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ABSTRACT: The reproductive period and life-history parameters  were invest igated for the 
hoplonemert ine Amphiporus lactifloreus found on the tidal flats of the island of Sylt in the nor thern 
Wadden Sea. Every six weeks 20 individuals were collected and then histologically examined to 
determine the development  stage of their reproductive organs. A. lactifforeus reproduces in the late 
autumn, its peak reproduction be ing  in the second half of November.  Individuals from all size classes 
> 20 mm body length  produced gametes.  Individuals of the cohorts that  reproduced in the late 
autumn of 1992 persisted and grew until July 1993, indicating that A. lactifloreus is an iteroparous 
species. The length  of relaxed individuals was significantly correlated with their length  under  
anaesthet ized conditions, but the regression changed  significantly after the reproductive period. 
Length under  ' relaxed'  conditions was significantly correlated with weight  (wet weight, dry weight, 
and ash-free dry weight); these relationships did not vary significantly before or after the reproduc- 
tive period. Our results show that  important  life-history data of intertidal nemert ines  can be  obtained 
without t ime-consuming histological studies. On the basis of these findings, recommendat ions  for 
future studies on the population biology of intertidal nemert ines  are given. Regular length  measure-  
ments  of nemert ines  under  'relaxed' conditions are proposed as a useful tool for tracking the growth 
and  survival of annual  cohorts of intertidal nemertines.  

I N T R O D U C T I O N  

N e m e r t i n e s  a r e  i m p o r t a n t  e n d o b e n t h i c  p r e d a t o r s  in  e s t u a r i n e  e c o s y s t e m s  (Roe, 1970, 

1976, 1993; Reise ,  1985; M c D e r m o t t ,  1984, 1993; A m b r o s e ,  1991). T h e y  m a y  h a v e  a 

s i gn i f i c an t  p r e d a t i o n  ef fec t  o n  t h e i r  p r e y  p o p u l a t i o n s  (Roe, 1976; N o r d h a u s e n ,  1988; 

Rowel l  & Woo,  1990), or t h e y  m a y  p r o v o k e  p r e y  m o v e m e n t s  w i t h i n  t ida l  f ia ts  (Thie l  & 

Reise ,  1993). To u n d e r s t a n d  t h e  ro le  of n e m e r t i n e s  in  b e n t h i c  a s s e m b l a g e s ,  a b a s i c  

k n o w l e d g e  of t h e i r  p o p u l a t i o n  b i o l o g y  is crucial .  H o w e v e r ,  t h e r e  a re  o n l y  s c a t t e r e d  

r e c o r d s  of t h e  o c c u r r e n c e  of i n t e r t i d a l  n e m e r t i n e s ,  a n d  a p a r t  f r om the  s t u d i e s  b y  Roe 

(1970, 1976, 1993) d e t a i l e d  s t u d i e s  o n  t he  p o p u l a t i o n  b i o l o g y  of i n t e r t i d a l  n e m e r t i n e s  do 
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Fig. 1. Reproductive periods of Amphiporus lactifloreus in different regions of the northern hemi- 
sphere 

not exist. Our present  knowledge  of in terannual  variations in nemert ine  abundance  is 

very limited. When looking for information on recruitment processes and the factors that 

influence them, one must fall back on reports of an observational nature (e.g. Coe, 1943; 

Riser, 1974). In the case of most nemer t ine  species it is unknown whether  they reproduce 
more than once during their lifetime. Apart  from a few historical reports on individuals 

surviving for several  years in the laboratory (McIntosh, 1873/74), nothing is known about 

their l ife-span (Gibson, 1972). This e lucidates  the need  to foster our k n o w l e d g e  of basic 

life-history information of nemert ines.  
As a step in this direction, we inves t iga ted  the reproductive biology of A m p h i p o r u s  

lactifloreus. This hoplonemer t ine  is a common endobenthic  predator in many  coastal 

areas of Europe (Gibson, 1972, 1982), and it can frequently be found on the tidal flats of 
the Nord-Sylter Wat tenmeer  (Reise, 1985; Thiel  & Reise, 1993; Albrecht & Reise, 1994). In 

order to reveal  basic information on the life-history of this species and to provide  methods  

to improve studies of the populat ion biology of this and other intert idal  nemer t ine  
species, we addressed the following questions: 

When is the reproduct ive period of A. Mcti[loreus? - The available data on the 

reproductive period of this nemer t ine  species in Europe vary considerably (Fig. 1). 
Do all individuals of the populat ion participate in a reproduction event?  - For 

populat ion studies it is of prime impor tance  to know when  a species ach ieves  maturity. 

