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Population Ecology of the  Nudibranch 
Archidor is  montereyensis (Cooper, 1862) 

ABSTRACT 

Population f l u c t u a t i o n s  of t h e  nudibranch Archi- 

d o r i s  montereyensis were s t u d i e d  a t  f i e l d  s i t e s  a t  Lantz- 

v i l l e  on Vancouver I s l a n d ,  B .  C.  from May, 1969 t o  October, 

1970. For comparison another  s i t e  was maintained a t  Bam- 

f i e l d  f o r  a s h o r t  t ime. Data were obtained on popula t ion  

f l u c t u a t i o n s ,  i n t e r t i d a l  p o s i t i o n s  and l e n g t h  of nudibranchs, 

spawn and copu la t ions .  Measurements were taken on t h e  

sponge cover upon which A_. montereyensis feeds.  Laboratory 

experiments t e s t e d  t h e  e f f e c t s  of d e s i c c a t i o n  a t  var ious  

f i e l d  t e s t e d  t h e  e f f e c t s  of nudibranch graz ing  on t h e  s tand-  

i n g  c rop  of sponge, and of sponge removal on nudibranch 

movements. 

The r e s u l t s  ind ica ted  t h a t  Archidor is  monterey- 

e n s i s  i s  a f a s t  growing annual which s e t t l e s  and spawns yea r  

round i n  t h e  i n t e r t i d a l ,  shows no evidence of v e r t i c a l  

migra t ion ,  and d i e s  from inna te  post-reproduct ive m o r t a l i t y .  

Observed f l u c t u a t i o n s  i n  numbers a r e  probably the  r e s u l t  of 

sporadic  se t t l ement  and t h e  chance t iming of adverse physi-  

c a l  f a c t o r s  such a s  h o t  weather co inc id ing  with low t i d d s  

r e s u l t i n g  i n  m o r t a l i t y  through d e s i c c a t i o n ,  and storms. 

iii 



S c a r c i t y  of food may be a l i m i t i n g  f a c t o r  a t  t imes,  s i n c e  

t h e r e  i s  a rough c o r r e l a t i o n  between the  a v a i l a b i l i t y  of 

sponge and t h e  number of nudibranchs a t  Lan tzv i l l e ,  and 

because nudibranchs were l a r g e r  and more abundant a t  Bam- 

f i e l d  where t h e  sponge cover was heav ie r  t h a n , a t  L a n t z v i l l e .  

Feeding experiments revealed Archidor is  montereyensis t o  be 

a voracious predator  of Halichondria panicea,  e a t i n g  an 

3 
average of 2 -23 cm /nudibranch/day. A removal of sponge 

r e s u l t e d  i n  a downward movement i n  t h e  i n t e r t i d a l  zone. 

This may account f o r  s u b t i d a l  s i t i n g s  of A .  - montereyensis.  

A l t e r n a t e  sponge spec ies  i n  t h e  s u b t i d a l  may c o n s t i t u t e  a 

re fuge  when food d isappears  i n  t h e  i n t e r t i d a l .  

L i fe  h i s t o r y  d a t a  were obtained on Onchidoris 

b i l a m e l l a t a ,  Diaulula  sandieqens is  and Aeol id ia  p a p i l l o s a  

which were found on the  L a n t z v i l l e  g r i d  s i t e s .  
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INTRODUCTION 

Nudibranchs, a suborder of opis thobranchia te  

gas t ropods ,  have long a t t r a c t e d  t h e  a t t e n t i o n  of marine 

b i o l o g i s t s  because of t h e i r  s t r i k i n g  c o l o r a t i o n  and d i v e r -  

s i t y  of form. Perhaps the  shee r  abundance of spec ies  (over 

5,000 a r e  known) accounts f o r  t h e  f a c t  t h a t  t o  d a t e  most 

work on them has been taxonomic. A major problem confront -  

ing  workers on nudibranchs i s  t h e i r  r e l a t i v e  s c a r c i t y .  

About e i g h t y  spec ies  of nudibranchs l i v e  along t h e  P a c i f i c  

c o a s t  of North America and no t  one i s  very common a s  compared 

wi th  many o the r  predatory  gastropods (Thais ,  f o r  example).  

Many s p e c i e s  a r e  known from only a few i n d i v i d u a l s ,  and 

even t h e  most common a r e  d i f f i c u l t  t o  f ind  i n  any abundance. 

Most e a r l y  r e p o r t s  a long the  P a c i f i c  c o a s t  of North America 

were w r i t t e n  by F .  M. MacFarland (1905, 1906, 1912, 1925, 

1926, 1966) and by C .  O'Donoghue (1921a,b; 1922a,b,c;  1924; 

1926; l927a, b)  , but  they  concentrated upon sys temat ic s .  

Recent s y s t e m a t i s t s  (Marcus, 1961; S te inberg ,  1959, 1961, 

' l963a, 1963b; Ro l l e r ,  1969, 1970 ; R o b i l l i a r d ,  1970) a r e  

a t tempt ing  t o  s t r a i g h t e n  out  t h e  sys temat ic  confusion i n  

North American nudibranchs . I n  t h e  l a s t  t e n  y e a r s ,  t h i s  

group has been s tud ied  i n t e n s i v e l y ,  e s p e c i a l l y  by physiolo-  



g i s t s  and embryologists,  but  t h e  b a s i c  ecology of nudi- 

branchs remains l a r g e l y  unknown. Most of t h e  e c o l o g i c a l  

information on North American nudibranchs comes from com- 

ments i n  n a t u r a l  h i s t o r y  books ( f o r  example, MacGinitie 

and MacGinitie, 1949; R icke t t s  and Calvin,  1952) a s  ad- 

d i t i o n s  t o  taxonomic d e s c r i p t i o n s  (MacFarland, 1966 ; 

OIDonoghue, 1921a,b; 1922a,b,c;  1924; 1926; 1927a ,b ) ,  o r  

s h o r t  no tes  on f i e l d  observat ions  l i k e  those of Agersborg 

(1919) and C o s t e l l o  (1937, 1938) . 

From s c a t t e r e d  published information on the  

ecology of var ious  spec ies ,  some b a s i c  ques t ions  have 

a r i s e n .  One such ques t ion  concerns t h e  sporadic  abundance 

of  many spec ies  of nudibranchs both  i n  time and space.  Nudi- 

branchs r e l a t i v e l y  common one year  have been found t o  be 

r a r e  t h e  next ,  a l though they  sometimes could be found i n  

o t h e r  a r e a s .  To account f o r  t h e  sporadic  appearance of nudi- 

branchs i n  the  i n t e r t i d a l  zone, s e v e r a l  t h e o r i e s  have been 

proposed. The major controversy i s  whether or not  nudi- 

branchs migra te .  Proponents of t h e  migrat ion theory be l i eve  

t h a t  migra t ion  t akes  p lace  e i t h e r  ( a )  when juveni les  which 

had s e t t l e d  i n  t h e  s u b t i d a l  move i n t o  the  i n t e r t i d a l  (Gar- . 
s t a n g ,  1890; E l i o t ,  1910; Cos te l lo ,  1938) ,  (b)  when pos t -  



reproduct ive  a d u l t s  migrate  t o  t h e  s u b t i d a l  a f t e r  spawning 

(Alder and Hancock, 1845-1855; Aboul-Ela, 1959) ,  (c )  i n  both 

c a s e s ,  t h e  i n t e r t i d a l  only be ing  occupied i n  t h e  breeding 

season (Hecht, 1896; Balch, 1908; McMillan, 1944))  o r  (d)  

f o r  reasons  unre la ted  t o  breeding (Crozier ,  1917; Chambers, 

1934; M i l l e r ,  1962) . Those who do no t  b e l i e v e  migra t ion  

occurs  uphold one or more of t h e  fol lowing t h e o r i e s :  (a )  

sporadic  se t t l ement  of v e l i g e r s  i n  the  i n t e r t i d a l  (Alder and 

Hancock, 1845-1855; M i l l e r ,  1962 ; P o t t s ,  1970) , (b) sporadic  

e f f e c t s  of i n t e r t i d a l  l i m i t i n g  f a c t o r s  such a s  temperature 

and s a l i n i t y ,  food supply,  o r  p reda t ion  (Crozier ,  1917 ; 

Chambers, 1934; Swennen, 1961) , o r  ( c )  t h e  nudibranchs d i e  

from an inheren t  post-reproduct ive m o r t a l i t y  (Garstang, 1890; 

Hecht, 1896; Behrentz, 1931; Thompson, 1961a,b,  1964; P o t t s ,  

1970) .  This abundance of t h e o r i e s  p o i n t s  out  t h e  lack  of 

information on l i f e  c y c l e s  and genera l  ecology of nudibranchs.  

However, t h r e e  a r e a s  which have been s tud ied  a r e  feeding,  de- 

fence and reproduct ion .  

Feeding has been s tud ied  i n t e n s i v e l y  i n  Europe and 

Great B r i t a i n  ( F o r r e s t ,  1953; Graham, 1955; Aboul-Ela, 1959; 

M i l l e r ,  1961; Swennen, 1961; Thompson, 196.4), but  many Nprth 

P a c i f i c  c o a s t  spec ies  do no t  occur t h e r e  and the  prey f o r  most 



of these  remains unknown. Nudibranchs , i n  g e n e r a l ,  feed upon 

c o e l e n t e r a t e s ,  t u n i c a t e s  and sponges. They tend t o  be 

s p e c i f i c  i n  t h e i r  food h a b i t s  and f u r t h e r  s tudy of t h i s  

should l ead  t o  g r e a t e r  succ&s i n  f i n d i n g  specimens. 

Nudibranchs have developed s e v e r a l  systems t o  

i n h i b i t  p reda t ion .  Many a r e  h i g h l y  a c i d i c  o r  have copious 

mucous s e c r e t i o n s  which make them d i s t a s t e f u l  (Thompson, 

1960a,b, ;  Johannes, 1963; Edmunds, 1968) .  There i s  an 

accumulation of nematocysts i n  those  s p e c i e s  feeding upon 

anemones (Herdman, 1890; ~ u & o t ,  1907 ; Crossland i n  E l i o t ,  

1910; Crossland, 1911; Graham, 1938, 1955) . Some nudibranchs 

appear  t o  have warning co lours ,  o t h e r s  t o  have p r o t e c t i v e  

c o l o r a t i o n .  Archidor is  montereyensis i s  yellow, and feeds  

upon a  yellow sponge, Halichondria panicea (Cook, 1962) . 
Other yellow Archidorids  such a s  Archidor is  tube rcu la ta  

a l s o  feed on yellow Halichondria (Garstang, 1890) ,  bu t  t h e  

red  Archidor is  flammea feeds  on red  sponge (Garstang, 1890; 

F i s h e r ,  1937) . However, t h e  e f f e c t i v e n e s s  of t h i s  co lo r -  

a t i o n  i s  i n  some doubt a s  t h e  nudibranchs a r e  not  always on 

t h e i r  prey  (F i she r ,  1937) .  Mimicry appears  i n  some nudi- 

branchs,  f o r  example, Corambella s t e i n b e r s a e  which resembles . 
i t s  prey,  t h e  bryozoan Membranipora (Lance, 1962 ; McBeth, 



1 9 6 8 ) .  Many of t h e  a e o l i d s  a r e  capable of autotomizing 

t h e i r  c e r a t a  ( F l a t t e r l y  and Walton, 1922) .  Such p r o t e c t i v e  

devices  i n d i c a t e  t h a t  these  nudibranchs a r e  s u b j e c t  t o  

p reda t ion  p ressu re .  However, wi th  t h e  except ion  of  a  few 

opisthobranch predators  and cases  of cannibalism (Robil l j -ard,  

1971) ,  no p reda to r s  have been demonstrated. 

The reproduct ive  p a t t e r n s  of nudibranchs remain 

l a r g e l y  unknown. Egg masses and spawning have been s tud ied  

i n  d e t a i l ;  t h e  works of O'Donoghue and O'Donoghue (1922) 

and Hurst  (1967) a r e  important r e fe rences  f o r  t h i s  c o a s t .  

