  North A t l a n t i c  as f a r  south 
as France o f f  Europe and south t o  
V i r g i n i a  o f f  t he  east  coast  o f  t he  
Uni ted States. F igure  2  shows the  

d i s t r i b u t i o n  o f  t he  sandworm i n  t he  
North A t l a n t i c  reg ion  of t he  Uni ted 
States. Also recorded i n  t h e  no r th  
P a c i f i c  from Alaska t o  c e n t r a l  Cal- 
i f o r n i a ,  i n  the  Ber ing Sea, and o f f  
Japan. Ranges from the  h igh  water 
mark t o  about 150 m. 

MORPHOLOGY/IDENTIFICATION AIDS 

Desc r ip t i on  

B ~ d y  elongate, th ickened a n t e r i o r l y  
and somewhat f l a t t e n e d  p o s t e r i o r l y ,  
w i t h  more than 200 segments. Length 
up t o  900 mm and width greater  than 



M I L E S  

ATLANTIC OCEAN 

F i g u r e  2. D i s t r i b u t i o n  o f  sandworm i n  t h e  No r t h  A t l a n t i c  reg ion .  Heavier  
s t i p p l i n g  i n d i c a t e s  r eg i ons  o f  h i ghe r  abundance. 



40 mm. P r o s t m i  um (head) smal l ,  
pentagonal,  w i t h  a  d i s t a l  p a i r  o f  
sma l l  antennae and two p a i r s  o f  eyes 
i n  a  t r apezo ida l  a r rangeren t  (F i gu re  
1). Head w i t h  a  p a i r  of  s t ou t ,  
f l eshy  pa lps ,  each w i t h  a  smal l ,  
rounded p a l p o s t y l e  d i s t a l  l y .  Eve rs i h l  e  
p robosc is  w i t h  a  p a i r  o f  curved 
b rown ish  o r  b lack  jaws, each w i t h  
5 t o  10 t ee th .  Dark, c o n i c a l ,  
c h i  t i  nous paragnaths ( t e e t h )  embedded 
i n  t he  su r face  o f  t h e  probosc is .  Four 
p a i r s  o f  s l ende r  t e n t a c u l a r  c i r r i ,  
t h e  l onges t  reach ing  as f a r  as 
t h e  n i n t h  seqrient. The f i r s t  segment 
l a c k i n g  setae, tw i ce  t h e  w id th  of any 
f o l  l ow ing  segment. Parapodi a  w i  t h  
dorsa l  and v e n t r a l  lobes ( b i  ramous) 
w i t h  t he  same shape throughout  t h e  
l e n g t h  o f  the  body. Dorsa l  and 
v e n t r a l  c i r r i  d i g i  t i f o n .  Setae from 
t h e  do r sa l  r a n i  (notopodia)  c o n s i s t i n g  
of long,  j o i n t e d  setae (homogomph 
s p i n i g e r s ) .  Setae from t h e  v e n t r a l  
rami  o f  t h e  parapodia (neuropodia)  
c o n s i s t i n g  o f  long,  j o i n t e d  se tae  
(homogomph and heterogomph s p i n i g e r s )  
and j o i n t e d  setae w i t h  sho r t ,  too thed  
b lades  (heteroqomph fa1 c i g e r s )  . 

I d e n t i f i c a t i o n  A ids  

The su r f ace  o f  t h e  s k i n  i s  i r i -  
descent,  r e f l e c t i n g  b r i g h t  hues i n  t h e  
l i g h t .  The body o f  t h e  male i s  a  da r k  
b l u e ,  b l e n d i n g  i n t o  green a t  t h e  base 
o f  t h e  parapodia.  The females a re  a  
d u l l ,  g reen ish  c o l o r .  I n  b o t h  sexes, 
t h e  parapod ia  appear orange t o  b r i g h t  
r e d  due t o  t h e  numerous c a p i l l a r i e s  i n  
these appendages. 

Taxonomic References 

Refer t o  Sars 1835; V e r r i l l  1873, 
1881; Webster and Bened ic t  1884, 1887; 
Fauvel 1923; Treadwel l  1939, 1941; 
Pe t t i bone  1963; Imaj ima 1972. 

REASON FOR INCLUSION I N  SERIES 

The ha rves t i ng  o f  sandworms and 
bloodworms (G lycera  d i b r a n c h i a t a )  i s  a  

m u l t i - m i l l i o n  d o l l a r  i n d u s t r y  i n  Maine 
(Dow and Creaser 1970; Dow 1978; 
Schroeder 1978). Over 1,200 people 
a re  l i c e n s e d  t o  d i g  bai tworms i n  Maine 
(Schroeder 1978). S ince t h e  e a r l y  
19701s ,  t h e  bloodworm p o p u l a t i o n s  i n  
Maine have been d e c l i n i n g ,  l e a d i n g  t o  
inc reased  h a r v e s t i n g  o f  sandworms. 
Never the less ,  t h e r e  seems t o  be no 
ma jo r  concern t h a t  sandworms a r e  be i ng  
overharvested.  Creaser e t  a l .  (1983) 
c a l c u l a t e d  t h e  Maximum Sus ta inab le  
Y i e l d  and Opt imal  Sus ta inab le  Y i e l d  
f o r  Maine popu la t i ons .  B lake  (1979) 
suggested t h a t  b a i  t - d i  ggers a re  n o t  
a l t e r i n g  t h e  p o p u l a t i o n  s t r u c t u r e  o f  a  
h e a v i l y  dug mudf 1  a t .  

L l F E  HISTORY 

Gametogenesis 

L i k e  most po lychae tes ,  t h e  sexes i n  
N. v i r e n s  a r e  separate (Bumpus 1898). - -  
I n  females from Maine popu la t i ons ,  
oocytes beg in  r a p i d  growth i n  October 
o r  November w i t h  oocy te  m a t u r a t i o n  
o c c u r r i n g  i n  t h e  f o l l o w i n g  A p r i l  o r  
May, when t h e  oocy tes '  d iameters  reach 
185-195 pm (Creaser and C l i f f o r d  
1982). The oogenic c y c l e  r e q u i r e s  
12-20 months, depending on when t h e  
oocytes a r e  r e l eased  i n t o  t h e  coelom. 
The oocytes syn thes i ze  t h e i r  own yo1 k  
(F i s che r  and Schmitz 1981). Snow and 
Marsden (1974) r e p o r t e d  a  s i m i l a r  
temporal  p a t t e r n  o f  oogenesis f o r  a  N. 
v i r e n s  p o p u l a t i o n  i n  t h e  Bay o f  Fundy, 
w i t h  ma tu ra t i on  o c c u r r i n g  i n  May. 
B r a f i e l d  and Chapman (1967) r e p o r t e d  
t h a t  oogenesi s  r e q u i r e s  12-14 months 
i n  a  B r i t i s h  p o p u l a t i o n  and t h a t  r i p e  
oocytes appear i n  May. Spermato- 
genesis  f o l l o w s  a  s i m i l a r  ch rono logy  
( B r a f i e l d  and Chapman 1967; Snow and 
Marsden 1974; Creaser and C l i f f o r d  
1982). 