Is A. lacti[loreus semelparous  or iteroparous? - Coe (1943) ment ions  that large 
nemert ine  species probably reproduce  in several  successive years (iteroparous), whereas  

smaller species probably die after their first reproduction. Riser (1974) recorded  that 

individuals of Lineus  viridis die as a consequence  of spawning, and that  after the 
reproduct ive period only very small individuals can be found on tidal fiats. 

Furthermore, in order to facilitate future studies on the populat ion biology of A. 

lacti f loreus (and other nemertines),  we  examined  whether  length  is a measu re  potentially 
indicative of different age  classes. 

MATERIAL AND METHODS 

The study was conducted  on the tidal flats of the Nord-Sylter  Wat tenmeer .  The tidal 
range is about  1.8 m (Reise, 1985), In this area, A m p h i p o r u s  ]actif loreus can reach 

densities of up to 250 individuals / m 2 (Thiel & Reise, 1993). Mussel  clumps, which are an 

important  micro-habitat  of this nemert ine,  are very abundant  in the study a rea  (Reise et 

al., 1989; Albrecht, 1991). 
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E x a m i n a t i o n  of the  r e p r o d u c t i v e  s t a ge  of Amphiporus lactifloreus 

We collected A. lactifloreus from the tidal fiats of the island of Sylt in the nor thern 
Wadden  Sea be tween  August  1992 and  July 1993 every 6-8 weeks. On each sampling 
date we collected 20-24 individuals which were separated from mussel clumps in the 
field. We measured  their length by al lowing them to crawl along a ruler (described below 
in 'Biometrics of A. lactifloreus'). Nemert ines  were grouped into 7 different length  classes 
according to the measurements  under  'relaxed' conditions (-<20ram; 2 1 - 3 0 m m ;  
31-40 mm; 41-50 mm; 51-60 ram; 61-70 ram; > 70 ram). Before fixation, the nemer t ines  
were anaesthet ized with 7.5 % MgC12-solution. Specimens were fixed in Bouin's  fluid for 
24 h and then transferred to 70% alcohol. Animals  were embedded  in 54 ~ paraffin wax 
for sectioning. 

In order to examine the reproductive stage of the gonads, we prepared sections 
(6-8 ,um) from the middle part of every animal ' s  body. The sections were s tained using 
the Mallory-trichrome-method. We examined  50 sections of each individual  under  the 
microscope, determined its sex when  possible, and classified the developmental  stage of 
the gonads in every section according to the description presented in Table 1. The latest 
stage of development  that was found to be in majority after 50 sections of an individual  
were examined was used to classify its reproductive stage. 

B iomet r i cs  of Amphiporus  lactifloreus 

In order to examine the general  biometrics of Amphiporus lactifloreus and to test 
whether  relationships be tween  different, easily measurable  parameters remained  consis- 
tent, we collected nemert ines  in the au tumn  of 1991 (October) and in the spring of 1992 
(March). We determined their natural  length  by allowing them to crawl along a ruler and 
reading the length when  they were fully relaxed (= 'relaxed' nemertines;  see also Gibson 
& Young, 1976). As it proved to be a t ime-consuming task to get the nemer t ines  to crawl 
along the ruler and to be more or less relaxed, we anaesthet ized the nemert ines  in a 7.5 % 
MgC12-solution. After anaesthet izing the nemer t ines  for about 10 minutes in the MgClz- 
solution we again measured their length  (= 'anaesthet ized '  nemertines) to establish a 

Table 1. Classification of the reproductive stages of the hoplonemertine Amphiporus lactitloreus as 
recognizable in histological sections (6-8 ~tm thick) 

Stage Term Short description 

0 undeveloped 
1 resting 

2 maturing 

3 mature 

4 post-reproductive 

No gonads visible in the section 
Gonads visible but still adhering close to the body wall; oocytes and 
spermatogonia visible 
Gonads visibly protruding into the body lumen; oocytes increasing in 
size, spermatocytes increasing in number 
Gonads filling most of the body lumen; oocytes and sperm densely 
packed in the gonads, gonopores opening 
Gonads empty, only very few gametes remaining in the gonad lumen; 
gonopores still opened 
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Fig. 2. Mature female (bottom) and male (top) individuals of Amphiporus lactifloreus. During the 
reproductive period, the ovaries with the eggs and the testes are easily recognizable in the field with 
the naked eye or with the aid of a hand lens 

relationship be tween  living and  anaesthet ized individuals. We then de te rmined  the wet 
weight, dry weight  (after drying them for 3 clays at 80 ~ ash weight  (muffle furnace for 4 
hours at 510~ and ash-free-dry-weight  (afdw = dry weight - ash weight). 