References a r e  a v a i l a b l e  t o  t h e  months i n  which egg masses 

a r e  found, bu t  a s  these  a r e  from d i f f e r e n t  c o l l e c t i n g  a r e a s ,  

and o f t e n  from seasonal  c o l l e c t i o n s ,  it i s  impossible t o  

g e t  a  c l e a r  p i c t u r e  of the  year-round reproduct ive  p a t t e r n  

from these  d a t a .  Workers r a r e l y  concentrated on one par -  

t i c u l a r  s p e c i e s ,  and a s  a  r e s u l t ,  l i t t l e  d e t a i l  was i n -  

cluded (Garstang, 1890 ; Renouf, 1916; Swennen, 1961; M i l l e r ,  

1961; Thompson, 1964) .  The lack of s p e c i f i c  d a t a  added t o  

t h e  n a t u r a l  s c a r c i t y  of nudibranchs led  t o  many c o n f l i c t i n g  

specu la t ions  on t h e i r  l i f e  h i s t o r i e s .  Recently,  workers 

have begun t o  concent ra te  on one p a r t i c u l a r  spec ies  i n  one . 
l o c a l i t y  (Thompson, 1958a, 1961a, 1966; Roginskaya, 1963; 



P o t t s ,  1970) t o  ob ta in  a more d e t a i l e d  idea  of l i f e  c y c l e s .  

The s t u d i e s  of  Thompson s t r e s s e d  t h e  development of eggs,  

l a rvae  and a d u l t s .  Adults were c o l l e c t e d  from t h e  same 

a r e a  a l l  year  round and t h e  reproduct ive  ma tu r i ty  determined 

by morphological c r i t e r i a .  The emphasis was placed on a n a t -  

omy; f i e l d  samples were smal l  and not  q u a n t i t a t i v e l y  meas- 

ured.  Royinskaya's s tudy cons i s t ed  of non-quant i ta t ive 

f i e l d  observat ions  over a per iod of two yea r s .  The s tudy by 

P o t t s  ( l97O),  on the  o the r  hand, was a q u a n t i t a t i v e  s tudy 

of a f ixed  a r e a  i n  which t h e  numbers and length  of i n d i v i d -  

ua l s  i n  the  t o t a l  populat ion of Onchidoris fusca i n  a 

s p e c i f i c  a r e a  were measured. 

These s t u d i e s  pointed out  t h e  n e c e s s i t y  of a 

d e t a i l e d  survey t o  ob ta in  information on t h e  ecology of a 

s i n g l e  spec ies  of nudibranch. For t h i s  reason,  I decided 

t o  s tudy t h e  populat ion ecology and l i f e  h i s t o r y  of one 

s p e c i e s  of nudibranch. The spec ies  I chose was Archidoris  

monterevensis (Cooper, 1862) (Fig.  1) which ranges along the  

P a c i f i c  c o a s t  from Alaska t o  San Diego (Ste inberg ,  196333) . 

The popula t ion  f l u c t u a t i o n s  o r  l i f e  cyc le  of A_. monterey- 

e n s i s  have no t  been s tud ied ,  bu t  because i t  i s  r e l a t i v e l y  . 
common, many d e t a i l s  of i t s  ecology a r e  known. Adult 



Figure 1. Archidoris montereyensis. 

Approximately 14 x. 

(Photograph by Ron Long, 

Bio Sciences Photographer). 





A_. montereyensis a r e  considered t o  be l a r g e l y  i n t e r t i d a l  

b u t  have been s ighted  s u b t i d a l l y  t o  a depth of 34 meters 

(Lance, 1961) . A .  - montereyensis t y p i c a l l y  occurs i n  

a s s o c i a t i o n  wi th  i t s  prey,  t h e  sponge ~ a l i c h o n d r i a  panicea 

(Long, 1968) ,  b u t  i t  has a l s o  been observed e a t i n g  o ther  

sponge spec ies  ( G .  A .  ~ o b i l l i a r d ,  p e r s .  comm.) . A food 

choice experiment (Cook, 1962 ) o f f e r i n g  s e v e r a l  sponge 

s p e c i e s  t o  A_. montereyensis r e s u l t e d  i n  only Halichondria 

panicea be ing  e a t e n ,  bu t  the  four  o t h e r  sponges of fered  d id  

not  inc lude  t h e  same sponges t h a t  A_. montereyensis was ob- 

served e a t i n g  ( G .  A .  R o b i l l i a r d ,  p e r .  comm.) . Except f o r  

t h e  work of Cook (1962) and Long (1968) , no work has been 

done on t h e  r e l a t i o n s h i p  of A_. montereyensis wi th  Halichon- 

d r i a  panicea . 

The only o the r  Archidorids  which occur along t h e  

P a c i f i c  coas t  of North America a r e  A_. odhneri ,  which I 

found t o  be common a t  Bamfield, Vancouver I s l and ;  and per -  

haps &. t u b e r c u l a t a ,  a l though t h e r e  have been only two con- 

f l i c t i n g  r e p o r t s  of t h e  l a t t e r  s o  i t s  presence i s  dubious 

(Burn, 1968) . Archidoris  odhneri  feeds upon t h e  sponges 

C r a n i e l l a ,  S t y l i s s a  and Mycale ( G .  A .  R o b i l l i a r d ,  p e r s  . . 
comrn.) and al though i t  is  o f t e n  found i n  t h e  same genera l  



l o c a l i t y  a s  A_. montereyensis,  i t  i s  s t r i c t l y  s u b t i d a l  and 

t h e  two spec ies  do no t  appear t o  i n t e r a c t .  Other s p e c i e s  

of Archidor is  have a l s o  been found t o  e a t  sponge, b u t  t h e  

prey  v a r i e s  according t o  t h e  s p e c i e s  (Garstang, 1890; 

F i s h e r ,  1937; F o r r e s t ,  1953; M i l l e r ,  1961; Thompson, 1964, 

1966; Meri lees  and Burn, 1969) . 
Archidor is  montereyensis l a y s  egg masses a l l  year  

round and t h e s e  masses have been descr ibed  i n  d e t a i l  

(0 ' Donoghue and 0 '  Donoghue, 1922 ; McGowan and P r a t t ,  1954; 

Hurs t ,  1967) .  Eggs ha tch  i n t o  p e l a g i c  v e l i g e r  l a rvae  (Hurst ,  

1967) b u t  t h e  f a t e  of t h e  l a r v a e  i s  not  known. S e t t l i n g  has 

n o t  been observed or  induced i n  t h e  f i e l d  o r  i n  t h e  labora-  

t o r y .  The l eng th  of a d u l t  l i f e ,  growth r a t e s ,  o r  number of 

spawning pe r iods  have n o t  been s tud ied  f o r  A.  - montereyensis.  

McGinitie and McGinitie (1949) observed A .  - montereyensis t o  

d i e  a f t e r  spawning. The l i f e  c y c l e  of another  spec ies  of 

Archidor is  have been s t u d i e d  w i t h  c o n f l i c t i n g  r e s u l t s .  

Renouf (1916) found t h a t  A_. pseudoarsus ( = A_. t u b e r c u l a t a )  

produced two genera t ions  i n  a yea r .  M i l l e r  (1962) found 

t h i s  s p e c i e s  t o  l i v e  about two yea r s ,  b u t  only observed one 

breeding season pe r  yea r .  Thompson (1966) found only ope 

genera t ion  pe r  y e a r .  He concluded t h a t  A .  - pseudoarsus was 



an  annual ,  growing i n  t h e  autumn and w i n t e r ,  spawning i n  

t h e  s p r i n g ,  and then dying. Juveni les  appeared i n  t h e  

l a t e  summer. Although Thompson's s tudy  appears t o  be 

comprehensive, f u r t h e r  r e sea rch  w i l l  be needed t o  e s t a b l i s h  

which, i f  any ,  of these  p a t t e r n s  holds t r u e  f o r  A. monter- 

eyens i s .  

By concent ra t ing  on one s p e c i e s  I hoped t o  ob ta in  

d e t a i l s  of t h e  l i f e  cyc le  t o  add t o  t h e  r e l a t i v e l y  few 

s t u d i e s  which have been done. The main purpose of t h i s  

s tudy was t o  examine under f i e l d  popula t ion  cond i t ions ,  

t h e  l i f e  cyc le  and c e r t a i n  popula t ion  c h a r a c t e r i s t i c s  of 

Archidor is  montereyensis,  such a s  age s t r u c t u r e ,  d e n s i t y ,  

m o r t a l i t y ,  growth, and p o s i t i o n  i n  t h e  i n t e r t i d a l  zone. 

I wanted t o  know when t h e  nudibranchs were reproducing, 

how f a s t  they  grew, how long they  l i v e d  and what caused 

them t o  f l u c t u a t e  i n  numbers. Poss ib le  answers t o  t h e  

ques t ion  of why do nudibranchs f l u c t u a t e  i n  numbers, were 

t h a t  they  were h id ing ,  migra t ing ,  o r  dying (due t o  lack  of 

food , phys ica l  f a c t o r s ,  p reda t ion ,  pos t reproduct ive  mor- 

t a l i t y ,  o r  a  combination of s e v e r a l  f a c t o r s ) .  What t h e  

r e l a t i o n s h i p  was between A_. montereyensis and i t s  food . 
supply p a r t i c u l a r l y  i n t e r e s t e d  me. Because of t h e i r  



s p e c i f i c i t y  t o  t h e i r  prey,  food supply may inf luence  l i f e  

cyc le  c h a r a c t e r i s t i c s  and popula t ion  dynamics. To o b t a i n  

d a t a  on these  ques t ions ,  I monitored t h e  populat ion i n  

one p a r t i c u l a r  a r e a  r e g u l a r l y  f o r  a year  and a h a l f ,  and 

a  popula t ion  i n  a  c o n t r a s t i n g  a r e a  f o r  a  s h o r t  time. The 

nudibranchs were counted, measured and the  spawn noted.  

To t e s t  the theory  of migra t ion ,  t h e  p o s i t i o n s  of t h e  

animals i n  t h e  i n t e r t i d a l  were recorded and scuba d ives  

made below t h e  s tudy a r e a s .  To t e s t  f o r  t h e  e f f e c t s  of 

food a s  a  p o s s i b l e  l i m i t i n g  f a c t o r  i n  d i s t r i b u t i o n  and 

abundance, a  record was kept  of sponge f l u c t u a t i o n s  and 

t h e  two experiments were performed i n  the f i e l d .  To s t )  

t h e  e f f e c t s  of temperature and d e s i c c a t i o n ' o n  m o r t a l i t y ,  

an experiment was performed i n  the  l abora to ry .  Some i n -  

c i d e n t a l  information on the  l i f e  c y c l e s  of a few o t h e r  

s p e c i e s  was obtained during t h e  course of t h i s  s tudy.  



MATERIALS AND METHODS 

Populat ion Studies  

Population c h a r a c t e r i s t i c s  and behsviour of 

Archidor is  montereyensis were followed a t  two f ixed  f i e l d  

s i t e s  i n  t h e  rocky i n t e r t i d a l  zone on Vancouver I s l a n d ,  

B r i t i s h  Columbia. The p r i n c i p a l  s i t e  was a t  L a n t z v i l l e ,  

which i s  on t h e  s h e l t e r e d  shore of t h e  S t r a i t  of Georgia; 

t h e  o t h e r  was near  Bamf i e l d  on t h e  wave-exposed ou te r  c o a s t  

(Fig.  2 )  . The Lan tzv i l l e  s i t e  was s e l e c t e d  z f t e r  searching  

t h e  c o a s t l i n e  on the  mainland and Vancouver I s l and  f o r  a n  

a c c e s s i b l e  a r e a  which supported a  l a r g e  enough number of 

nudibranchs f o r  a  populat ion s tudy.  The Bamfield s i t e  was 

chosen t o  al low comparisons between two a r e a s  having d i f -  

f e r e n t  environmental  and popula t ion  c h a r a c t e r i s t i c s .  