Spawni ng 

Nere is  v i r e n s  i s  a  semelparous -- 
species;  r e p r o d u c t i o n  r e s u l t s  i n  death 
(Bass and B r a f i e l d  1972). Mature 
males become s t r u c t u r a l l y  m o d i f i e d  f o r  



swimming (ep i tokous)  and swarm i n  t h e  
wate r  column d u r i n g  t imes  o f  t h e  new 
moon ( B r a f i e l d  and Chapman 1967; Bass 
and B r a f i e l d  1972; Snow and Marsden 
1974; Creaser and C l i f f o r d  1982). 
Temperatures i n  excess o f  7-8 O C  seem 
t o  be a p r e c o n d i t i o n  f o r  spawning 
(Creaser and C l i f f o r d  1982; Goerke 
1984a; Yokouchi 1985). Premature 
spawning can be induced by i n c r e a s i n g  
temperature i n  t h e  l a b o r a t o r y  (Bass 
and B r a f i e l  d  1972). Swarming o f  males 
i s  known t o  be under hormonal c o n t r o l  
as w e l l  (Marsden 1971, 1978; Marsden 
and J o s t  1975; B e l l  and Marsden 1980). 
Females do n o t  become swimming 
ep i t okes  and do n o t  swarm; f e r t i l i -  
z a t i o n  i s  presumed t o  occur  i n  t h e  
burrows o f  females (Creaser and 
C l  i f f o r d  1982). Fecund i t y  v a r i e s  be- 
tween 50,000 and 1,300,000 eggs, de- 
pending on t h e  s i z e  o f  t h e  female 
(Creaser and C l  i f f o r d  1982). 

La r va l  Development 

Females o f  N. v i r e n s  ex t r ude  
f e r t i l i z e d  eggs n t o  t h e  su r f ace  o f  
t h e  mud (Snow and Marsden 1974). 
Development appa ren t l y  occurs on o r  
near  t h e  sediment su r face .  Snow and 
Marsden (1974) b e l i e v e d  t h a t  
p l a n k t o n i c  embryos o r  l a r v a e  a r e  n o t  
found i n  New Brunswick popu la t i ons ,  
a l t hough  weak spontaneous swimming o f  
1  a rvae  was observed i n  1  abo ra to r y  
c u l t u r e s .  Bass and B r a f i e l  d  (1972) 
r e p o r t e d  t h a t  t rochophore 1 arvae do 
e n t e r  t h e  p l ank ton ,  b u t  never  f o r  more 
t han  15 h. Sveshnikov (1960) and 
Yokouchi (1985) r e p o r t e d  1 arvae w i t h  
f o u r  segments i n  t h e  p lank ton .  
Juven i l es  a r e  b e n t h i c  12 days a f t e r  
f e r t i l i z a t i o n  and c raw l  i n t o  t h e  
i n t e r t i d a l  zone a f t e r  16 weeks (Bass 
and B r a f i e l d  1972). 

Popu la t i on  S t r u c t u r e  

The demography o f  t h e  sandworm i s  
c o n t r o v e r s i a l .  B r a f i e l  d  and Chapman 
(1967) concluded f rom t h e i r  s i ze -  
f requency da ta  t h a t  sandworms mature 
i n  2  o r ,  o c c a s i o n a l l y ,  3  years .  Snow 
and Marsden (1974) c la imed t h a t  Bay o f  

Fundy worms do n o t  mature u n t i l  5  o r  6  
years  o f  age. They re-analyzed t h e  
da ta  o f  B r a f i e l d  and Chapman (1967) 
and c la imed t h a t  B r i t i s h  worms mature 
a f t e r  6  o r  7  years .  Creaser and 
C1 i f f o r d  (1982) r e p o r t e d  5 d i s t i n c t  
modes i n  a  Maine p o p u l a t i o n  which 
p robab ly  correspond t o  year -c lasses .  
Worms i n  a  Norwegian p o p u l a t i o n  repro -  
duce a f t e r  3  years  (K r i s t ensen  1984a). 
As w i t h  a l l  o t h e r  popu la t i ons ,  rep ro -  
d u c t i o n  r e s u l t s  i n  death. 

ECOLOGICAL ROLE 

Feedi ng 

Sandworms feed by ex tend ing  a por -  
t i o n  o f  t h e i r  bodies f rom an opening 
o f  t h e i r  mucus-1 i ned  burrows. The 
burrows c o n s i s t  o f  a  s e r i e s  o f  i n t e r -  
connected U-shaped sec t i ons ,  g e n e r a l l y  
i n  t h e  upper 10 cm o f  mud f l a t s  (Reise 
1981). Disagreements over  t h e  t r o p h i c  
s t a t u s  o f  sandworms span a cen tu ry .  
Ne re i s  v i r e n s  was regarded as a preda- -- 
t o r  by V e r r i l l  (1873) and Maxwell 
(1897), and as an omnivore by T u r n b u l l  
(1876). Gross (1921) concluded t h a t  
sandworms a re  herb ivo rous  and t h a t  
t h e y  l o c a t e  t h e i r  food  by chance en- 
coun te r .  H i s  conc l us i on  was cha l -  
lenged by Copeland and Wieman (1924) 
who showed t h a t  sandworms cap tu red  and 
a t e  an imals  i n  t h e  l a b o r a t o r y ;  sand- 
worms a l s o  demonstrated a w e l l -  
developed chemorecept ive sense (see 
a l s o  Re tz ius  1895; Hamaker 1898; Case 
1962). The thorough work by Goerke 
(1971a, b) showed t h a t  sandworms f e d  
on b o t h  p l a n t  and animal m a t e r i a l  and 
t h a t  t hey  should be cons idered  omni- 
vores. Recent f i e 1  d exper iments  have 
shown t h a t  sandworms feed on amphipods 
and po lychae tes  (Commito 1982; Ambrose 
1984a, b; Commi t o  and Schrader 1985). 