RESULTS 

R e p r o d u c t i v e  s t a g e s  a n d  r e p r o d u c t i v e  p e r i o d  of A m p h i p o r u s  lact i f loreus  

Amphiporus lactifloreus is dioecious. Females and males can be d is t inguished in the 
field only during the reproductive period. The reproductive products of mature  individu- 
als can be seen through the body wall. Mature eggs have a greenish-whi te  appearance,  
and  the observer in the field can easily recognize be tween  4 to 10 mature  eggs in one 
ovary (Fig. 2). Male gonads containing sperm appear  white. The mature male  gonads  are 
heavily folded, and  in the field the borders be tween  individual  testes canno t  be distin- 
guished. Outside the reproductive period, males and females can only be dis t inguished 
by histological examination.  

Animals collected be tween  April and July sometimes had a bright o range  or dark 
grey coloration, but  the histological examinat ion of these individuals  showed that they 
did not contain mature eggs or sperm. During the rest of the year the an imals  appeared  

greyish-white. 
In the histological sections, the gonads of nemer t ines  that were in reproduct ive stage 1 

(Table 1) were pressed close to the body wall. The intestinal l umen  and  the intest inal  
tissues occupied most of the body volume (Figs 3a, 4a). 

Gonads of females in stage 1 contained previtellogenic oocytes (Fig. 3b). The nucleus  
appears translucent,  and chromosomes are visible (Fig. 3b). Up to 15 of these  previtello- 
genic oocytes can be found in one section of an ovary. Gonopores can be recognized  in 
the sections, but  their opening  to the outside is very narrow. During the vitellogenic 
phase, the oocytes increase in size, the nucleus  is no longer t ranslucent  in sections, and 
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Figt 3. Cross sections of female Amphiporus lactifloreus, a: overview; b: ovary in stage I; c: ovary in 
stage 2; d: ovary with mature eggs. G gonads; g gonopores; I intestine; L lateral nerve cord; 
M longitudinal muscles; R rhynchocoel. Scale bar = 0.1 mm in a-d 

the  ovar ies  p r o t r u d e  into the  b o d y  (s tage 2 - Fig. 3c). Af te r  ma tu ra t ion ,  ovar ies  c o n t a i n i n g  

oocy tes  a lmos t  c o m p l e t e l y  occupy  the  b o d y  v o l u m e  (stage 3 - Fig. 3d). Up to 5 m a t u r e  
oocy tes  can  be  s e e n  in one  sect ion of an  ovary.  M a t u r e  oocytes  are  c o v e r e d  by  a thin,  h a r d  

layer ,  w h i c h  is difficult  to sect ion and  of ten  causes  art ifacts in the  sec t ions  (Fig. 3d). 

G o n a d s  of m a l e s  in s t age  1 con ta in  s p e r m a t o g o n i a  (Fig. 4a). Dur ing  s p e r m a t o g e n e s i s  
the  n u m b e r  of s p e r m a t o c y t e s  rap id ly  increases ,  and  s u b s e q u e n t l y  the  g o n a d s  e x t e n d  into 
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Fig. 4. Cross sections of male Amptnporus lactifloreus, a: testes in s tage 1 (resting); b: tes tes  in stage 
2; c: testes wi th  mature  spe rm - s tage 3; d: empty  testes  immediate ly  after the reproduc t ive  period - 
s tage 4. G gonads;  g gonopores;  I intestine; L lateral nerve  cord. Scale bar  -- 0.1 m m  in a - d  
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Fig. 5. Numbers of Amphiporus lactifloreus from the Nord-Sylter Wattenmeer in the respective 
reproductive stages during the 8 sampling periods. Stage 0 - undeveloped; stage 1 - resting; stage 2 
- maturing; stage 3 - mature; stage 4 - post-reproductive. For further explanation see Table 1 

the body cavity (stage 2 - Fig. 4b). When spermiogenesis  is completed (stage 3), the 
gonads occupy most of the body volume (Fig. 4c). After the reproductive period, empty 
gonads are visible in the sections and the gonopores, both in male and female individu- 
als, are still open (stage 4 - Fig. 4d). Outside the reproductive period the columnar  cells of 
the intestine are filled with many  fat droplets (Figs 3b, 4a). During the reproductive 
period these columnar  cells may be completely empty (Figs 3c, 4c). 