Permanent g r i d s  - four  a t  L a n t z v i l l e ,  one a t  

Bamfield - were made by marking square meter a r e a s  with . 

n a i l s  f i r e d  i n t o  the  rock wi th  a  cement gun. This low v e l -  

o c i t y  cement gun (Omark #724) f i r e d  n a i l s  by exploding 2 2  

c a l i b r e  b lanks .  The depth t h a t  t h e  n a i l  en tered  t h e  rock 

could be ad jus ted  s o  t h a t  where t h e  rock was nea r ly  v e r t i -  

c a l ,  t he  n a i l s  s tuck  o u t ,  g iv ing  a  p lace  t o  hang a  p l e x i -  



Figure  2 .  Locat ion o f  t h e  two s tudy  a r e a s ,  L a n t z v i l l e  

and Bamfield on Vancouver I s l a n d  (from 

Grant -Mann Li thographers  Ltd . ) , 





g l a s s  g r i d .  This p o r t a b l e  g r i d  (Fig.  4 a )  had an i n s i d e  

diameter  of one square meter and was subdivided i n t o  100 

1-dm squares ,  each i d e n t i f i e d  by a number and a l e t t e r  f o r  

co-ordina tes  . 

Twice a month, a t  t h e  lowest t i d e s ,  t h e  nuniber 

and p o s i t i o n s  of a l l  nudibranchs w i t h i n  the  g r i d s  were 

recorded.  The l eng th  of each animal was measured t o  t h e  

n e a r e s t  mrn -- i n  s i t u  wi th  a p a i r  of d i v i d e r s .  S ize  was t h e  

only a v a i l a b l e  means of e s t ima t ing  t h e  age of t h e  nudi- 

branchs.  For convenience, t h e  animals were c l a s s i f i e d  a s  ' 

young (under 1 cm), juveni le  (1-3 cm), o r  a d u l t  (over 3 cm) . 

Although these  c l a s s e s  a r e  a r b i t r a r y ,  they  were chosen be- 

cause 1 cm was t h e  s i z e  a t  which Archidor is  montereyensis 

became r e a d i l y  conspicuous i n  t h e i r  n a t u r a l  h a b i t a t ,  and 

3 cm i s  approximately t h e  s i z e  a t  which t h e  animals became 

s e x u a l l y  mature. These d i v i s i o n s  may no t  apply t o  t h e  s i z e  

range of A_. montereyensis on s i t e s  o the r  than a t  L a n t z v i l l e .  

Copulation and spawning were noted,  and t h e  p o s i t i o n  and 

s i z e  of spawn, i f  p resen t ,  were recorded.  Data were ob- 

t a ined  a t  L a n t z v i l l e  from May, 1969 t o  October, 1970 and a t  

Bamfield from May, 1970 t o  September, 1970. 



Sponge cover (Halichondria panicea and Haliclona 

pe rmol l i s )  was completely es t imated  four  times a t  Lan tzv i l l e  

(February 5; A p r i l  24 and May 25; June 21 and Ju ly  1 7 ;  Sept- 

ember 1 2 )  and once ( Ju ly  19 and 2 1 )  a t  Bamfield. Each square 

of t h e  g r i d  was c l a s s i f i e d  according t o  v i s u a l  e s t i m a t e s  of  

t h e  a r e a  covered by sponge. The c l a s s e s  used were absen t ,  

s p a r s e  ( l e s s  than 1/3 c o v e r ) ,  moderate (1/3 t o  2/3 c o v e r ) ,  

and heavy (2/3 t o  complete cover)  . 
Scuba d iv ing  was used occas iona l ly  t o  s tudy t h e  

g r i d  s i t e s  when submerged and t o  check f o r  t h e  presence of 

Archidor is  monterevensis below the  g r i d  a r e a s .  

Descr ip t ion  of  Study S i t e s  

The four  g r i d  s i t e s  a t  Lan tzv i l l e  (Figs .  3 ,  4)  

var ied  i n  a r e a  t o  include t h e  m a j o r i t y  of nudibranchs p re -  

s e n t  when t h e  survey began (Table 1). Each g r i d  s i t e  w a s  

on a v e r t i c a l  c l i f f  of hard sandstone which i s  only ex- 

posed a t  s p r i n g  t i d e s .  Above t h e  c l i f f s  i s  a g rave l  sand 

beach, and below them a long, sandy beach. S i t e s  I and I1 

were on t h e  e a s t  s i d e  of Blunden Bay, s i t e s  I11 and I V  were 

on t h e  west s i d e  of Blunden Poin t .  The t o p  of each s i t e  

I * was covered by Fucus =., b u t  t h e  v e r t i c a l  su r face  had an 
"* . 



Figure 3 .  Map of Lan tzv i l l e  (A) and a e r i a l  

photograph (B) showing t h e  l o c a t i o n  

of t h e  four  s tudy s i t e s  (map from 

Canadian Hydrographic Service #3 577 ; 

photo #7075-228 from B r i t i s h  Colunibia 

Lands Se rv ice )  . 





Figure 4. G r i d  s i t e s  a t  Lan tzv i l l e .  

A.  Por t ion  of s i t e  1 wi th  g r i d  i n  

p o s i t i o n .  

B. Por t ion  of s i t e  2 .  

C. S i t e  3 .  The bare a rea  a t  t h e  

bottom i s  the  r e s u l t  of sand 

b l a s t i n g  by storms. 

D. S i t e 4 .  

Photos by Ron Long, June, 1970 .  





Table 1. Physical characteristics of the 

grid sites at Lantzville and Bamfield. 

Width Length Tidal ht. Tidal ht. 

Site (m) (d Direction top (m) bottom (m) 

Lantzville 1 5 1.9 NW 3.09 1.15 

3 3 1.5 N 2.72 1.25 

4 2 2.3 N 4.66 2.40 

Barnfield 1 2 9 .O W 2.60 1.00 



many smal l  red  and green a l g a e ,  among which Cladophora, 

Cryptos iphonia , Gelidium, Plocamium, and Rhodome l a  were 

i d e n t i f i e d .  The upper p o r t i o n  of a l l  s i t e s  had a patchy 

d i s t r i b u t i o n  of Balanus q landula ,  and s i t e s  I11 and I V  had 

i n  a d d i t i o n ,  Mytilus e d u l i s .  The middle and lower s e c t i o n s  

had l i t t l e  conspicuous animal l i f e .  There were a few anemo- 

nes (Metridium s e n i l e )  , t u n i c a t e s  , and s t a r f i s h  ( P i s a s t e r  

ochraceus) .  Closer inspec t ion  revealed a covering of hyd- 

r o i d s ,  and a t h i n  l aye r  of t h e  sponges, Halichondria pani -  

cea and Haliclona permol l i s .  - 

A t  Bamfield, one g r i d  s i t e  was chosen on exposed 

c o a s t  a t  "Nudibranch Point"  (Figs .  5 ,  6)  . The a rea  s e l e c t e d  

was of g e n t l y  s lop ing  b a s a l t i c  rock which descended unevenly 

from t h e  i n t e r t i d a l  zone t o  a depth of 16 m below 0 datum. 

The sample g r i d  s i t e  a rea  began j u s t  below t h e  Fucus zone. 

The top  four  meters (measured along t h e  s lope)  were covered 

wi th  Cora l l ina  9.; t h e  lower f i v e  meters  had Laminaria 

s e t c h e l l i i  a s  the  dominant p l a n t .  I n  t h e  upper and mid- 

r eg ions ,  s t a r f i s h  ( P i s a s t e r  ochraceus) , gooseneck barnacles  

( P o l l i c i p e s  polymerus),  mussels (Mytilus c a l i f o r n i a n u s )  , 

and the  hydrocoral  (Allopora) were predominant. The sponge 

Halichondria panicea was p r e s e n t  throughout t h e  s tudy s i t e ,  

bu t  was most abundant i n  t h e  middle r eg ion  where it covered 



Figure 5 .  Map of Bamfield (A) showing t h e  l o c a t i o n  

of t h e  s tudy  a r e a ,  "Nudibranch Po in t " .  

A e r i a l  photograph (B) showing t h e  l o c a t i o n  

of t h e  g r i d  s i t e  ( G ) ,  fence experiment (F)  

and cage experiment ( C )  (map #3637 from 

Canadian Hydrographic Service ;  photo 

#7238-180 from B r i t i s h  Columbia Lands 

Service)  . 





F i g u r e  6 ,  Grid site a t  Barnfield.  

Photo by Stoner  B .  Haven, August, 1971.  





t h e  rock between t h e  Laminaria t o  a  depth of s e v e r a l  c e n t i -  

meters .  The lowest two meters ,  which were submerged except  

by t h e  lowest sp r ing  t i d e s ,  had l a r g e  co lon ies  of t u n i c a t e s .  

Markinq Animals 

Animals were marked i n  f i e l d  experiments and on a  

few of t h e  permanent g r i d s .  Since nudibranchs have a  d e l i -  

c a t e  mantle and no s h e l l ,  i t  was impossible t o  mark t h e  

animals by a t t a c h i n g  l a b e l s  t o  them. I n s t e a d ,  a  number of 

v i t a l  s t a i n s  were t e s t e d  : Nile Blue Sulphate , Methylene 

Blue, Trypan Blue, Janus Green and Neutral  Red. Only Neutral  

Red was s u c c e s s f u l .  This dye, when appl ied  t o  an Archidor is  

montereyensis -- i n  s i t u  wi th  a  "Q-t ip"  (cot ton-t ipped swab) , 

penet ra ted  t h e  mucous covering,  leaving  a  r ed  patch on t h e  

s k i n .  Marks could be placed on d i f f e r e n t  p a r t s  of t h e  nudi- 

branch i n  order  t o  d i s t i n g u i s h  one i n d i v i d u a l  from another .  

Animals i n  t h e  l abora to ry  r e t a i n e d  t h e i r  markings f o r  a s  

long a s  four  months with no apparent  s i d e  e f f e c t s .  The 

markings were s t i l l  d i s t i n g u i s h a b l e  when t h e  animals d ied  

(from causes unre la ted  t o  s t a i n i n g )  and it i s  poss ib le  t h e  

s t a i n  would be e f f e c t i v e  f o r  longer  pe r iods .  I n  the  f i e l d ,  i 



months, but  s ince  they disappeared a t  t h e  same time a s  un- 

marked nudibranchs of t h e  same s i z e ,  it does not  appear 

t h a t  t h e  markings caused t h e i r  disappearance.  

F i e l d  Experiments 

Two f i e l d  experiments were performed a t  Bamf i e  l d  

using fenced a r e a s  and marked nudibranchs.  The experimental  

s i t e s  were near  t h e  permanent g r i d  s i t e  a t  "Nudibranch 

Poin t"  (Fig.  5 )  . 

The f i r s t  experiment,  designed t o  t e s t  t h e  r e -  

l a t i o n s h i p  between nudibranch movements and t h e  amount of 

food p resen t ,  u t i l i z e d  a heavy sponge pa tch  divided i n  two 

by a long wire mesh fence o r i en ted  pe rpend icu la r ly  t o  the  

sea  which prevented nudibranchs from c r o s s i n g  from one side'  

t o  t h e  o t h e r .  This was a t  an i n t e r t i d a l  he igh t  of 1.2 

meters above 0 datum on b a s a l t i c  rock s lop ing  s l i g h t l y  t o  

t h e  sea  i n  a d i r e c t  l i n e  wi th  t h e  heavy s u r f .  The fence 

was made from s t a i n l e s s  s t e e l  mesh, t e n  s t r a n d s  t o  t h e  inch  

and was 40 cm long and 8 cm h igh ,  wi th  a 3 cm base.  To a t -  

t a c h  t h e  fence ,  t h e  rock was scraped c lean  wi th  a s p a t u l a  

and a t h i c k  coa t ing  of "Sea-Go-In" epoxy p u t t y  #I324 (Per- 
6 .  

E 



on wet rock s u r f a c e s ,  was app l i ed  t o  t h e  rock and t o  t h e  

base of t h e  fence.  The fence was then  pressed t o  t h e  rock 

and moulded t o  i t s  contours .  Na i l s  were f i r e d  from a con- 

c r e t e  gun through the  base of t h e  fence i n t o  t h e  rock t o  

a t t a c h  t h e  fence secure ly .  Any remaining gaps were f i l l e d  

w i t h  p u t t y .  