Nere is  v i r e n s  feeds by c a p t u r i n g  a -- 
food i t e m  w i t h  i t s  e v e r s i b l e  ~ r o b o s c i s  
which i s  armed w i t h  two jaws. The 
jaws, e s p e c i a l l y  t h e  d i s t a l  b i t i n g  
p o r t i o n s ,  a r e  hardened w i t h  z i n c ,  
which accounts f o r  up t o  2.4% o f  t h e  
t o t a l  jaw we igh t  (Bryan and Gibbs 



1979, 1980). The jaws a re  power fu l  700 t imes  t h a t  o f  t h e  i n c u b a t i o n  
enough t o  c rush  smal l  b i v a l v e s  (Lewis medium (Bass e t  a l .  1969). 
and Whitney 1968). Food i tems a re  
passed i n t i  t h e  -esophagus, where a  
t r y p s i n - 1  i k e  p r o t e o l y t i c  enzyme i s  
produced (Michel  and DeVi 1  l e z  1979), 
as w e l l  as o t h e r  enzymes (Kay 1974). 
Lewis and Whitney (1968) have iden-  
t i f i e d  a  c e l l u l a s e  which i s  induced by 
t h e  presence o f  a lgae  i n  t h e  gu t .  
Michel  and DeVi 11 ez (1980) descr ibed  
s t r i a t e d  sp ines i n  t h e  esophagus which 
appa ren t l y  t r i t u r a t e  food i tems.  

Several  workers have es t imated  
a s s i m i l a t i o n  e f f i c i e n c y  and p r o d u c t i o n  
o f  sandworms. Kay and B r a f i e l d  (1973) 
c a l c u l a t e d  an a s s i m i l a t i o n  e f f i c i e n c y  
o f  85.2% and annual p r o d u c t i o n  o f  8 .4  
g  ash- f ree  d r y  weight/m2. K r i s t ensen  
(1984a) c a l c u l a t e d  t h e  annual p ro -  
d u c t i o n  o f  a  Norwegian p o p u l a t i o n  as 
23.7 g  ash- f ree  d r y  weight/m2. 
Neuhof f  (1979) demonstrated t h a t  
Ne re i s  v i r e n s  has f a s t e r  g rowth  and -- 
h i g h e r  e f f i c i e n c y  t han  two congeners, 
N . -  d i v e r s i ~ o l o ~  and N. succinea; - 
Sandworm qrowth  and e f f i c i e n c y  i s  
g r e a t e r  whgn worms a re  f e d  clam t i s s u e  
than  when f e d  o y s t e r  b i odepos i t s  
( feces  and pseudofeces) (Tenore and 
Gopalan 1974; Tenore e t  a l .  1978). 

Sandworms a re  a1 so capable o f  t a k i n g  
up d i s so l ved  o rgan i c  mat te r .  Com- 
pounds shown t o  be absorbed i n c l u d e  
g l u t am ic  a c i d  and a s p a r t i c  ac i ds  
(Chapman and T a y l o r  1968; T a y l o r  1969; 
Jorgensen and K r i s t ensen  1980a, b )  , 
l e u c i n e  (Bass e t  a l .  1969), g l y c i n e  
(Jorgensen 1980), v a l i n e  (Jorgensen 
1979), and a l a n i n e  and guanine (Jo r -  
gensen and K r i s t ensen  1980a, b). A l l  
o f  these  s t ud i es  demonstrate t h a t  n e t  
i n f l u x  occurs when worms a re  exposed 
t o  n a t u r a l  concen t ra t i ons  o f  f r e e  
amino ac i ds  ( v a r y i n g  f rom 40 t o  2 ,011 
nmol). Jorgensen and Ch r i s t i ansen  
(1980a) showed t h a t  sandworms can 
o b t a i n  t h e i r  t o t a l  r e s p i r a t o r y  energy 
requi rements by abso rp t i on  o f  i n t e r -  
s t i t i a l  amino ac ids .  The l a r v a e  can 
t a k e  up t o  200 t imes  t h e  amount o f  
l e u c i n e  t h a t  a d u l t  worms t a k e  up, 
y i e l d i n g  f i n a l  t i s s u e  concen t ra t i ons  

Predator-Prey R e l a t i o n s  

P reda t i on  by sandworms can have s i g -  
n i f i c a n t  e f f e c t s  i n  mar ine s o f t -  
sediment communit ies.  Ne re i s  v i  rens 
has been shown t o  reduce s i g n i f i -  
c a n t l y  t h e  abundance o f  t h e  amphipod 
Corophium v o l  u t a t o r ,  p e r m i t t i n g  asso- 
c i a t e d  i n f auna  t o  i n c rease  i n  abun- 
dance (Commito 1982; Ambrose 1984a, 
b) .  Commito and Schrader (1985) 
suggested t h a t  N. v i r e n s  consumes t h e  
p reda to r y  po lychae te  Nephtys i n c i s a  
when C. v o l u t a t o r  i s  n o t  present .  

Sandworms a re  p o t e n t i a l  p r e y  i n  
mar ine food  webs. A  number o f  g u l l  
and t e r n  spec ies t ake  spent  sandworms 
(Spaans 1971; Shk l ya rev i ch  1979). 
Ambrose (1986) showed t h a t  g u l l s  may 
t a k e  l a r g e ,  nonreproduc t i ve  i n d i v i -  
dua ls .  Can t i n  e t  a l .  (1974) showed 
t h a t  16%-40% o f  t h e  d i e t  o f  Common 
E ide r s ,  Somater ia m o l l  i ss ima,  i n  l a t e  
May and mid -Ju ly  i s  composed o f  N. 
v i r ens .  S i g n i f i c a n t  numbers o f  s a d -  
worms a r e  p reyed  upon by t h e  ~ o l y -  . - 
chaete G lycera  d i b r a n c h i a t a  ( ~ m b r & e  
1984a, b). 

Biogeochemical  E f f e c t s  

The exchange o f  so l u t es ,  such as 
n i t r a t e ,  between t h e  sediment and t h e  
o v e r l y i n g  wa te r  i s  s t r o n g l y  a f f e c t e d  
by burrow-dwel 1  i na i nfauna 1  i ke 
 erei is v i r e n s  ( G i s t e n s e n  1984b, -- 
1985: K r i s t ensen  e t  a l .  1985). The 
burrows o f  N. v i r e n s  have bee'n shown 
t o  inc rease- the  f l u x  o f  ammonia i n t o  
t h e  wate r  column and t o  be r espons ib l e  
f o r  35% o f  t h e  n i t r i f i c a t i o n  and 38% 
o f  t h e  d e n i t r i f i c a t i o n  i n  an e s t u a r i n e  
h a b i t a t  (Henr i  ksen e t  a l .  1980). 
N i t r i f i c a t i o n  r a t e s  a r e  h i g h e r  i n  t h e  
burrow w a l l s  than  on t h e  sediment 
su r f ace  (K r i s t ensen  1984b, 1985; 
K r i s t ensen  e t  a l .  1985). I r r i g a t i o n  
o f  burrows f o r  r e s p i r a t i o n  causes an 
inc rease  i n  t h e  uptake o f  g l y c i n e  by 
t h e  b a c t e r i a  l i v i n g  i n  t h e  burrows 
(Jorgensen e t  a l .  1980). V e n t i l a t i o n  



o f  t h e  burrow c rea tes  a  h a l o  o f  
o x i d i z e d  sediment a long  t h e  l e n g t h  
o f  t h e  burrow. I t  i s  n o t  s u r p r i s i n g  
t h a t  smal l  zoobenthos aggregate i n  
t h e  o x i d i z e d  reg ions  o u t s i d e  o f  sand- 
worm burrows; nematode and gnathosto-  
m u l i d  abundances were inc reased  by 
94% and 200%, r e s p e c t i v e l y ,  i n  t h e  
p r o x i m i t y  o f  N. v i r e n s  burrows (Reise 
1981). 