Amphiporus lactifloreus has a clearly confined reproductive period in the Nord- 
Sylter Wat tenmeer  (Fig. 5). Maturat ion of the gonads does not beg in  until  August.  In 
October 1992 almost all of the nemer t ines  that were collected were in stage 2, and  the 
ovaries and testes were matur ing  (Fig. 5). At the end  of November  (27th November  1992) 
more than half of the nemert ines  that were collected contained fully mature gametes,  and 
7 of 24 nemer t ines  had already released their reproductive products. By the end  of 
January  (31st January  1993), all of the nemer t ines  had spawned, and the gonads were 
again in stage 1. 

B iome t r i c s  of Amphiporus  lactifloreus 

Nemert ines  were found in all length  classes. Both sexes were represented in all 
length classes more or less equally (Fig. 6), except in the class _< 20 mm, in which only 



344 M a r t i n  T h i e l  & T h o r s t e n  D e r n e d d e  

12" 

8 

4 

8 

4, 

8 

4' 

4 

E 8 
= 4 
0 

=E. 
z 

4 

August 4-1992; n = 1 ~  

October 1992; n=15/5 

Nouember 1992;n=13/11 

January 1993;n=18/12 

March 1993;n=18/14 

April 1993; n=6/14 

4" g 

June 1993;n=18/14 

I ,  i 

July 1993; n-9/15 

_<20 21-30 31 -40 41-50 51-60 61 -70 _>71 
Amphiporus lactifloreus; size classes (ram) 

Fig. 6. Numbers  of Amphiporus lactifloreus in each of the 7 size classes during the  8 sampling 
periods 



Reproduction of Amphiporus lactifloreus 345 
A 

E 60 '  
E 

"O 
r 4 0  N 

W 

r 

r 20  
r  

o~ 0 
e- 

. J  

1 4 0 '  

~ 1 0 0 .  

"~ 60' 

20.  

i 3 0 ,  

�9 - 20" 

~ 1 0 .  
a 

30 

= October: y=0.18+0.64x; R=0.96 
o �9 March: y=3�9 R=0.91 . .  �9 

o 
n o O  o o  o 

J ~ ~  A 

�9 �9 o 

i I I J I I i 
2 0  4 0  6 0  8 0  
Length of relaxed nemertines  (mm) 

�9 October: y=-24.14+1.43x; R=0.84 �9 
o March: y=-15.49+1.23x; R=0.82 

u i i  �9 �9 

m e  m =  �9 ~ 
9 �9 o 

n I I  o B �9 m 0  ~  = a 

m o I I  n 

�9 m a n  �9 ~ 

! I I ! I 

�9 October: y=-6.66+0.39x; R=0.83 �9 
~ March: y=-4.11+0.37x; R=0.80 

n � 9  �9 

o ~  = �9 

D o  n 
o m o  Q o o � 9  �9 ~ ~ 

o l o � 9  �9 
~ o �9 

�9 o i  n 
~ � 9  n �9 �9 

0 = �9 m ~  �9 n 

�9 �9 �9 �9 n ~ , s  

I i I i I 
�9 October: y=-5.99+0.36x; R=0.82 
~ March: y=-2.85+0.31x; R=0.75 

�9 w n �9 

 2~ . . . o  .o 

l O t  . .  ~ 

O ~ U  ~~  - i n i i  -m I I D 

2 0  4 0  6 0  8 0  
Length of relaxed nemert ines  (mm) 

Fig, 7. Biometric relationship for Amphiporus lactffloreus in October 1991 (n--78 individuals) and 
March 1992 (n = 40 individuals). A: Linear regression of the length of anaesthetized individuals and 
the length of 'relaxed' individuals. B: Linear regression of wet weight and 'relaxed' length of 
different sizes of A. iactifloreus. C: Linear regression of dry weight and 'relaxed' length, D: Linear 
regression of ash-free dry weight and 'relaxed' length. Linear regressions between 'relaxed' length 
and weight data were only calculated for nemertines longer than the 20 rnm 'relaxed' length 
(October: n = 77 and March: n = 40) 
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one male  was found. Male  Amphiporus  lactifloreus w e r e  in the major i ty  before  the 
reproduct ive  period,  whe reas  females  domina ted  after the reproduct ive  pe r iod  (Fig. 6). 