A l l  sponge and o t h e r  organisms were removed from 

one s i d e  of t h e  fence wi th  a s p a t u l a .  Nudibranchs and 

l a r g e  organisms were removed from t h e  o the r  s i d e .  Twenty 

Archidor is  montereyensis were c o l l e c t e d  nearby and marked 

wi th  Neut ra l  Red, h a l f  on t h e  l e f t  s i d e  of t h e  body, and 

h a l f  on t h e  r i g h t .  Those marked on t h e  r i g h t  were placed 

i n  t h e  c l e a r e d  a r e a ,  1 2  t o  2 5  cm from t h e  fence and 4 t o  

14 cm up from a re fe rence  p o i n t  marked on t h e  fence.  The 

o the r  nudibranchs were placed t h e  same d i s t a n c e  away from 

t h e  fence on t h e  s i d e  wi th  sponge. The animals r e c o i l e d  

upon con tac t  wi th  the  s u b s t r a t e  and were washed away by 

t h e  s u r f  unless  a t h i n  stream of water  was poured on them 

from a bucket ,  and t h e  flow gradua l ly  increased t o  a bucket- 

f u l  dropped from s e v e r a l  f e e t .  Once a t t ached ,  t h e  twenty 

nudibranchs were examined twice a day a t  low t i d e  f o r  t h e  

t h r e e  remaining days t h a t  t i d e s  were low enough t o  expose 



them, and t h e  d i s t ance  and d i r e c t i o n  moved was recorded by 

measuring from t h e  re fe rence  p o i n t  wi th  a r u l e r .  

The second experiment,  which t e s t e d  the  e f f e c t  of 

nudibranch feeding on the  sponge cover ,  used a sponge pa tch  

on t h e  v e r t i c a l  w a l l  of a surge channel ,  subjected t o  heavy 

s u r f  a t  an i n t e r t i d a l  he igh t  of 1.1 meters above 0 datum. 

A r e c t a n g u l a r  cage 8 cm high ,  34.5 cm long and 3 2  cm wide, 

i n s i d e  dimensions, was made by l a sh ing  four  s t r i p s  of wire  

mesh toge the r  wi th  nylon f i s h i n g  l i n e ,  and bending the  bo t -  

tom t o  t h e  ou t s ide  t o  form a base .  Another s t r i p  was lashed 

s o  it div ided  t h e  cage i n  two lengthwise,  forming upper and 

lower compartments conta in ing  sponge. The cage was a t t ached  

i n  t h e  same manner a s  descr ibed f o r  t h e  fence.  

Sponge volume i n  t h e  upper and lower r e c t a n g l e s  

was es t imated  by measuring t h e  depth  a t  2 0  random p o i n t s ,  

determined by choosing co-ordinates  from a t a b l e  of random 

numbers. Five Archidor is  montereyensis were measured wi th  

d i v i d e r s ,  marked wi th  Neutral  Red s o  they  could be ind iv id -  

u a l l y  d i s t i n g u i s h e d ,  and a t t ached  t o  t h e  sponge i n  the  upper 

s e c t i o n .  The l o ~ e r  s e c t i o n  was t h e  c o n t r o l .  The top  of 

t h e  cage was covered with nylon screening  sewn t o  t h e  wire  

mesh wi th  nylon f i s h i n g  l i n e  t o  exclude p reda to r s  and con ta in  



t h e  nudibranchs.  The t o p  could be removed t o  examine t h e  

cage c o n t e n t s .  The cage was examined twice a day f o r  a 

per iod  of t h r e e  days and t h e  a r e a  c l ea red  of sponge by t h e  

nudibranchs was measured by drawing t h e  shape of the  a r e a  

and t a k i n g  measurements of t h e  area wi th  d i v i d e r s .  

Desiccat ion Experiments 

Two labora to ry  experiments t e s t e d  the  e f f e c t s  of 

d e s i c c a t i o n  on Archidor is  montereyensis.  Animals were c o l -  

l e c t e d  i n  t h e  f i e l d  and kep t  a t  ~ O C  i n  an aquarium f o r  two 

days.  The animals were i n d i v i d u a l l y  b l o t t e d  wi th  cheese- 

c l o t h ,  placed i n  p l a s t i c  p e t r i  d i s h e s ,  and weighed t o  the  

n e a r e s t  mg. Experimental animals were then placed i n  Sherer  

c o n t r o l l e d  environment chambers under t h r e e  temperature 

regimes and kept  a t  a cons tan t  r e l a t i v e  humidity of 75%, 

c o n t r o l  animals were kept i n  t h e  aquarium a t  8' C .  I n  

t h e  f i r s t  experiment t e n  groups of t e n  animals each were 

used; a c o n t r o l  group, and t h r e e  experimental  groups a t  each 

of t h r e e  temperature regimes, 16' , 2 lo , and 27OC. One group 

was removed from each of t h e  chambers a f t e r  four  hours ,  a 

second a f t e r  s i x  hours and t h e  l a s t  a f t e r  e i g h t  hours .  

Upon removal, t h e  t e n  animals i n  each group and the  p e t r i  



d i s h  were b l o t t e d  with cheesec lo th  and weighed. The groups 

were s taggered 1/2 hour a p a r t  t o  a l low enough time f o r  the  

weighings.  The animals were then  re turned  t o  the  8 ' ~  aquar- 

i u m  and checked f o r  recovery e igh teen  hours l a t e r .  The sec -  

ond experiment followed the  same procedure a s  the  f i r s t ,  

b u t  only t h i r t y  animals were used, t e n  a s  a c o n t r o l ,  t e n  a t  

16'~ and t e n  a t  21•‹c. A l l  animals were exposed f o r  s i x  

hours .  

The t imes and temperatures  used i n  the  f i r s t  ex- 

periment were chosen t o  bracket  t h e  n a t u r a l  condi t ions  found 

dur ing  t h e  lowest summer t i d e s  i n  June, 1969 where nudibranchs 

were exposed f o r  a t  l e a s t  s i x  hours t h r e e  days i n  success ion  

t o  a i r  temperatures  from 18 t o  2 3 ' ~  a t  a humidity of 75%. 

During t h i s  per iod the  popula t ion  dec l ined  g r e a t l y .  The sec-  

ond experiment was designed t o  approximate t h e  n a t u r a l  ex- 

posure time of s i x  hours wi th  temperatures  of 16 and 2 1 ' ~ .  



RESULTS 

F ie ld  Population Studies  

F luc tua t ions  i n  population Size and Aqe composition 

F luc tua t ions  i n  popula t ion  s i z e  of Archidor is  

montereyensis a t  Lan tzv i l l e  from May, 1969 t o  October, 1970 

a r e  shown i n  Fig .  7 .  Both short- term and l a rge  year-to-year 

v a r i a t i o n s  were ev iden t .  Numbers were h ighes t  i n  t h e  s p r i n g  

of 1969, b u t  underwent a  d r a s t i c  d e c l i n e  i n  June. The pop- 

u l a t i o n  never reached t h e  numbers found i n  May-June, 1969 

dur ing  t h e  r e s t  of t h e  e igh teen  month s tudy,  a l though by 
@ 

I ate f a l l ;  1969, n u ~ b e r s  had I x r z a s e d  cons iderabiy  . Tne 

popula t ion  s i z e  f l u c t u a t e d  l i t t l e  throughout the  winter  and 

s p r i n g  of 1970 u n t i l  June, when numbers began t o  s t e a d i l y  

d e c l i n e  t o  a  low of t h r e e  nudibranchs i n  August. I n  t h e  

autumn t h e  popula t ion  increased s l i g h t l y .  The maximum num- 

b e r s  i n  June, 1969 represented  a populat ion d e n s i t y  of 10.9 

2 2 
per  m over t h e  21.9 m g r i d  a r e a ;  the  minimum d e n s i t y  i n  

2 
August, 1970 was 0 . 1  p e r  m . 

Examination of t h e  1969 s p r i n g  populat ion peak 

(Fig.  8)  r e v e a l s  t h a t  t h e  ma jo r i ty  of t h e  nudibranchs were 

under one cent imeter  i n  length .  Many animals were unde; 5 

mm and were d i f f i c u l t  t o  spot  i n  t h e  a l g a l  growth on the  



Figure 7 .  The t o t a l  number of Ar'chidoris 

montereyensis found on the  g r i d  

s i t e s  a t  L a n t z v i l l e ,  1969-70. 





~ i g u r e  8 .  Size-frequency d i s t r i b u t i o n s  of Archidor is  

montereyensis a t  L a n t z v i l l e ,  1969-70. 

Occasiorlaiiy, a d u i t s  recognizable  from 

previous counts  were spo t t ed  j u s t  o f f  the  

g r i d  s i t e s .  A s t e r i s k s  denote d a t e s  when 

t h i s  r e s u l t e d  i n  a  lack of a d u l t s  on t h e  

g r i d  s i t e s .  
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rocks .  Undoubtedly t h e r e  were more i n  t h i s  a r e a  than  were 

found. Although t h e  c r a s h  i n  June, 1969 a f f e c t e d  a l l  s i z e s  

of nudibranchs,  some i n d i v i d u a l s  under two cm remained. The 

few i n d i v i d u a l s  found i n  October cons i s t ed  of juveni les  and 

a d u l t s ,  ~ r o b a b l y r e p r e s e n t i n g  growth of the  animals p resen t  i n  

Ju ly ,  bu t  young were absent .  Young appeared i n  November, 

i n c r e a s i n g  t h e  t o t a l  numbers of nudibranchs,  b u t  the  l a r g e r  

specimens began t o  d isappear  throughout t h e  w i n t e r .  Enough 

mature i n d i v i d u a l s  remained t o  account f o r  some spawn ap- 

pea r ing  a l l  w i n t e r .  There was a l a r g e  se t t l ement  v i s i b l e  

from l a t e  February t o  May which was balanced by t h e  d i s -  

appearance of more juveni les  and a d u l t s .  The d e c l i n e  i n  

numbers from June t o  September was not  d i f f e r e n t i a l  a s  it 

w a s  i n  1969. Although a l l  s i z e  c l a s s e s  were a f f e c t e d ,  

by J u l y  no young under 1 cm were found on the  g r i d  s i t e s  

and very few juveni les  and a d u l t s .  I n  September the  s l i g h t  

inc rease  can be asc r ibed  t o  new s e t t l e m e n t .  

The Barnfield popula t ion  a t  "Nudibranch Point " 

dur ing  May t o  August, 1970 showed a d e c l i n e  i n  numbers s i m -  

i l a r  t o  t h a t  found during t h i s  per iod  a t  Lan tzv i l l e  (Fig.  9) . 
2 

With a g r i d  a r e a  of 9.0 m , popula t ion  d e n s i t y  dec l ined  

2 2 
from 3 .!, per  rn t o  0.7 per  m . The d e c l i n e  covered all s i z e  



F i g u r e  9 .  Total numbers of Archidoris montereyensis 

on the 9rFd s i t e  at Barnfield, 1975. 





c l a s s e s  p resen t  i n  May (Fig.  1 0 ) .  No nudibranchs were 

found on the  Bamfield s tudy s i t e  under 2 cm. 

The most s t r i k i n g  d i f f e r e n c e  between t h e  two 

a r e a s  i n  the  summer, 1970 was t h a t  a t  Bamfield, Archidor is  

montereyensis was l a r g e r  and more abundant. There was an 

average d e n s i t y  of 1.1 p e r  m2 a t  Bamfield compared t o  0 - 6  

2 
p e r  m a t  L a n t z v i l l e ,  and a maximum leng th  of 8 cm a t  

Bamfield compared t o  5 cm a t  Lan tzv i l l e  (Fig.  11) . 

V e r t i c a l  I n t e r t i d a l  D i s t r i b u t i o n :  Numbers, Aqe, Season 

The i n t e r t i d a l  he igh t  of each nudibranch was 

recorded and t h e  frequency a t  each he igh t  was p l o t t e d  f o r  

d i f f e r e n t  seasons t o  f ind out  i f  t h e r e  was any seasonal  

v a r i a t i o n  i n  t h e  v e r t i c a l  p o s i t i o n  of t h e  populat ion a t  

L a n t z v i l l e  (Fig.  1 2 )  . An a n a l y s i s  of var iance was c a r r i e d  

out   a able 2 )  . This revealed t h a t  the  d i s t r i b u t i o n  of A r -  

c h i d o r i s  montereyensis v a r i e s  s i g n i f i c a n t l y  with i n t e r t i d a l  

h e i g h t  (p < ,001) . The o v e r a l l  v e r t i c a l  frequency curve 

was t h e  same f o r  each season (p > . 05 ) ,  and the  frequency 

a t  each h e i g h t  a l s o  remained t h e  same throughout the  year 



Figure 10, ' S i z e  f r q n ~ f i c y  C ? i ~ . t ~ i h ! ~ t i ~ ) m . ~  cf 

Archidoris montereyensis on the 

grid site at Bamfield, 1970. 
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Figure  11. Comparison of t h e  sponge cove r  ( b a r s )  

w i t h  i n d i v i d u a l  s i z e  range ( l i n e s )  and 

p o p u l a t i o n  d e n s i t y  of nudibranchs  between 

L a n t z v i l l e  and Bamfield i n  t h e  summer of  

1970. 
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Figure 1 2 .  Seasonal v e r t i c a l  d i s t r i b u t i o n  of 

Archidor is  montereyensis a t  L a n t z v i l l e  . 
Curves show percent  of popula t ion  occur- 

r i n g  a t  each i n t e r t i d a l  h e i g h t .  
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Table  2.  A n a l y s i s  of v a r i a n c e  (F t e s t )  o f  t h e  % f requency  o f  

A r c h i d o r i s  monte reyens i s  a t  1 0  i n t e r t i d a l  h e i g h t s  

and 4 s e a s o n s .  