ENVIRONMENTAL REQUIREMENTS 

Substratum 

Nere is  v i r e n s  has been r e p o r t e d  f rom -- 
a range o f  sediment t ypes ,  v a r y i n g  
f rom sandy muds t o  f i n e  sands ( P e t t i -  
bone 1963; Bass and B r a f i e l d  1972; 
Snow and Marsden 1974; Reise 1981). 
Muddier sediments seem t o  be p re -  
f e r r e d .  H ighes t  d e n s i t i e s ,  up t o  
700/m2, a re  found i n  t h e  lower  por -  
t i o n s  o f  t h e  i n t e r t i d a l  zone (Bass 
and B r a f i e l  d  1972; Rasmussen 1973; 
Snow and Marsden 1974). The migra-  
t i o n  o f  nonreproduc t i ve  a d u l t s  i n  t h e  
wa te r  column i n  t h e  w i n t e r  (Dean 1978) 
may be a  mechanism t o  a1 low sandworms 
t o  f i n d  more s u i t a b l e  b e n t h i c  hab i -  
t a t s .  

Sal i n i  t y  

Nere i  s  v i  rens  i s  euryha l  i ne (Say1 es -- 
1935; Jorgensen and Dales 1957; 
Richards 1969; Walmsby 1970; Appy e t  
a1 . 1980),  t o l e r a t i n g  sa l  i n i  t i e s  as 
low as 0 .5  p p t  (Larsen and Doqqet t  
1978). -- ~ e r e i ' s '  v i  rens i s  i n t e r m e i i a t e  
i n  i t s  a b i l  i t ~  t o  t o l e r a t e  low and 
h i g h  s a l i n i t y  ;tress r e l a t i v e  t o  t h r e e  
conaener ic  s ~ e c i e s :  N. d i v e r s i c o l o r .  - 
N. >ucc inea, '  and N. p e l a g i c a  ( ~ h e e d i  - - 
e t  a l .  1973). Reduced s a l i n i t i e s  
cause an i nc rease  i n  ammonia e x c r e t i o n  
(Haber f  i e l  d  1977) and t achyca rd i a  
(deFur and Mangum 1979). 

D i sso l ved  Oxygen 

Nere i  s  v i  rens  has b l ood  c o n t a i n i n g  a  -- 
hemoglobin used f o r  oxygen t r a n s p o r t  
r a t h e r  t han  s to rage  (Economides and 

Wel l s  1975). Decreased oxygen t e n s i o n  
r e s u l t s  i n  increased v e n t i  1  a t o r y  
pumping o f  t h e  burrow t o  i n c rease  
oxygen t r a n s p o r t  t o  nonvascu la r i zed  
t i s s u e s  ( L i n d r o t h  1938; deFur and 
Mangum 1979). Hyman (1932) noted t h a t  
oxygen i n t a k e  i s  independent o f  su r -  
round ing  t e n s i o n  w i t h i n  moderate 
ranges o f  t ens i on .  The v e n t i l a t i o n  
amp1 i tude inc reases  w i t h  i ncreas i  ng 
temperature ( K r i  stensen 1981, 1983a, 
b ,  c).  

When sandworms a r e  exposed a t  l ow 
t i d e  and oxygen t ens i ons  d e c l i n e ,  an 
anaerobic  pathway i s  u t i l i z e d  ( S c o t t  
1976; S c o t t  e t  a l .  1976). The worms 
produce l a r g e  amounts o f  d - l a c t a t e  and 
l a t e r  pay an oxygen debt .  Under l o n g  
p e r i o d s  o f  anaerob ios is ,  sandworms 
s w i t c h  t o  g lycogen degrada t ion  which 
r e s u l t s  i n  t h e  p roduc t i on  o f  succ i na te  
and v o l a t i l e  f a t t y  ac i ds  ( S c h o t t l e r  
1979). 

Temperature 

K r i s t ensen  (1983b) s t a t e s  t h a t  
op t ima l  temperatures a re  between 11 O C  

and 20 O C ,  a l though  sandworms can 
t o l e r a t e  temperatures as h i g h  as 37.5 
O C  i n  t h e  l a b o r a t o r y .  Richards (1969) 
c la imed t h a t  sandworms a re  h i g h l y  
t o 1  e r a n t  o f  changes i n  temperature. 

A d a p t a b i l i t y  t o  Labora to ry  Cond i t ions  

Nere is  v i r e n s  i s  a  p o t e n t i a l l y  -- 
valuab le  research  organism because i t  
can be ma in ta ined  i n  heal  t h y  c u l t u r e  
i n  t h e  l a b o r a t o r y  (Goerke 1979, 1984b; 
K r i s t ensen  1 9 8 3 ~ ) .  I t s  adaptabi  1  i t y  
t o  t h e  l a b o r a t o r y  l e d  t o  i t s  use i n  
some o f  t h e  f i r s t  s t u d i e s  on con- 
d i  t i o n e d  response and h a b i t u a t i o n  i n  
i n v e r t e b r a t e s  (Copeland 1930, 1934; 
C l a r k  1960; Evans 1963a, b, 1966). A  
word o f  c a u t i o n  i s  i n  o rde r  f o r  any 
who use sandworms as b ioassay orga- 
n i  sms: sandworms ma in ta ined  i n  sea- 
water  w i t h o u t  sediment,  where t h e  
worms cannot  form burrows, may show 
abnormal metabol ism (Pamatmat 1982). 



Tox ico logy  s i l v e r  on r e s p i r a t i o n  and osmot ic  
balance. 