In January  1993, the  numbers  in the different length  classes were  a lmost  the  same as 
in November  1992. Thus it can be  concluded  that  the majori ty of nemer t ines  survived the 
reproduct ive  period.  Be tween  Augus t  1992 and January  1993, the dis t r ibut ion of nemert i -  
nes in different  length  classes indicates  a cohort with a modal  size b e t w e e n  40 and  60 mm 
(Fig. 6). Beginning  in March  1993, this cohort s eemed  to grow further, a n d  in July  1993 
most of the nemer t ines  were  longer  than  60 mm. 

Both in N o v e m b e r  I991 and  March  1992, there  was a strong correla t ion b e t w e e n  the 
length  of the nemer t ines  measu red  when  they were  crawling a long the  ruler  under  
' re laxed '  condit ions and  their  length  measu red  after be ing  anaes the t i z ed  (Fig. 7a). A 
significant re la t ionship  exis ted  b e t w e e n  the re laxed  length  and the w e i g h t - d a t a  (ww, dw 
and afdw) of A. lactifloreus (Fig. 7b, c, d). No significant differences for any  of the 
examined  ' re laxed '  l eng th -we igh t  re la t ionships  were  found b e t w e e n  the two sampl ing  
dates  of October  1991 and March  1992 (t-test; p > 0.05). However ,  the  re la t ionship 
b e t w e e n  the length  of ' r e laxed '  and  anaes the t i zed  nemer t ines  c ha nge d  s ignif icant ly  after 
the reproduct ive  per iod  (t-test; p < 0.02). The rela t ionship be tw e e n  a na e s the t i z e d  length  
and wet  we igh t  also changed  significantly from October  1991 to March  1992 (t-test; 
p < 0.001), whereas  the other  l eng th -we igh t  re la t ionships  (dw, afdw) u n d e r  anaes the -  
t ized condit ions did not  change  in this t ime per iod  (p > 0.05). 

DISCUSSION 

R e p r o d u c t i v e  p e r i o d  of A m p h i p o r u s  lac t i f loreus  

The hoplonemer t ine  Amphiporus lactifloreus in the W a d d e n  Sea r e p roduc e s  during 
the late autumn.  This is in clear  contrast  to most other reports  of the reproduc t ive  per iod 
of this species  (McIntosh, 1873-74; Bfirger, 1897-1907; Franzen,  1956, 1983; Gibson, 
1972). Bierne & Ru6 (1979), who also examined  histological  sections, found  a reproduc-  
tive per iod  in A. lactifloreus on the French  Channe l  coast  that  is similar to tha t  obse rved  
by us in the  W a d d e n  Sea. In Apri l  and  June  of 1993 we found individuals  that  ma tched  
the colour descr ipt ion given by Gibson (1972) for A. lactifloreus dur ing  the i r  p resumpt ive  
reproduct ive  period,  but  none  of our individuals  r evea led  matur ing  or m a t u r e  gonads  
dur ing the histological  examinat ion  (Fig 5). Individuals  col lected in N o v e m b e r  1992 
conta ined  mature  gonads.  They could clear ly be  recognized  as mature  ind iv idua l s  in the 
field with the n a k e d  eye or with the a id  of a hand  lens. Interest ingly,  in n o n e  of the above-  
men t ioned  reports  is a descr ipt ion of ma ture  individuals  g iven that  ma t c he s  our observa-  
tions. This l eads  us to suspect  that  in most cases  the repor ted  r ep roduc t ive  pe r iod  of A. 
lactifloreus was not accura te ly  identif ied.  Mature  individuals  can easi ly be  r ecogn ized  in 
the field, provid ing  an easy tool for r e -examin ing  the reproduct ive  pe r iod  of A. lactiflo- 
reus along the European  coasts. 