Source  of Means of Degrees of F C r i t i c a l  v a l u e s  

v a r i a t i o n  s q u a r e s  freedom r a t i o  of F r a t i o  P r o b a b i l i t y  

Between samples  2446.444 39 

i n t e r t i d a l  h e i g h t s  10515.063 9 338.4993 338.499 >4.02 P - <0.001 

s e a s o n s  28.500 3 0.9175 .918 <2.84 P - >0.05 

s e a s o n s  and h e i g h t s  25.565 2 7 0.8230 .823 C1.76 P - >0.05 

Within samples  31.064 4 0 



(p  > . 05 ) .  This i n d i c a t e s  t h a t  f o r  the  year  s tud ied  t h e r e  

was no seasonal  change i n  t h e  v e r t i c a l  range of the  popula- 

t i o n  nor i n  t h e  r e l a t i v e  d i s t r i b u t i o n  wi th in  t h i s  range. 

Peak numbers were never a t  t h e  lowest por t ion  of t h e  g r i d  

s i t e s .  Thus, no downward s h i f t  took p l a c e .  

To check whether t h e  popula t ion  continued below 

t h e  v e r t i c a l  he igh t  a c c e s s i b l e  a t  l o w  t i d e ,  scuba d ives  were 

made i n  June, 1969 and A p r i l ,  1970. Archidor is  montereyen- 

sis was no t  found on t h e  s h i f t i n g  sand below the  g r i d  s i t e s .  

A t  Blunden P o i n t ,  where t h e  rocky r e e f  extended t o  a depth 

of 4 meters  below z e r o  datum, A_. montereyensis was found 

occupying a narrow zone near  t h e  t o p  of t h e  r e e f ,  which 

corresponded t o  t h e  i n t e r t i d a l  h e i g h t s  of t h e  g r i d  s i t e s .  

No A_. montereyensis were observed i n  t h e  s u b t i d a l  a r e a s .  

The Bamfield popula t ion  l ikewise  showed no down- 

ward s h i f t  a s  numbers diminished. The smal l e s t  populat ion 

completely sampled (August 16, 1970) d i d  no t  have any nudi- 

branchs on t h e  lowest 2 meters .  

The populat ion a t  L a n t z v i l l e  was broken down i n t o  

t h r e e  s i z e  c l a s s e s ,  and examined f o r  each season a t  t h r e e  

h e i g h t s  (F ig .  1 3 ) .  This was t o  see  i f  s i z e  was r e l a t e d  t o  

season and v e r t i c a l  p o s i t i o n  i n  t h e  i n t e r t i d a l  zone. I n  t h e  



Figure  Frequency a t  d i f f e r e n t  seasons  (1969-70) of 

Young ( Y ) ,  J u v e n i l e s  (J) and Adul t s  (A)  

a t  t h r e e  i n t e r t i d a l  h e i g h t s  a t  L a n t z v i l l e .  

Bars a r e  p e r c e n t s  of t h e  t o t a l  popu la t ion  

p r e s e n t  i n  a g iven  season.  
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s p r i n g ,  the  bulk of t h e  nudibranchs (45%) were young, i n  

t h e  summer 50% were juven i l e s ,  t h e  f a l l  populat ion was 

comprised of 42% a d u l t s ,  and i n  the  win te r  51% of t h e  

popula t ion  were juven i l e s .  I n  propor t ion  t o  the  number of 

nudibranchs occurr ing a t  each h e i g h t ,  a chi-square analy-  

s is  (Table 3 )  i nd ica ted  t h a t  i n  the  sp r ing  t h e r e  were more 

young a t  t h e  bottom of t h e  g r i d  s i t e  than a t  the  top .  

The f a l l  d a t a  a l s o  showed t h i s  t rend  f o r  young t o  occur 

on the  low o r  the  mid-portion r a t h e r  than on the  top .  

This was no t  the  case i n  t h e  summer and t h e  win te r ,  when 

t h e  young appeared i n  t h e  same propor t ion  a t  a l l  t h r e e  

h e i g h t s .  Since recru i tment  a t  these  t imes was gradual ,  

no t  sporadic  a s  i n  the  s p r i n g  and f a l l ,  t h e  young had time 

t o  d i s p e r s e  i n t o  t h e  upper zone. The only o t h e r  s i g n i f i -  

c a n t  change was a  g r e a t e r  propor t ion  of a d u l t s  on the  top  

i n  the  s p r i n g  which, cons ider ing  t h e i r  small  numbers a t  

t h i s  t ime,  probably r e f l e c t s  a  gregar ious  grouping which 

remained f o r  a  few months. One d i f f e r e n c e  which cannot be 

explained i s  the  lower propor t ion  of juveni les  i n  t h e  f a l l  

i n  the  popula t ion  a t  the  bottom of t h e  g r i d  when compared 

wi th  t h e  t o p .  



Table 3. Chi-square analysis of frequency differences 

at three intertidal heights at Lantzville. 

The animals were separated as to size (Young 

c.5 cm, Juveniles < 3 cm, Adults > 3 cm) and 

grouped into four seasons. 

Age Heights Compared Spring Summer Fall Winter 

Young low and medium 

low and high 

medium and high 

Juvenile low and medium 

low and high 

medium and high 

Adults low and medium 

low and high 

medium and high 

N = no significant difference, P >.05 d.f. = 1 



I n d i v i d u a l  Movements 

Examination of t h e  movement p a t t e r n s  of ind iv id -  

ua l  nudibranchs was done by measuring the  n e t  d i s t a n c e  

covered by marked animals be tween observat ions  and by 

observat ion  of d i s t i n c t i v e  groups.  The marked a d u l t  nudi- 

branchs exh ib i t ed  cons iderable  l a t e r a l  movement but  l i t t l e  

v e r t i c a l  movement, averaging 108 cm n e t  h o r i z o n t a l  movement 

i n  two weeks, bu t  only 18 cm v e r t i c a l  movement. Since A r -  - 

c h i d o r i s  montereyensis was observed t o  move r a p i d l y  enough 

t o  cover  these  d i s t a n c e s  i n  a s i n g l e  h igh  t i d e ,  it appears  

t o  lead a f a i r l y  sedentary  l i f e .  However, t h e  a c t u a l  

movements between observat ions  were unknown. The nudi- 

branchs r a r e l y  moved a t  a l l  when exposed by low t i d e s .  

When t h e r e  were few nudibranchs,  i n d i v i d u a l s  i n  

small  groups could be recognized a s  remaining near the  same 

l o c a l e  f o r  s e v e r a l  months. There were very few changes i n  

t h e s e  groups,  which appeared t o  be formed when the  animals 

were s e x u a l l y  mature.  Each nudibranch probably remained i n  

these  groups a s  long a s  i t  was i n  breeding  cond i t ion ,  laying 

i t s  eggs nearby. The l o c a l e s  chosen f o r  many of  these  groups 

appeared t o  have a p r o t e c t i v e  func t ion .  Several  a reas  were 

shaded and had water  runoff from h igh  t i d e  pools .  This 

m o i s t ~ r e  would se rve  t o  prevent  d e s i c ~ a t i o n ' d u r i n ~  the  iow 

t i d e s  which occurred dur ing  the  day i n  t h e  s p r i n g  and 



if any, must have taken p lace  a t  high t i d e .  Generally, the 

nudibranchs re turned  t o  the  same s h e l t e r  b u t  sometimes they  

were found i n  a new s h e l t e r .  These groupings were always of 

l a r g e  a d u l t s  and the  i n d i v i d u a l s  disappeared wi th in  a few 

months. Young and juveni les  d i d  not  form l a s t i n g  groups, 

bu t  i n d i v i d u a l s  were o f t en  spo t t ed  s e v e r a l  t imes under the  

same a l g a  o r  i n  the  same c rack .  

Reproductive A c t i v i t y  

Reproduction of these  hermaphroditic animals was 

assessed  by t h e  number of copula t ing  p a i r s ,  spawn, and r e -  

c e n t l y  s e t t l e d  nudibranchs l e s s  than  5 mrn i n  l eng th .  P a i r -  

i n g  probably always took p lace  a t  h igh  t i d e  when t h e  nudi- 

branchs were mobile,  bu t  i t  was no t  i n t e r r u p t e d  by low t i d e s  

and a number of copula t ing  p a i r s  were found-on the  g r i d  

s i t e s  a t  L a n t z v i l l e  and Bamfield. Copulation l a s t e d  the  

d u r a t i o n  of t h e  low t i d e  and sometimes p a i r s  were s t i l l  t o -  

g e t h e r  the  next  day. Thompson (1966) found Archidor is  

pseudoarqus t o  t y p i c a l l y  mate f o r  s e v e r a l  hours ,  b u t  F r e t t e r  

and Graham (1964) have noted prolonged mating i n  the  same 



s p e c i e s .  A f t e r  copula t ing ,  a  p a i r  of A_. montereyensis do 

no t  move f a r ,  and spawn, when depos i ted  s e v e r a l  days l a t e r ,  

was o f t e n  w i t h i n  10 cm of where copula t ion  took p lace .  The 

spawn of A_. montereyensis is  l a i d  i n  a  l a r g e ,  c o i l e d  j e l l y -  

l i k e  r ibbon on rocks where t h e r e  i s  vigorous wave a c t i o n  o r  

a  s t r o n g  c u r r e n t .  I t  i s  u s u a l l y  p a l e  cream i n  colour  and 

very  conspicuous t o  t h e  naked eye .  

I n  the  l abora to ry ,  animals d i f f e r i n g  i n  length  up 

t o  3 or  4  cm would copula te ,  bu t  i n  t h e  f i e l d  almost a l l  

p a i r s  were c l o s e l y  matched i n  s i z e .  The g r e a t e s t  d i sc rep-  

ancy was a  p a i r  a t  Bamfield measuring 4.9 cm and 7.4 cm i n  

l eng th .  The s m a l l e s t  ind iv idua l  found copula t ing  was 1.6 cm, 

bu t  t h e  average length  was 3 . 6  cm a t  Lan tzv i l l e  and 5 .1  cm 

a t  Bamfield. 

Since copula t ion  normally took p lace  i n  l e s s  than  

a  day, and spawn remained f o r  s e v e r a l  weeks, it is  reason- 

a b l e  t o  expect  fewer s i g h t i n g s  of copula t ion  than  of  egg 

masses. A t  Lan tzv i l l e  copula t ing  p a i r s  were found i n  A p r i l ,  

June and Ju ly ,  1970 (Fig .  14) . 

Archidor is  montereyens i s  was found t o  spawn 

throughout t h e  yea r .  The Lan tzv i l l e  g r i d  s i t e s  from October, 

1969 t o  October, 1970 had spawn presen t  every  month except  



Figure 14. Spawn (ba r s )  and nunber of copu la t ing  

p a i r s  (numerals) on t h e  L a n t z v i l l e  g r i d  

sj t e s  - NQ spa\.j.n o r  ~ ~ p i i l a i i r l y  p a i r s  

w e r e  found i n  the  e a r l i e r  samples (May, 

June, J u l y ,  1969) .  





December (Fig.  1 4 ) .  One copula t ing  p a i r  was found t h a t  

month, s o  t h e  r e s u l t i n g  egg masses were e i t h e r  l a i d  o f f  t h e  

g r i d  s i t e  o r  destroyed.  Spawning d i d  no t  occur t o  t h e  same 

e x t e n t  every month. There was a peak i n  t h e  number of spawn 

found i n  June, Ju ly  and August, and a  low bu t  s t eady  number 

of spawn throughout the  r e s t  of t h e  year .  