Sandworms have been t h e  focus o f  
many s t u d i e s  on t h e  b i o a v a i l a b i l  i t y  o f  
heavy meta ls  and o rgan i c  p o l  1  u t an t s .  
A s i g n i f i c a n t  f r a c t i o n  (30%-40%) o f  
t h e  t o t a l  body burden o f  z i n c  i s  
always found i n  t h e  jaws (Bryan and 
Gibbs 1979, 1980), so concen t ra t i ons  
o f  z i n c  i n  sandworms do n o t  c l o s e l y  
f o l l o w  env i ronmenta l  concen t ra t i ons ,  
and sandworms a re  poor  i n d i c a t o r s  o f  
z i n c  contaminat ion.  The jaws c o n t r i -  
bu te  l e s s  than  1% o f  t h e  t o t a l  body 
burden o f  s i l v e r ,  cadmium, copper,  
i r o n ,  and lead .  Cadmium uptake i n -  
creases w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  
i n  t h e  env i ronment ;  uptake,  p r i m a r i l y  
f rom i n t e r s t i t i a l  wa te r ,  i s  g r e a t e r  i n  
smal l  worms (Ray e t  a l .  1980). Rice 
and Chien (1977) suggested t h a t  t h e r e  
may be a  cadmium d e t o x i f i c a t i o n  
mechanism i n  t h e  coelomic f l u i d ;  body 
concen t ra t i ons  may be 1,000 t imes  t h e  
seawater concen t ra t i on .  B iochemica l  
s t r e s s  i n d i c e s  have been determined 
f o r  s u b l e t h a l  cadmium dosages (Car r  
and N e f f  1982). Ray e t  a l .  (1981) 
i n d i c a t e d  t h a t  t h e  body burden o f  
copper and z i n c  d i d  n o t  va r y  between 
c l ean  and contaminated environments 
b u t  s i g n i f i c a n t l y  g r e a t e r  body 
burdens o f  l e a d  and cadmium were 
found i n  worms f rom contaminated 
s i t e s .  P e r e i r a  and Kanungo (1981) 
demonstrated s i g n i f i c a n t  e f f e c t s  o f  

Among o rgan i c  contaminants ,  E i s l e r  
e t  a l .  (1972) determined t h a t  n i t r i l o -  
a c e t i c  a c i d  (NTA) a t  a  c o n c e n t r a t i o n  
o f  5,500 mg/l r e s u l t e d  i n  50% m o r t a l -  
i t y  o f  sandworms. Sandworms a r e  
i n t e rmed ia te  i n  t o l e r a n c e  t o  NTA com- 
pared t o  many o t h e r  mar ine spec ies 
( E i s l e r  e t  a l .  1972). Sandworms have 
been shown t o  accumulate and meta- 
b o l i z e  PCB's, w'ith smal l  worms accumu- 
l a t i n g  10.8 t imes  t h e  env i ronmenta l  
c o n c e n t r a t i o n  o f  0.04-0.58 ppm and 
a d u l t s  3 .8  t imes  (E rns t  e t  a l .  1977; 
Goerke and E r n s t  1977; Goerke 1979; 
McLeese e t  a l .  1981). E x c r e t i o n  o f  
PCB's can be descr ibed  by an exponen- 
t i a l  f u n c t i o n  which v a r i e s  w i t h  tem- 
pe ra tu re ;  t h e  maximum r a t e  o f  e l i m i n a -  
t i o n  occurs a t  12  O C  (Goerke 1 9 8 4 ~ ) .  
B iochemica l  s t r e s s  i n d i c e s  have been 
measured i n  response t o  pen tach lo ro -  
phenol (Car r  and N e f f  1981) and t o  
r e f i n e d  o i l  p roduc ts  (Carr  and N e f f  
1984). McElroy (1985) showed t h a t  a  
p o l y c y c l i c  a romat i c  hydrocarbon (PAH) 
was metabol i z e d  by Ne re i s  v i r e n s .  
Sandworms accumulate and metabo l i ze  
t h e  i n s e c t i c i d e  Lindane, reach ing  
e q u i l i b r i u m  i n  10-14 days (Goerke and 
E r n s t  1980). Sandworms a r e  much more 
t o l e r a n t  o f  o rganoch lo r i ne  p e s t i c i d e s  
than  t h e  shr imp Crangon septemspinosa 
(McLeese e t  a l .  1982; Haya e t  a l .  
1984). 
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F igu re  3. Bloodworm (Glycera d ibvanch ia ta ) .  

B  LOODWORM 

NOMENCLATURE/TAXONOMY/RANGE MORPHOLOGY/IDENTIFICATION AIDS 

S c i e n t i f i c  name ................ Glycera  
d i b r a n c h i a t a  Eh le r s ,  1868 (F i gu re  3) 

P r e f e r r e d  common name ........ Bloodworm 
Other  common names . ........ ..Beakworm, 

beak- th rower  
Phylum ........................ Anne l ida  
Class ....................... Polychaeta 
Order ..................... Phy l lodoc ida  
Fami ly  . . . . . . . . . . . . . . . . . . . . . .  Glycer idae  

Geographic range: Found f rom low wa- 
t e r  o u t  t o  about 400 m a long  t h e  
A t l a n t i c  coas t  f rom the  G u l f  o f  St.  
Lawrence t o  F l o r i d a .  A1 so recorded 
i n  t h e  G u l f  o f  Mexico, and i n  t h e  
eas te rn  P a c i f i c  f rom c e n t r a l  C a l i -  
f o r n i a  t o  Mazat lan, Mexico. F i gu re  4  
g i ves  t he  d i s t r i b u t i o n  o f  t h i s  spe- 
c i e s  i n  t h e  Nor th  A t l a n t i c  reg ion.  

D e s c r i p t i o n  

Body e longate,  robus t ,  hav ing  up t o  
300 segments. Largest  i n d i v i d u a l s  
exceed 370 mm i n  l e n g t h  and 11 mm i n  
width.  Prostomium (head) c o n i c a l ,  
w i t h  14-15 annu la t i ons  and two d i s t a l  
p a i r s  o f  antennae (F i gu re  3).  I n d i s -  
t i n c t  eyes on t h e  basal annu la t i on  o f  
t h e  head, o r  eyes absent. E v e r s i b l e  
p robosc is  w i t h  f o u r  dark,  curved, 
ho l l ow  te rmina l  jawpieces. Proboscis  
covered w i t h  smal l ,  con ica l  p robosc i -  
dean organs. Parapodia w i t h  dorsa l  
and v e n t r a l  lobes (b i ramous) ,  bear ing  
s h o r t  dorsa l  c i r r i  and more e longa te  
v e n t r a l  c i r r i .  Paired, n o n r e t r a c t i l e  
g i l l s  o r  branchiae beg inn ing  on 
segments 15-20 and c o n t i n u i n g  t o  near 
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F i g u r e  4. D i s t r i b u t i o n  o f  bloodworm i n  t h e  No r t h  A t l a n t i c  r eg i on .  Heavier  
s t i p p l i n g  i n d i c a t e s  r eg i ons  o f  h i g h e r  abundance. 
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t h e  p o s t e r i o r  o f  t h e  body; g i l l s  
e l onga te  o r  i n f l a t e d ,  exceeding t h e  
l e n g t h  o f  t h e  parapodia ( F i g u r e  3) .  
Dorsa l  l obe  o f  parapodia (no topod ia )  
w i t h  s imple,  elongated, f i n e l y  
s e r r a t e d  setae. Ven t ra l  l obe  (neuro- 
pod ia )  w i t h  s imp le  and j o i n t e d  
e longated,  f i n e l y  s e r r a t e d  setae.  