Most  other  nemer t ines  from t empera t e  regions  of the nor thern  hemisphe re ,  for which 
reproduc t ive  da ta  are available,  r ep roduce  dur ing  the spr ing and s u m m e r  months  (Fig. 
8). The major i ty  of nemer t ines  are benth ic  predators ,  so it can be  a s s u m e d  that  devel-  
oping juveni les  will f ind abundan t  p rey  resources  during the summer  and  ear ly  autumn.  
Very few nemer t ines  other than  A. lactifloreus reproduce  dur ing the a u t u m n  (Friedrich, 
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Fig. 8. Reproductive periods of 53 nemertine species from the temperate regions of the northern 
hemisphere. Horizontal lines separate the different species from each other. Information from various 
geographical areas or different authors may be given for particular species (see also Fig. 1). Where 
several reports are available for one species, the thickness of the horizontal columns is decreased 

1979). No unifying character can be identif ied among these different groups of nemert i-  
nes which reproduce in autumn.  

During the reproductive period and  following it, high numbers  of A. lactifloreus 
could be observed at the sediment  surface dur ing nocturnal  low tides (Thiel, 1992; ThieI 
et al., 1995}. Throughout  our observations and  sample-collecting trips we found no 
indication of how A. lactifloreus reproduct ion might function. Some authors ment ion  that 
A. lactifloreus deposits fertilized eggs in a cocoon-like mass on the bottom where  they 
undergo direct development  (Thorson, 1950, 1957), whereas other authors report that the 
gametes are freely shed into the water co lumn (Bierne, 1983). Intensive field observations 
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during n ight - t ime low tides in N o v e m b e r  are a promis ing  project  that  may  shed more 
l ight on how reproduct ion  functions in A. lactifloreus. 

L i f e - h i s t o r y  of A m p h i p o r u s  lact i f loreus  

The hop lonemer t ine  Amphiporus lactifloreus is a very common inter t idal  nemer t ine  
along European  coasts (Gibson, 1982). It feeds  preferent ia l ly  on amphipods  of the  genus  
Gammarus (Jennings & Gibson, 1969; McDermot t  & Roe, 1985). A. lactifloreus can be  
found in aggrega t ions  compris ing severa l  in te rming led  individuals  wi th in  mussel  
clumps. Densi t ies  may  be as h igh  as 250 indiv iduals  / m 2 within these micro-habi ta t s  
(Thiel & Reise, 1993). The ave rage  food r equ i r emen t  of an adul t  individual  A. lactifloreus 
was es t imated  from labora tory  exper imen t s  to be  about  0.15 amphipods  / day  (Thiel, 
1992), a value  which  corresponds  with va lues  p rov ided  by McDermot t  (1984, 1993) for 
another  hop lonemer t ine  feeding  on amph ipods  of a size similar to those p r e y e d  upon  by  
A. lactifloreus. 

The nemer t ine  A. lactifloreus has the capac i ty  to reproduce  severa l  t imes  in subse-  
quent  reproduct ive  periods,  as can be  conc luded  from our data. To our k n o w l e d g e  the 
presen t  s tudy is the first to show that  a re la t ively  small  nemer t ine  species  is i teroparous.  
We conclude that  in the field A. lactifloreus can reach  an age  of 2 years,  b e c a u s e  some 
individuals  of the cohort that  r ep roduced  in N o v e m b e r  1992 pers is ted in the  field until  
July 1993 (see Figs 5 and 6). 

The explana t ions  for A. lactifloreus r ep roduc ing  in autumn remain  speculat ive.  
Gammar id  amph ipods  in the Nord-Syl te r  W a t t e n m e e r  and along the nor thern  European  
coasts reach their  h ighes t  densi t ies  in spr ing and au tumn (personal obs.). The  reproduc-  
tive per iod of A. lactifloreus immed ia t e ly  follows the per iod when  g a m m a r i d s  r eached  
p e a k  numbers  in autumn.  This l eads  to the assumpt ion  that  food avai labi l i ty  may  be a 
factor inf luencing the t iming of reproduc t ion  in A. lactifloreus. 