"Nudibranch Poin t"  had many copula t ing  and spawn- 

ing  Archidor is  montereyensis i n  A p r i l ,  1970 which sugges ts  

t h a t  massive spawning began e a r l i e r  than a t  Lan tzv i l l e  . 

Spawning was s t i l l  p reva len t  when t h e  g r i d  s i t e s  were s e t  up 

i n  May (Fig.  15) . The t r end  a t  t h e  Bamfield s i t e  c o r r e l a t e s  

wi th  t h a t  found a t  Lan tzv i l l e  a s  t h e r e  were a  l a rge  number 

of nudibranchs copula t ing  and spawning i n  the  summer, and 

t h i s  was reduced i n  the  f a l l .  For t h e  September d a t a ,  t h e  

d o t t e d  l i n e  i n  Figure 15 r e p r e s e n t s  a  pro-rated es t ima te  a s  

t h e  lower 1/3 of the  g r i d  s i t e  was no t  a c c e s s i b l e  because of 

s u r f .  Q u a l i t a t i v e  observat ions  made dur ing  t h e  win te r  and 

s p r i n g  of 1971-72 suggest  t h a t  t h e  l i f e  cyc le  a t  Bamfield shows 

g r e a t e r  seasonal  r e g u l a r i t y  than a t  L a n t z v i l l e ,  s i n c e  spawn- 

ing  was not  seen t o  occur dur ing  t h i s  pe r iod ,  and t h e  aver-  

age s i z e  of the  nudibranchs became p rogress ive ly  l a r g e r  from 

e a r l y  win te r  t o  l a t e  sp r ing ,  a l though cons iderable  v a r i a t i o n  



Figure 1 5 .  Spawn ( b a r s )  and number of copu la t ing  

p a i r s  (numerals) found on the Bamfield 

g r i d  s i t e .  September d a t a  i s  pro-rated 

(see t e x t ) .  





s t i l l  e x i s t e d .  

Growth Rates and Lonqevity 

Growth r a t e s  could n o t  be determined i n d i v i d u a l l y  

excep t  where marked animals  were used.  Small i n d i v i d u a l s  

could n o t  be marked s i n c e  t h e  s u r f a c e  a r e a  was t o o  s m a l l  t o  

pe rmi t  d i s c r e t e  s t a i n i n g  p a t t e r n s .  Adu l t s  tended t o  d i s -  

appea r ,  p robably  dy ing ,  s o  t h a t  t h e  growth r a t e s  ob ta ined  

were on ly  f o r  a  s h o r t  p e r i o d .  The average  growth r a t e  f o r  

marked a d u l t s  a t  L a n t z v i l l e ,  October - January ,  1969 - 70, 

was 0 .4  cm p e r  month (Table 4 ) .  The f a s t e s t  growth r a t e  was 

O .G ciii per m o i i i i i ,  iile siowesi; w d s  0 - 3  cm p e r  month. 

Growth r a t e s  of s m a l l  i n d i v i d u a l s  were e s t ima ted  

by fo l lowing  c o h o r t s  a s  long  as t h e y  remained d i s t i n g u i s h a b l e  

A c o h o r t  a t  L a n t z v i l l e  grew from a  mean l e n g t h  of 0 .65 cm t o  

1.28 cm from March - May, 1970, a  r a t e  of 0 .31  cm p e r  month 

( F i g .  16)  . This  r a t e  i s  a  minimum e s t i m a t e  s i n c e  some new 

young were d i scove red ,  and some of  t h e  l a r g e r  nudibranchs  

d i sappea red .  A s i m i l a r  e s t i m a t e  on Grid 1 between June 30 

and October 1 5 ,  1969, y i e l d e d  an  average  growth r a t e  of 0.69 

cm p e r  month, f o r  young growing from a  mean l e n g t h  of 0.75 

cm t o  3  . l 7  cm. Growth appea r s  t o  t a k e  p l a c e  i n  ~ r c h i d o i i s  



Table 4. Length (cm) of individually marked nudibranchs on 

the grid sites at Lantzville. 

* Nudibranch in crack-measurement incomplete. 



Figure 16.  Est imation of growth r a t e  i n  a cohor t  

of young nudibranchs . Line connects 

mean l eng ths  of each sample. Data a r e  

taken from Grid I ,  Lan tzv i l l e .  





-51- 

montereyensis a l l  year  around and a t  approximately t h e  same 

r a t e  f o r  small  and l a r g e  i n d i v i d u a l s ,  a l though more d a t a  

would be needed t o  d e t e c t  any small  d i f f e r e n c e s  due t o  age 

or  season.  

I f  we make no allowances f o r  t h e  e f f e c t  of age o r  

season on growth r a t e s ,  i n  one year  a  nudibranch could grow 

t o  a  l eng th  between 3.72 and 7.28 cm. Since a t  Lan tzv i l l e ,  

t h e  l a r g e s t  nudibranch found was 5.7 cm, and nudibranchs 3 

cm long were spawning, Archidor is  montereyensis appears t o  

reach  sexua l  ma tu r i ty  i n  l e s s  than one yea r .  

An es t ima te  of t h e  l i f e  span of Archidoris  m x -  

t e r e y e n s i s  was made from d a t a  obta ined  a t  Lan tzv i l l e .  Only 

young nudibranchs and no spawn were p r e s e n t  i n  June and Ju ly ,  

1969 (Fig.  8 ) .  By October, 1969, spawning a d u l t s ,  presum- 

a b l y  the  now mature June-July young, were p r e s e n t .  This 

genera t ion  disappeared by March,1970, a s  can be seen from 

the  s i z e s  of nudibranchs on t h e  i n d i v i d u a l  g r i d  s i t e s  (Ap- 

pendix I ) .  Young which s e t t l e d  by November, 1969, began 

spawning i n  March, 1970, and nea r ly  a l l  of  the  a d u l t s  d i s -  

appeared i n  March, a l though a  few were p r e s e n t  u n t i l  J u l y .  

A March recru i tment  underwent a  l a r g e  summer m o r t a l i t y ,  but 

t h e  su rv ivors  were spawning by l a t e  summer. These t h r e e  

recru i tments  were the  only ones which could be followed 



c l e a r l y ,  b u t  s i n c e  recru i tment  took p lace  a l l  year ,  t h e r e  

was cons iderable  overlap i n  genera t ions  and the  var ious  s i z e  

c l a s s e s  were c o e x i s t i n g  almost a l l  year  around. 

I t  appears t h a t ,  i f  we cons ider  Archidoris  monter- 

eyens i s  t o  be a  month old before  be ing  spo t t ed  on t h e  g r i d  

s i t e s  (a maximum es t ima te  according t o  growth r a t e  d a t a ) ,  

they  were capable  of spawning between 5 and 7 months a f t e r  

metamorphosis, and most of t h e  animals disappeared s h o r t l y  

t h e r e a f t e r  a l though some remained a s  long a s  10 months. 

Since none remained any longer than  10 months, and ex t rapo la -  

t i o n  of growth r a t e  d a t a  shows them t o  be capable of growing 

a s  l a r g e  a s  they  d id  i n  t h a t  t ime,  t h e  d a t a  a r e  c o n s i s t e n t  

wi th  an  es t imated  l l t e  span of a year  o r  s l i g h t l y  l e s s  f o r  

A_. montereyensis.  

Comparisons of i n d i v i d u a l  s i z e s  f o r  t h e  same d a t e  

i n  t h e  Bamfield and L a n t z v i l l e  popula t ions  (Fig.  11) revealed 

t h a t  Bamfield had much l a r g e r  specimens than  were ever  found 

a t  L a n t z v i l l e ,  due probably t o  g r e a t e r  food supply which w i l l  

be d iscussed  i n  t h e  next  s e c t i o n .  Since t h e  animals a r e  l a r -  

ge r  a t  Bamfield, and s i n c e  t h e  popula t ion  o f  a d u l t s  had been 

cons iderably  reduced i n  numbers by August ( ~ i g .  9)  wi th  no e v i -  

dence of downward migra t ion ,  it appears  t h a t  the  l a r g e  ind iv id -  

ua l s  obtained t h e i r  s i z e  due t o  a  more r a p i d  growth r a t e  than  

t h a t  a t  L a n t z v i l l e  r a t h e r  than from a longer  l i f e  span. 

I 



Rela t ionships  of Archidor is  montereyensis 
To I t s  Food Supply 

Feedinq Behaviour 

Archidor is  montereyensis feeds exc lus ive ly  on 

sponges. The radu la  i s  used t o  r a s p  a s  t h e  nudibranch moves 

over t h e  sponge su r face .  From my observat ions  and t h e  lit- 

e r a t u r e ,  t h e  main prey appears  t o  be Halichondria panicea 

al though I have found it e a t i n g  Haliclona permoll is  and 

Suber i t e s  SJ. i n  t h e  f i e l d .  I t  has  a l s o  been observed feed-  

ing  upon Tedania =., Mycale-adhaerens, and S t y l i s s a  s t i p a t a  

( G .  A .  R o b i l l i a r d ,  pers  . comrn.) . A_. montereyensis -- near A r -  

gy le  Lagoon, San Juan I s l a n d ,  Washington, which were feeding 

on Haliclona SJ. were coloured bluish-green wi th  an overcas t  

of yellow, probably due t o  the  pigments of t h i s  sponge. 

Die t  has  been found t o  a f f e c t  t h e  c o l o r a t i o n  of nudibranchs 

( ~ a b b 6 ,  193 1 ; Swennen, 1961 ; Roginskaya, 1963) . 

Archidor is  montereyensis i s  almost inva r i ab ly  found 

i n  an a r e a  where Halichondria i s  p r e s e n t ,  a l though the  nudi- 

branchs a r e  not  always upon t h e  sponge. A_. montereyensis 

a r e  o f t e n  found on bare rock when no t  feeding ,  and spawn i s  

deposi ted on t h e  rock s u r f a c e .  I t  appears  t h a t  sponge does 

not  p r e s e n t  a s  good a  s u b s t r a t e  f o r  attachment a s  bare rock .  



A_. montereyensis usual ly  begins feeding  a t  the  edge of a 

sponge pa tch ,  and, a s  i t  r a s p s  away t h e  sponge, it moves on 

t o  the  bared s u b s t r a t e .  Where the  sponge cover i s  t h i c k ,  

A .  montereyensis e a t s  i t s  way down i n t o  t h e  sponge, and - 

r a s p s  a tunne l  underneath (F ig .  17) . This r e s u l t s  i n  t h e  

animal being hidden completely,  and may be t h e  reason t h a t  

small  specimens a r e  r a r e l y  seen i n  a r e a s  of heavy sponge 

cover .  Feeding appears t o  be sporadic  a t  l e a s t  i n  l a r g e  

nudibranchs,  and they  may move from one p a r t  t o  another  be- 

fo re  t h e  f i r s t  i s  completely consumed. F ie ld  observat ions  

suggest  t h a t  graz ing  has a marked e f f e c t  on Halichondria ,  

a s  a r e a s  suppor t ing  an A_, montereyensis populat ion have 

l a r g e  grazed patches i n  c o n t r a s t  t o  a r e a s  without A_. m x -  

t e r e y e n s i s  . Long (1968) cons ide r s  A_. montereyensis t o  be 

t h e  major predator  of Halichondria panicea.  

D i s t r i b u t i o n  and Food Supply 

The r e s u l t s  of the  sponge survey a t  Lan tzv i l l e  

(F ig .  18)  i n d i c a t e  t h a t  i n  1970 t h e  sponge cover a t  Lantz- 

v i l l e ,  which cons is ted  of Halichondria panicea and a few 

smal l  pa tches  of Haliclona pe rmol l i s ,  was always very l i g h t .  

Between 73% and 93% of the  gridded a r e a  had no v i s i b l e  hponge. 

Scrapings of these  a r e a s ,  when examined under a microscope, 



Figure  1 7 .  Two A r c h i d o r i s  montereyensis  f eed ing  

WII Hai ic iwndr id  pdnicea dt Zcamf ie ic i .  