I d e n t i f i c a t i o n  Aids 

The animals  a re  b r i g h t  p i nk .  The 
spec ies i s  c h a r a c t e r i z e d  by t h e  p a i r  
o f  en la rged  g i l l s  above and below each 
o f  t h e  m idd le  parapodia.  G lycera  
d i b r a n c h i a t a  can be d i s t i n g u i s h e d  f rom 
t h e  s i m i l a r  G. americana i n  t h a t  t h e  
l a t t e r  has r e t r a c t i l e ,  b u s h - l i  ke g i l l s  
above t h e  parapodia.  

Taxonomic References 

Refe r  t o  Eh le r s  1868; V e r r i l l  1881; 
Webster and Bened ic t  1884; Arwidsson 
1898; Hartman 1940; Pe t t i bone  1963. 

REASON FOR INCLUSION I N  SERIES 

Baitworms (bloodworms and sandworms) 
a r e  an impo r t an t  f i s h e r y  i n  t h e  
Nor theas te rn  Un i t ed  S ta tes  and Nova 
S c o t i a  (MacPhail 1954; Klawe and 
D i c k i e  1957; Dow and Creaser 1970; 
Schroeder 1978). Baitworms fo rm t h e  
f o u r t h  l a r g e s t  f i s h e r y  i n  Maine, 
t r a i l i n g  o n l y  l o b s t e r s ,  clams, and 
t o t a l  f i n f i s h .  I n  t h e  p a s t  30 years ,  
p r o f e s s i o n a l  b a i t - d i g g e r s  have removed 
n e a r l y  one b i l l i o n  bloodworms (Dow 
1978). Over 90% o f  t h e  bloodworms i n  
t h e  Un i t ed  S ta tes  come f rom Maine w i t h  
t h e  remainder f rom Nova S c o t i a  (7%) 
and Massachusetts (2%). Recent e v i -  
dence, based on sampl ing o f  t h e  worm 
s i z e s  o f  commercial l and ings ,  i n d i -  
ca tes  t h a t  2-year  o l d  worms, r a t h e r  
t han  t h e  l a r g e r  3-year o l d  worms, a r e  
p r e s e n t l y  be i ng  harvested,  sugges t ing  
t h a t  t h e  popu la t i ons  a re  b e i n g  over-  
ha rves ted  (Dow 1978; b u t  see Schroeder 
[ I 9781  f o r  an a1 t e r n a t i v e  i n t e r p r e t a -  
t i o n  o f  t h e  da ta ) .  Overharves t ing  o f  
mud f l a t s  i n  two Maine coun t i es  has 

e l  i m i  nated b l  oodworms (Arfonymous 
1979). Genet ic  evidence a1 so i n d i -  
ca tes  t h a t  some popu la t i ons  a re  be i ng  
overharvested (Vadas and B r i s t o w  
1985). Dow (1978) b e l i e v e s  t h e  o n l y  
long- te rm s o l u t i o n  t o  m a i n t a i n i n g  
s u f f i c i e n t  s t and ing  s t ock  t o  suppor t  
p resen t  i n t e n s i t i e s  o f  h a r v e s t i n g  i s  
t o  c u l t u r e  worms under c o n t r o l l e d  
env i ronmenta l  c o n d i t i o n s .  Creaser e t  
a l .  (1983) p resen ted  models f o r  t h e  
determi  n a t i o n  o f  Maximum Sus ta i  nab1 e  
Y i e l d  and Opt imal  Sus ta i nab le  Y ie l d .  
The i m p o s i t i o n  o f  s i z e - l i m i t s  has been 
suggested ( S a f t  1978). Confounding 
a t tempts  a t  managing s tocks  i s  an 
i nve r se  c o r r e l a t i o n  between b l  oodworm 
p r o d u c t i o n  and mean annual tempera- 
t u r e ;  t h i s  r e l a t i o n s h i p  may e x p l a i n  
some o f  t h e  tempora l  va r iance  i n  
bloodworm d e n s i t i e s  (Dow 1978). 

LIFE HISTORY 

Gametogenesis 

Separate sexes a r e  found i n  b lood-  
worms. Gametogenesis occurs i n  t h e  
und i v i ded  body c a v i t y  (coelom) and 
r e q u i r e s  about  1 yea r  (Simpson 1962a, 
b).  Oocytes a re  r e l eased  i n t o  t h e  
coelom when t hey  a re  about  2 1  pm i n  
d iameter .  Mature oocytes a r e  151-160 
pm i n  d iameter .  

Spawning 

Popu la t ions  i n  Maine and south- 
western Nova S c o t i a  reproduce f rom 
mid-May u n t i l  e a r l y  June (Klawe and 
D i  c k i  e  1957 ; Creaser 1973). Popul a- 
t i o n s  f rom Mary land reproduce i n  t h e  
f a l l  and p o s s i b l y  i n  l a t e  s p r i n g  
(Simpson 1962b). S h o r t l y  b e f o r e  r e -  
p roduc t i on ,  bloodworms undergo r a d i c a l  
morpho log ica l  changes. T h e i r  a1 i- 
mentary t r a c t  and musculature at rophy.  
T h e i r  pa rapod ia  and se tae  e longa te .  
These sexual forms (ep i t okes )  swarm i n  
sha l low wate r  over  a  p e r i o d  o f  1 t o  3  
days a t  h i g h  t i d e  i n  t h e  a f t e rnoon  
(Simpson 1962a, 1973). Males e m i t  
sperm whi 1  e  swimming. Females 
r u p t u r e ,  r e l e a s i n g  up t o  10 m i l l i o n  



eggs pe r  i n d i v i d u a l  (Creaser 1973). 
Both males and females d i e  a f t e r  
spawning. 

La r va l  Development 

The e a r l y  development o f  G lycera  
d i b r a n c h i a t a  appa ren t l y  occurs on t h e  
sediment sur face (Simpson 1962b). 
Development proceeds t o  swimming 
s tages i n  14-20 h  a f t e r  f e r t i l i z a t i o n ,  
g i v i n g  r i s e  t o  unspec ia l  i zed ,  
p l a n k t o t r o p h i c  1  arvae (Simpson 1962a). 
The l a r v a e  a re  n o t  found i n  p l ank ton  
tows, sugges t ing  t h a t  t h e i r  p l a n k t o n i c  
l i f e  i s  s h o r t  o r  t h a t  t hey  a r e  
demersal ( l i v i n g  j u s t  above t h e  
bottom). 