An al ternat ive  hypothesis  would  be  the lack  of potent ia l  predators  of A. lactifloreus 
in its micro-habi ta t  dur ing  au tumn and winter  months.  A. lactifloreus preferen t ia l ly  
inhabi ts  musse l  c lumps on t idal  flats and  lives in large  numbers  under  smal l  rocks on 
rocky shores. The nemer t ine  shares  this habi ta t  with many  other  inver tebra tes .  Despi te  
the w idesp read  notion that  nemer t ines  have  few or no enemies,  shore c rabs  p rey  upon 
small  nemer t ines  (Gibson, pers. comm.; Thiel, 1992). Juveni le  shore c rabs  (Carcinus 
maenas), which inhabi t  mussel  c lumps in la rge  numbers ,  leave  this hab i ta t  dur ing  the 
late fall (Thlel & Dernedde ,  1994). Thus, dur ing  the winter,  small  juven i l es  of A. 
lactifloreus would  have  a re la t ively  p reda to r - f ree  habi ta t  in mussel  c lumps.  

B i o m e t r i c s  of A m p h i p o r u s  lact i f loreus  

Measuremen t s  of length  p roved  to be  a re la t ively  useful  tool for inves t iga t ing  the 
popula t ion  b io logy of the nemer t ine  A. lactifloreus. Despite  the fact that  the size and  
shape  of nemer t ines  are h ighly  var iab le  (Gibson, 1972, 1982; Riser, 1974), the i r  l eng th  is a 
good  and  consis tent  measure  of their  condit ion unde r  both the ' re laxed '  a n d  anaes the -  
t ized condition, which  is also true for the he te ronemer t ine  Lineus viridis (Thlel, unpubl .  
data).  In the  nemer t ine  Nipponemertes pulcher, body  length  is a consis tent  me a su re  for 
the number  of eyes  (Berg, 1972), and  Heine  et  al. (1991) report  the  b o d y  length  of 
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Parborlasia corrugatus to be correlated with wet  weight.  The study of Roe (1976) shows 

that length  measurements  of ' relaxed'  nemert ines  are a good tool for t racking annual  

cohorts over various t ime periods. Gibson (1983) and Roe (1976) demonstra ted that 'body 
bulk'  (length* max imum width) is a good measure  for wet  weight.  Figure 5 shows that 

with the help of the length  measurements  of ' relaxed'  individuals, cohorts from different 

years can also be fol lowed in the nemer t ine  A. lactifloreus. As length measurements  of 

anaesthet ized individuals do not seem to be as consistent over time as those of ' re laxed'  
nemertines,  we propose the latter measure  for future studies on their populat ion biology. 

F u t u r e  s t u d i e s  on  the  p o p u l a t i o n  b i o l o g y  of i n t e r t i d a l  n e m e r t i n e s  

Ready access and the relatively high abundances  of nemert ines  found on the tidal 

flats invite studies on the populat ion biology of intertidal species. Regular  length  

measurements  of nemer t ines  promise to provide important  information on the growth 
and survival of annual  cohorts of nemert ines.  Furthermore,  they will reveal  whe the r  the 

nemert ine  under  invest igat ion is an annual  species. Optical examinations of living 

specimens often allow a determinat ion to be made whe ther  individuals have  mature  
gonads, and w h e n  combined with data from length measurements ,  these data can 

indicate whether  it is an iteroparous or semelparous nemert ine,  and whether  all members  

of the populat ion produce  gametes.  
The most difficult problem in future studies on the populat ion biology of intertidal 

nemert ines  is to de termine  the recrui tment  process and the factors inf luencing its 
success. Future studies should first focus on those species that produce cocoons, as in 

these species the small juveniles  hatch directly from the cocoon, e.g. in Lmeus  viridis 
(Bartolomaeus, 1984). Not surprisingly, L. viridis is one of the very few nemer t ines  for 

which the juveni le  habitat  and deve lopment  are known, but  no data on juveni le  growth 

and mortality are avai lable at present  (Cantell, 1989). Prime factors to be inves t iga ted  
with respect  to the recrui tment  success of nemert ines  should be the food of small 

juveniles,  their susceptibili ty to potential  predators, and the reproduct ive potential  of the 

adult population. 
Our study shows that important  life-history data of intertidal nemer t ines  can be 

relatively easily obta ined without t ime-consuming histological investigations. These  data 
provide the basic information necessary for a bet ter  unders tanding  of in terannual  

variations in nemer t ine  abundance  and may subsequent ly  help to unders tand  the 
fluctuations in the abundance  of their prey species. 
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