Grazed a r e a s  ( G )  are e v i d e n t ,  and one 

nudibranch (N) i s  e a t i n g  a  t u n n e l  under 

t h e  sponge.  Photo by Lea  Seeton.  





Figure  18. Seasona l  v a r i a t i o n  i n  sponge cover  and 

numbers of  A r c h i d o r i s  monterevensis  a t  

L a n t z v i l l e  . Sponge cover  i s  c l a s s i f i e d  

a s  heavy,  moderate,  s p a r s e ,  or a b s e n t  

( see  t e x t ) .  Each b a r  r e p r e s e n t s  one 

s e t  of  measurements, sometimes spanning 

a two month p e r i o d ,  on t h e  f o u r  g r i d  

s i t e s .  
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occas iona l ly  revealed a  t h i n  l a y e r  of sponge. The populat ion 

curve d e c l i n e s  l a t e r  than t h e  sponge dec l ine  i n  the  s p r i n g  

and begins t o  inc rease  i n  t h e  f a l l  when sponge is  more p len-  

t i f u l .  

I n  the  f a l l  t h e  g r i d  s i t e s  were covered with a  

spa r se  l a y e r  of b r i g h t  yellow sponge. The sponge cover i n -  

c reased  dur ing  the  winter  and very e a r l y  sp r ing ,  but  dec l ined  

i n  the  l a t e  sp r ing  and summer. This cor robora tes  with de- 

Laubenfels '  (1932) observat ion  of a  decrease i n  ~ a l i c h o n d r i a  

panicea i n  the  summer along t h e  c e n t r a l  Ca l i fo rn ia  c o a s t .  

Bamfield had cons iderably  more sponge on t h e  g r i d  

s i t e s  than a t  Lan tzv i l l e  (Fig.  11). This d i f f e r e n c e  i n  food 

supply,  a s  mentioned e a r l i e r ,  probably causes t h e  d i f f e r e n c e  

i n  s i z e  found between t h e  nudibranchs a t  Bamfield and a t  

L a n t z v i l l e  (Fig.  11) . Although t h e r e  i s  no obvious seasonal  

c o r r e l a t i o n  between numbers and sponge cover a t  Lan tzv i l l e ,  

t h e  f a c t  t h a t  nudibranch numbers a r e  a t  t h e i r  lowest when 

sponge i s  sca rce  and inc rease  i n  t h e  f a l l  when sponge in -  

c r e a s e s  a s  we l l  a s  t h e  f a c t  t h a t  ~ a n t z v i l l e  had a  lower aver- 

age popula t ion  d e n s i t y  than Bamfield, sugges ts  t h a t  the re  is 

a r e l a t i o n s h i p  between food supply and nudibranch 
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any c o r r e l a t i o n  i n  d i s p e r s i o n  between sponge and nudibranchs,  

I n  1970, 12.9% of the  squares  contained sponge. A t o t a l  of 

75 nudibranchs were observed, of which 19 (25%) occurred i n  

squares  conta in ing  sponge. A chi-square t e s t  (Table 5)  was 

c a r r i e d  ou t  comparing t h e  number of nudibranchs observed wi th  

t h e  number expected i f  nudibranch d i s t r i b u t i o n  was random wi th  

r e s p e c t  t o  sponge. The t e s t  showed a h igh ly  s i g n i f i c a n t  cor -  

r e l a t i o n  between nudibranchs and sponge d i s t r i b u t i o n  (p  < .005) . 

F i e l d  Experiments on Food Supply 

Fence Experiment: 

Marked d i f f e r e n c e s  i n  movement p a t t e r n s  were ob- 

served between Archidor is  montereyensis placed on Halichon- 

d r i a  panlcea and those placed on bare  rock (Fig.  1 9 ) .  On t h e  

s i d e  of t h e  fence which r e t a i n e d  i t s  sponge cover ,  A_. mon- - 

t e r e y e n s i s  was found e i t h e r  i n  t h e  same p lace  o r  a s h o r t  

d i s t a n c e  from t h e  s t a r t i n g  a r e a .  A t  t he  end of four high 

t i d e s ,  these  i n d i v i d u a l s  showed no n e t  h o r i z o n t a l  movement 

away from t h e  s t a r t i n g  p lace ,  and a n e t  downward, v e r t i c a l  

movement of 3.7 cm. 

On the  s i d e  of t h e  fence denuded of sponge, hor i -  

z o n t a l  and v e r t i c a l  movement was more pronounced. Net move- 

ment dur ing  t h e  f i r s t  high t i d e  was h o r i z o n t a l ,  bu t  during 

t h e  next  t h r e e  h igh  t i d e s  was downward i n  the  i n t e r t i d d l  

zone. None of the  nudibranchs moved upward. On both sides 



Table 5.  Chi-square a n a l y s i s  of t he  d i s t r i b u t i o n  of 

Archidor i s  montereyensis and sponge on the  

g r i d  s i t e s  a t  L a n t z v i l l e .  

Number of 

Nudibranchs 

OBSERVED 

Number of 

Nudibranchs 

EXPECTED 

Sponge p r e s e n t  

Sponge absent  

Expected va lue ,  sponge p re sen t  = % squares  con ta in ing  sponge x 

t o t a l  number of nudibranchs 

= 12.9% x 75 

= 9.68 



Figure 1 9 .  D i s t r i b u t i o n  p a t t e r n  of Archidor is  

montereyensis t r ansp lan ted  t o  s i t e s  

where sponge was p resen t  ( @ )  and 

removed (0) . Numbers mark n e t  

p o s i t i o n s  of nudibranchs a f t e r  con- 

s e c u t i v e  h igh  t i d e s .  
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of t h e  fence,  the  movement p a t t e r n s  of ind iv idua l s  were 

s i m i l a r  t o  t h e  n e t  movement p a t t e r n s  shown i n  Figure 19. 

None of t h e  nudibranchs managed t o  c r o s s  t h e  fence b a r r i e r .  

Losses of nudibranchs dur ing  the  experiment were 

s u r p r i s i n g l y  h igh .  Only those l o s t  a f t e r  t h e  f i r s t  high 

t i d e  were replaced .  Poor i n i t i a l  at tachment was not  t h e  

only f a c t o r  involved, s i n c e  s i x  nudibranchs disappeared a f -  

t e r  su rv iv ing  one o r  more h igh  t i d e s .  This may be a re- 

f l e c t i o n  of the  h igh  n a t u r a l  m o r t a l i t y  r a t e .  

Cage Experiment: 

The f i v e  nudibranchs enclosed i n  a wire cage t o  

t e s t  the  e f f e c t  of feeding on t h e  sponge cover remained 

a t t ached  throughout t h e  experiment and evidence of graz ing  

was apparent  a f t e r  t h e  f i r s t  h igh  t i d e .  Their  p o s i t i o n s  

and a r e a s  of  sponge deple ted  by graz ing  a r e  shown i n  Fig .  

2 0 .  

The volume of sponge consumed was es t imated  by 

'mul t ip ly ing  the  a rea  of t h e  pa tches  by a depth  of .64 cm, 

which was 3/4 of t h e  average depth  determined by the  random 

depth samples (average - 8 5  cm, range 0-1  -8  cm) . The f u l l  depth  was 

no t  used because the  sponge was no t  always rasped down t o  



Figure  2 0 .  Diagrams of cage exper iment  a f t e r  con- 

s e c u t i v e  h i g h  t i d e s .  Areas  o f  deep ( ) , 

moderate ( , sha l low ( 0 ) and a b s e n t  

( ) sponge cover  a r e  o u t l i n e d .  S o l i d  

( 3 ) a r e a s  show where A r c h i d o r i s  m s -  

t e r e y e n s i s  has  been f eed ing .  Reduced t o  

1/5 o r i g i n a l  s i z e .  Five  o v a l  o u t l i n e s  

(0 ) i n d i c a t e  nudibranchs . 
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the s u b s t r a t e .  The v o l u m e  o f  Halichondria panicea e a t e n  

was high dur ing  the  f i r s t  t h r e e  high t i d e s ,  and then de- 

c reased  cons iderably  (Table 6 ) .  There was evidence of some 

sponge e a t e n  during the  s i x t h  h igh  t i d e  bu t  it could not be 

measured because the  bodies  of t h e  nudibranchs concealed 

most of the  p o r t i o n  they had e a t e n .  Nudibranchs moving 

away from an a r e a  o f t e n  revealed  a l a r g e  grazed pa tch .  

The growth r a t e  of H.  - panicea dur ing  t h i s  time i s  

e v i d e n t l y  not f a s t  enough t o  r ep lace  the  sponge grazed by 

the  nudibranchs.  I n  the  cage experiment,  t h e  c o n t r o l  sec-  

t i o n  showed no change i n  depth or  a r e a  covered by the  sponge. 

The on ly  vol1m.e of sponge which cclcllc? be a t t r i -  

buted t o  a p a r t i c u l a r  nudibranch was t h a t  e a t e n  by # 3 .  This 

nudibranch remained near  t h e  same a r e a  dur ing  the  t h r e e  days 

t h e  cage was examined. I t  a t e  an es t imated  t o t a l  volume of 

3 
5 - 6 1  cm i n  t h r e e  days,  excluding t h e  p o r t i o n  covered by i t s  

body, which could not  be es t imated .  

From t h e  a c t i v i t i e s  of t h e  nudibranchs a f t e r  

each h igh  t i d e  (Table 6 ) ,  i t  

consuming sponge r a t h e r  than 

branchs #1, 2 and 5 were a l l  

appears t h a t  #3 and #4 were 

searching  f o r  a mate. N u d i -  

feeding t h e  f i r s t  day and 



T a b l e  6 .  A c t i v i t i e s  and sponge consumption of 5 nud ibranchs  

i n  cage exper iment  a t  Bamfie ld .  

Nudibranch number 1 2  3  4  5 3  
cm sponge 

S i z e  i n  cm 4 . 2  4 . 9  3 . 2  4  .O 5 . 5  consumed 

September 1 5  f f f f f 2 . 8 4  

morning 

September 1 5  m m f m ~ f  m 1 9 . 2 3  

even ing  

September 1 6  

morning 

September 1 6  

even ing  

September 1 7  

morning 

September 1 7  f c f f c 

even ing  

- 

f - e v i d e n c e  of f e e d i n g  

m - moved p o s i t i o n  

c - c o p u l a t i n g  



sponge was rasped away around t h e i r  a n t e r i o r  ends.  La te r ,  a l l  

t h r e e  were seen  copula t ing  bu t  no spawn was l a i d .  Nudibranch 

#1 resumed feeding a f t e r  copula t ion  w a s  completed. 

The t o t a l  volume of sponge e a t e n  was approximately 

3 33.4 cm , which means the  nudibranchs a t e  an average of 2.23 

3 
cm of sponge/nudibranch/day. This i s  an underestimate,  a s  the  

amount of sponge under t h e  nudibranchs a t  t h e  time of sampling 

was no t  measured. I n  t h e  l a b o r a t o r y ,  cap t ive  nudibranchs a t e  

a  much smal ler  q u a n t i t y  of Hal ichondria  panicea.  This was 

probably due t o  the  f a c t  t h a t  t h e  sponge was d i f f i c u l t  t o  

mainta in  i n  an aquarium and qu ick ly  became coated wi th  a  bac- 

t e r i a l  f i l m .  

The Inf luence of Phys ica l  Fac tors  
on Populat ion Size  

Storms 

Severe storms, p reva len t  i n  t h e  win te r ,  consider-  

a b l y  changed t h e  environment of Archidor is  montereyensis . 

Storms a f f e c t  t h e  temperature and s a l i n i t y  of t h e  ocean and 

a t  low t i d e  t h e  nudibranchs may be exposed t o  r a i n ,  snow, 

i c e  and severe  f r o s t .  Abrasive e f f e c t s  occur from sand and 

d e b r i s  washed up by the  waves and by s t r o n g  wave a c t i o q -  

A f t e r  s torms,  t h e  number of nudibranchs was found t o  be 



diminished. A dcc l inc  Sctween Zeccmber 11 and 2 2 ,  1969, 

occurred during a  storm per iod .  Observations made a f t e r  

storms showed t h a t  much of the  a l g a l  cover was removed. 