Popu la t i on  S t r u c t u r e  

Klawe and D i c k i e  (1957) and Creaser 
(1973) found t h a t  ~ l y c e r a -  d i b r a n c h i a t a  
has a  maximum l i f e  sDan o f  5  vears.  
The most r a p i d  growth occurs d u r i n g  
t h e  second and t h i r d  years .  Most 
bloodworms reproduce and d i e  a t  3  
yea rs  o f  age a l though  some postpone 
rep roduc t i on  u n t i l  t h e  f o u r t h  o r  f i f t h  
yea r .  

ECOLOGICAL ROLE 

Feedi ng 

There has been much debate about  
whether b l  oodworms a re  deposi t - f e e d e r s  
o r  p reda to r s .  Sanders e t  a l .  (1962) 
suggested t h a t  G lycera  d i b r a n c h i a t a  i s  
a  depos i t - f eede r ,  based on g u t  con- 
t e n t s .  Frankenberg and Smith (1967) 
and Adams and Angelov ic  (1970) demon- 
s t r a t e d  s i g n i f i c a n t  u t i l i z a t i o n  o f  
dead o rgan ic  ma t t e r  by bloodworms i n  
t h e  l a b o r a t o r y .  Such f i n d i n g s  a r e  
p u z z l i n g  i n  l i g h t  o f  t h e  f o rm idab le  
f eed ing  apparatus o f  G. d i b ranch ia ta .  
These worms possess a n  e v e r s i b l e  p ro -  
bosc i s  which con ta i ns  f o u r  t e rm ina l  
jaws (We l l s  1937). The jaws a re  
s t rengthened,  p a r t i c u l a r l y  d i s t a l  l y ,  
by accumulat ion o f  copper;  13% o f  t h e  
d i s t a l  t i p  i s  composed o f  copper 
(Gibbs and Bryan 1980). Each jaw i s  

coursed by a  canal  w i t h  numerous pores 
t o  t h e  e x t e r i o r  th rough  which a  
s e c r e t i o n  f rom assoc ia ted  g lands can 
f l o w  (Michel  1966; W o l f f  1976, 1977). 
The s e c r e t i o n  i s  a  neu ro tox i n ,  espe- 
c i  a1 l y  e f f e c t i v e  on crustaceans 
(Michel  and K e i l  1975). I t  i s  t he re -  
f o r e  n o t  s u r p r i s i n g  t h a t  bloodworms 
have been found t o  feed  on amphipods 
(Dubo i s -Lav i o l e t t e  1985) and po l y -  
chaetes (Ambrose 1984a, b) .  

A congener ic  spec ies,  - G. - alba ,  has 
been shown t o  m a i n t a i n  a  permanent 
g a l l e r y  o f  burrows (Ockelmann and Vahl 
1970). Prey a re  de tec ted  by mechano- 
r e c e p t i o n  and ambushed a t  t h e  sediment 
su r face .  G lycera  d i b r a n c h i a t a  
occupies burrows (K l  awe and D i c k i e  
1957), b u t  t h e i r  exac t  c o n f i g u r a t i o n  
has n o t  been observed. Anecdotal  
evidence f o r  G. d i b r a n c h i a t a  as an 
ambush p r e d a t o r  de r i ves  from t h e  
f o r a g i n g  behav io r  o f  B l a c k - b e l l i e d  - - 

P l ove r s  ( P l u v i a l  i s  squa ta ro l a ) ,  
spec i a l  i z e d  p reda to r s  on G. 
d i  b ranch ia ta  (Dubo i s -Lav i o l e t t e  19857. 
To b r i n a  bloodworms near t h e  sediment - 
sur face ,  these  p l o v e r s  engage i n  f o o t -  
t r e m b l i n g  behav io r ,  s e t t i n g  up 
v i b r a t i o n s  a t  t h e  sediment su r face .  
B l  oodworms appa ren t l y  m i  s take  these 
v i b r a t i o n s  f o r  t h e  v i b r a t i o n s  o f  a  
p o t e n t i a l  p r e y  i tem. St01 t e  (1932) 
desc r i bed  t h e  complex i n n e r v a t i o n  o f  
t h e  mechanorecept ive sense organs o f  
b l  oodworms. B l  oodworms r e f  used t o  e a t  
dead p r e y  i n  t h e  l a b o r a t o r y ,  i n d i -  
c a t i n g  t h e  impor tance o f  mechano- 
r e c e p t i o n  i n  p rey  l o c a t i o n  (Klawe and 
D i c k i e  1957; Fauchald and Jumars 
1979). 

Severa l  f e a t u r e s  make i t  l i k e l y  t h a t  
G lycera  d i b r a n c h i a t a  i s  p r i m a r i l y  a  
p reda to r :  t h e  p robosc i s  armed w i t h  
n e u r o t o x i n - i n j e c t i n g  jaws, mechano- 
r e c e p t i v e  a b i l i t i e s ,  l a c k  o f  a  com- 
p l e t e  g u t  (Ockelmann and Vahl 1970), 
and t h e  presence o f  p r o t e o l y t i c  
enzymes i n  t h e  g u t  (Vahl 1976). Ev i -  
dence does e x i s t  i n d i c a t i n g  t h a t  
bloodworms can s u c c e s s f u l l y  u t i l i z e  
d e t r i t u s  (Frankenberg and Smith 1967; 
Adams and Ange lov ic  1970). I t seems 



1  i k e l y  t h a t  d e t r i t i v o r y  i s  man i fes ted  
o n l y  i n  t h e  absence o f  s u i t a b l e  animal 
p rey .  

B l  oodworms a r e  capable o f  u t i  1  i z i  ng 
d i s s o l v e d  o rgan i c  ma t t e r .  Stephens e t  
a l .  (1965) showed t h a t  bloodworms t ake  
U P  c r e a t i  ne oppo r t un i  s t i c a l  l y .  
Stevens and Pres ton  (1981a, b, c )  
showed t h a t  a l a n i n e  can be concen- 
t r a t e d  a g a i n s t  a  c o n c e n t r a t i o n  g r a d i -  
en t .  P res ton  and Stephens (1969), 
P res ton  (1970) and Chien e t  a l .  (1972) 
i n d i c a t e  t h a t  a  number o f  o t h e r  amino 
ac i ds  can be concentrated.  

Predator -Prey Re1 a t i o n s  

Bloodworms can s i g n i f i c a n t l y  a f f e c t  
popu la t i ons  o f  o t h e r  i n f a u n a l  orga- 
nisms. Wi l son  (1979) showed a  co r -  
r e l a t i o n  between bloodworm abundance 
and t h e  number o f  maldanid po lychae tes  
r egene ra t i ng  t h e i r  a n t e r i o r  ends and 
argued t h a t  bloodworms were browsing 
on t h e  maldanids. Ambrose (1984a, b) 
showed t h a t  b l  oodworms consume s i g n i -  
f i c a n t  numbers o f  t h e  sandworm. 
Nere i  s  v i  rens.  ~ u b o i s - ~ a v i o l e t t e  
(1985) r e ~ o r t e d  t h a t  bloodworm au t s  
con ta ined  ' t h e  amphipod ~ o r o ~ h i u m  
v o l  u t a t o r .  

P reda to rs  on G. d i b r a n c h i a t a  seem t o  
be few. Thev were r a r e l v  found i n  
f i s h  gu t s  ( ~ i a w e  and ~ i c k i e  1957). 
Duboi s- L a v i o l e t t e  (1985) r e p o r t e d  t h a t  
bloodworms a r e  t h e  ma jo r  p rey  o f  
Black-be1 1  i e d  P lovers  - ( P ' l u v i a l i s  
squa ta ro la )  i n  t h e  upper Bay o f  Fundy. 
The s t r i p e d  bass, Morone s a x a t i  1  i s ,  
and t h e  sand shr imp, Crangon septem- 
sp inosa,  consume l a r g e  numbers o f  
spent ,  dead bloodworms. 

ENVIRONMENTAL REQUIREMENTS 

Substratum 

Bloodworms 1  i v e  i n  a  range o f  sub- 
s t r a t um  types,  b u t  seem t o  be most 
abundant i n  ve r y  f i n e  muds w i t h  h i g h  
o rgan i c  con ten t  (Klawe and D i c k i e  
1957; Creaser 1973; Duboi s -Lav i o l  e t t e  

1985). B l  oodworms a re  conspicuous i n  
t h e  water  column d u r i n g  t h e  f a l l  and 
w i n t e r  (Dean 1978b; Graham and Creaser 
1979). Such swimming worms a re  n o t  
r ep roduc t i ve ;  t hey  may be search ing  
f o r  more s u i t a b l e  b e n t h i c  h a b i t a t .  

Sal i n i  t v  

There a re  no pub l i shed  da ta  on 
t o l e r a n c e  1  i m i t s  o f  bloodworms t o  
s a l i n i t y  s t r e s s .  Costa e t  a l .  (1980) 
demonstrated t h a t  bloodworms a re  osmo- 
conformers. Bloodworms use f r e e  amino 
a c i d s  t o  decrease i n t r a c e l l u l a r  s o l u t e  
concen t ra t i ons  d u r i n g  hypo-osmotic 
s t r ess .  Machin (1975) found t h a t  
these  animal s  equi  1  i b r a t e d  t o  50% and 
150% seawater a f t e r  10-25 h, p roduc ing  
a  u r i n e  t h a t  i s  i so -osmot i c  t o  t h e  
coelomic f l u i d .  The volume o f  coelo-  
mocytes changes r a p i d l y  i n  response t o  
d i f f e r e n t  osmot ic  p ressures  (Machin 
and 0 '  Donne1 1  1977). 

D i sso l ved  Oxygen 

G lycera  d i b r a n c h i a t a  i s  c a l l e d  a  
bloodworm because i t s  hemoalobin 
impar ts  a  r edd i sh  c o l o r  t o  theUbody. 
The hemoglobin i s  found i n  c e l l s  i n  
t h e  body c a v i t y  (coelom); a  c i r c u -  
l a t o r y  system i s  l a ck i ng .  No da ta  
e x i s t  on t h e  minimum d i s s o l v e d  oxygen 
concen t ra t i on  needed f o r  s u r v i v a l .  
The hemogl ob i  n  o f  b l  oodworms c o n s i s t s  
o f  two d i f f e r e n t  molecules,  d i f f e r i n g  
g r e a t l y  i n  mo lecu la r  we igh t  and oxygen 
a f f i n i t y  ( e . g . ,  Weber e t  a l .  1977; 
H a r r i n g t o n  e t  a l .  1978; Pa rkhu rs t  e t  
a l .  1981). The two hemoglobin t ypes  
a l l o w  f o r  t h e  s to rage  o f  oxygen under 
c o n d i t i o n s  o f  low oxygen t e n s i o n  and 
f o r  t h e  t r a n s p o r t  o f  oxygen under con- 
d i t i o n s  o f  h i g h  oxygen tens ion .  Man- 
gum (1970) and Hoffman and Mangum 
(1970) showed t h a t  much o f  t h e  oxygen 
t r a n s p o r t  i n  bloodworms con t i nues  
a f t e r  expe r imen ta l l y  b l o c k i n g  t h e  
hemoglobin, i m p l y i n g  t h a t  t h e  s to rage  
c a p a b i l i t y  o f  hemoglobin i s  t h e  more 
impo r t an t  use. I n  a d d i t i o n  t o  hemo- 
g l o b i n ,  t h e  muscles o f  t h e  p robosc is  
c o n t a i n  a  myoglob in  which f a c i l  i t a t e s  



t r a n s f e r  o f  oxygen ( T e r w i l  l i g e r  and 
T e r w i l l i g e r  1981). 

Tox i co l ogy  

L i m i t e d  i n f o r m a t i o n  i s  a v a i l a b l e  on 
t h e  e f f e c t  o f  heavy meta ls  and o rgan i c  
p o l  1  u t a n t s  on b l  oodworms. I n  contami- 
na ted  s i t e s ,  copper may inc rease  i n  
t h e  body b u t  n o t  i n  t h e  jaws; 67% o f  
t h e  body burden o f  copper i s  i n  t h e  
jaws (Gibbs and Bryan 1980). Z inc  
concen t ra t i ons  remain reasonably  
cons tan t  i n  b o t h  t h e  jaws and body f o r  
worms exposed t o  d i f f e r e n t  l e v e l s  o f  

env i ronmenta l  z i nc .  R ice  and Chien 
(1979) showed t h a t  cadmium accumulates 
t h rough  b o t h  t h e  body su r f ace  and t h e  
i n t e s t i n e .  They argued t h a t  t h e  
coelomic f 1 wid may a c t  1  i ke mammal i a n  
m e t a l l o t h i o n e i n s  t o  b i n d  t h e  meta l  
i ons .  Medeiros e t  a l .  (1981) showed 
t h a t  mercury uptake i s  ve r y  r a p i d ,  
w i t h  75% o f  t h e  e q u i l i b r i u m  va l ue  
b e i n g  a t t a i n e d  a f t e r  o n l y  2 h  o f  
exposure. PCB's do n o t  produce 
inc reased  mo r t a l  i t y  i n  b l  oodworms b u t  
may a f f e c t  t h e  a b i l i t y  o f  coelomocytes 
t o  phagocy t i ze  pathogens (Anderson e t  
a1 . 1984). 
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