During storms and on hot  sunny days ,  nudibranchs were ob- 

served t o  be i n  c racks  or under a l g a e .  On cloudy days o r  

calm n i g h t s  they  were observed i n  t h e  open, o f t e n  feeding,  

copu la t ing  o r  spawning. Since under t h e  a lgae  t h e r e  is  l e s s  

l ike l ihood  of snow, r a i n ,  f r o s t  or  d e s i c c a t i o n  and t h e r e f o r e  

the  c l ima te  would not  be a s  seve re ,  i t  appears t h a t  the  r e -  

moval of a lgae  by storms would be disadvantageous t o  the  

nudibranchs . 
Sand a b r z s i s ~  e f t e n  causzs g r e a t  daaagc ts i n t z r -  

t i d a l  organisms. Large p o r t i o n s  of t h e  Lan tzv i l l e  g r i d  

s i t e s  would be completely bur ied  i n  sand a f t e r  a  storm. 

The bottom 30 cm of g r i d  I11 was bur ied  during the  f a l l  of 

1969. Por t ions  of the  g r i d  not  a c t u a l l y  buried were b l a s t e d  

c l e a n  by t h e  churning, s a n d - f i l l e d  waves. In  l e s s  severe  

s torms,  a  t h i n  coa t ing  of sand would be s tuck  t o  the  mucous 

coa t ing  of t h e  nudibranchs and on t h e  surrounding sponge 

and a l g a .  



T e x e r a t u r e  and S a l i n i t y  .-. ---- 

Surface  tempera ture  and s a l i n i t y  were measured a t  

L a n t z v i l l e  f o r  e i g h t  months. The p a t t e r n  was found t o  be  

e s s e n t i a l l y  t h e  same a s  t h a t  ob ta ined  by t h e  Fisher ies  Re- 

s e a r c h  Board a t  Depar ture  Bay ( H o l l i s t e r ,  1 9 7 1 a , b ) ,  s o  t h e i r  

d a t a  was cons idered  t o  r e p r e s e n t  c o n d i t i o n s  a t  t h e  Lantz- 

v i l l e  g r i d  s i t e s .  A t  L a n t z v i l l e ,  w i n t e r  c o n d i t i o n s  a r e  

c h a r a c t e r i s e d  by low tempera tures  and h i g h  s a l i n i t y ;  t h e  

r e v e r s e  i s  t r u e  f o r  t h e  summer. I n  1969, t h e  t r a n s i t i o n  

from w i n t e r  t o  summer c o n d i t i o n s  occur red  i n  May. Between 

May and mid-July tempera tures  r o s e  and s a l i n i t i e s  f e l l .  

Temperature reached a  h igh  of 20• ‹c ,  s a l i n i t i e s  a  low of 3_6x0 . 

Between mid-July ,  1969 and January ,  1970, t empera tures  de-  

c l i n e d  t o  6 ' ~  and s a l i n i t y  r o s e  t o  29x0 . The pe r iod  du r ing  

t h e  summer, May - September, 1969, was c h a r a c t e r i s e d  by 

l a r g e  tempera ture  and s a l i n i t y  f l u c t u a t i o n s .  These were no t  

s o  e v i d e n t  du r ing  May - September, 1970. The extremes of 

t empera ture  and s a l i n i t y  were t h e r e f o r e  n o t  a s  g r e a t ,  temp- 

e r a t u r e  r each ing  a  h i g h  of l g O c ,  s a l i n i t y  a low of 23%, . 

A t  Bamf i e l d ,  s u r f a c e  tempera ture  and s a l i n i t y  d a t a  

were ob ta ined  from Western Canadian U n i v e r s i t i e s  Marine Bio- 

l o g i c a l  S o c i e t y  d a t a  t aken  a t  Bamfield I n l e t  (unpub l i shed ) .  



Grca tc r  cxtrcmcs of  t cmpcra turc  and s a l i n i t y  a r e  t o  bc  cx- 

pec t ed  i n  t h e  i n l e t  than  a t  t h e  a c t u a l  sample s i t e  due t o  

l e s s  t u rbu lence  and g r e a t e r  f r e s h  wa te r  r u n o f f .  u n l i k e  

L a n t z v i l l e ,  s a l i n i t i e s  show no marked seasona l  d i f f e r e n c e .  

S a l i n i t i e s  ranged from 2 4  - 32%,  a l l  yea r  round w i t h  occa- 

s i o n a l  extreme lows t o  15 %, . Temperature changed cons ide r -  

a b l y  w i t h  t h e  season ,  r i s i n g  from an  average low of 7 ' ~  i n  

January ,  1970, t o  an  average h i g h  o f  1 6 ' ~  i n  June - August.  

When t h e  t o t a l  numbers of  A r c h i d o r i s  montereyensis  

found on t h e  g r i d  s i t e s  a t  L a n t z v i l l e  (Fig .  7 )  a r e  examined 

i n  r e l a t i o n  t o  t h e  wate r  t empera ture  and s a l i n i t y  c o n d i t i o n s  

T a f h  n n it zppzzrs t h a t  t h z r z  ;;lay 52 a  r z u g h  c o r r z l a t i m .  

t empera tures  a r e  low and s a l i n i t i e s  h i g h ,  A_. montereyensis  

i s  most numerous. When s a l i n i t i e s  a r e  low and tempera ture  

h i g h ,  A_. montereyensis  i s  s c a r c e .  

A t  Bamfield t h e  p o p u l a t i o n  w a s  n o t  s t u d i e d  f o r  an  

extended p e r i o d  of  t ime ,  b u t  numbers a l s o  d e c l i n e d  i n  t h e  

summer of  1970. Unlike L a n t z v i l l e ,  Bamfield d i d  n o t  have 

low s a l i n i t i e s  du r ing  t h i s  p e r i o d  of d e c l i n e ,  s o  it appears  

t h a t  h i g h  a i r  and wate r  t empera tures  r a t h e r  t han  low s a l i -  

n i t i e s  a r e  c o r r e l a t e d  w i t h  a  p o p u l a t i o n  low. 
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D e s i c c a t i ~ n  - Temperature Experiments 

A d e c l i n e  i n  numbers during t h e  summer was e7 r ident  

i n  1969 and 1970, but  was p a r t i c u l a r l y  severe i n  1969, when 

t h e  popula t ion  numbers a t  L a n t z v i l l e  dropped from 239 t o  43 

i n d i v i d u a l s  between June 1 and June 30. I t  was noted during 

f i e l d  t r i p s  t h a t  a t  t h i s  time t h e  low s p r i n g  t i d e s ,  which 

occurred i n  mid t o  l a t e  morning, coincided wi th  high a i r  

temperatures .  The nudibranchs were exposed, o f t e n  t o  t h e  

d i r e c t  s u n ' s  r a y s ,  f o r  per iods  of 6  - 6% hours and a i r  temp- 

e r a t u r e s  of 18 - 2 3 ' ~  a t  a  r e l a t i v e  humidity of 7 3  - 7 9 % .  

To t e s t  t h e  r o l e  of these  phys ica l  cond i t ions  i n  causing 

the  popula t ion  c r a s h ,  t h e  l abora to ry  experiments bracketed 

t h e  f i e l d  temperatures  and exposure t imes.  

Resul t s  of t h e  f i r s t  d e s i c c a t i o n  experiment of 

A p r i l  28, 1970 i n d i c a t e  a  genera l  t r end  of increased percent  

body weight l o s s  wi th  inc reas ing  temperature and exposure 

time (Fig.  2 1 ) .  The weight l o s s  a t  the  smal l e s t  exposure 

time (4 hours)  and lowest temperature ( 1 6 ' ~ )  was s i g n i f i -  

c a n t l y  lower than  a t  any of t h e  o the r  exposures (Table 7 ) .  

However, a t  1 6 ' ~  it appears t o  make no d i f f e r e n c e  whether 

t h e  animals were exposed f o r  6 o r  8 hours ,  and a t  2 7 ' ~  t h e  

animals exposed f o r  6 and 8 hours d id  not  lose  s i g n i f i c a n t l y  



Figure  21.  The p e r c e n t  body weight l o s s  of  

A r c h i d o r i s  montereyensis  i n  r e l a t i o n  

t o  d e s i c c a t i o n  t ime and tempera ture .  

95% conf idence  i n t e r v a l s  a r e  shown 

around t h e  means. N = 10 f o r  each  

p o i n t .  
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P SECOND EXPT. 
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T a b l e  7 .  R e s u l t s  o f  s t u d e n t ' s  t - t e s t  comparing t h e  means o f  

t h e  % weigh t  l o s t  d u r i n g  t h e  f i r s t  d e s i c c a t i o n  

exper iment .  Three  exposure  t i m e s  were used a t  each 

of t h r e e  d i f f e r e n t  t e m p e r a t u r e s  measured i n  'c. 

16' 4 h r s  

16' 6 h r s  

16' 8 h r s  

21' 4 h r s  

21' 6 h r s  

21' 8 h r s  

27' 4 h r s  

27' 6 h r s  

27' 8 h r s  

1 6  ' 16'  1 6  ' 2 1  O 21' 21' 27' 27' 27' 

4 h r s  6 h r s  8 h r s  4 h r s  6 h r s  8 h r s  4 h r s  6 h r s  8 h r s  

N = n o t  s i g n i f i c a n t  (P >.05). 



more weight than they had f o r  thcse  exposure times a t  21•‹c 

(Table 7 ) .  This lack of increased weight l o s s  a t  2 7 ' ~  may 

have been a  r e s u l t  of a s w i f t  dea th  a t  t h i s  high temperature.  

The mucous-covered epidermis of t h e  nudibranchs became 

b r i t t l e  and hard;  perhaps a  r e s u l t i n g  l o s s  of permeabi l i ty  

prevented water from escaping.  A t  21•‹c t h e  nudibranchs 

sec re ted  l a r g e  amounts of g reen i sh  coloured mucous and thus  

weight l o s s  was g r e a t e r .  The c o n t r o l  animals showed n e g l i -  

g i b l e  weight l o s s .  A two-way a n a l y s i s  of var iance (F t e s t )  

showed t h a t  time and temperature were both  v a r i a b l e s  a f -  

f e c t i n g  the  percent  weight l o s t  (p < ,001) but  t h a t  t h e r e  

h K n - C - . ,  7 4 4-1- ' w=ls r,c synerqistic effect (p < . C 5 )  . rLv, CLCIALY 1s shmn l l r i  

Table 8 .  A f t e r  four  hours exposure t h e r e  were surv ivors  a t  

a l l  t h r e e  temperatures ,  bu t  a f t e r  s i x  and e i g h t  hours t h e r e  

were only su rv ivors  among the  group a t  t h e  lowest tempera- 

t u r e  (16' C )  . Ind iv idua l  Archidor is  montereyensis survived 

up t o  an  18% l o s s  i n  body weight ,  b u t  some died  a f t e r  an  

8% weight l o s s .  None of the  c o n t r o l  animals d ied .  

I n  t h e  second experiment of J u l y  9 ,  1970, which 

was performed t o  r e p l i c a t e  the  cond i t ions  c l o s e s t  t o  those 

found i n  t h e  f i e l d ,  the  mean weight l o s s  f e l l  w i th in  t h e  

range of t h e  previous experiment (Fig.  2 1) . Morta l i ty ,  ' 



however, d id  not  follow the  same p a t t e r n .  One r a t h e r  than 

e i g h t  nudibranchs died a t  1 6 O ~  and four  compared t o  t e n  a t  

21•‹c (Table 8 )  . Death did not  occur before  13.9% weight 

l o s s ,  and some nudibranchs survived a s  much a s  a  26.4% 

weight l o s s .  The l eng th  of t h e  ind iv idua l s  did not  appear 

t o  a f f e c t  s u r v i v a l .  Control  animals showed no weight l o s s  

o r  m o r t a l i t y .  

These experiments underlined t h e  extreme v a r i -  

a b i l i t y  of ind iv idua l s  t o  withstand d e s i c c a t i o n  and high 

temperatures .  This i n d i v i d u a l  v a r i a b i l i t y  p l u s  the  l ack  

of specimens a v a i l a b l e  f o r  s u f f i c i e n t  r e p l i c a t i o n  of the  

experiments make it impossible t o  draw conclusive r e s u l t s  

from t h e  d a t a .  However, these  experiments show t h a t  temp- 

e r a t u r e s  and exposure t imes s i m i l a r  t o  f i e l d  condi t ions  

dur ing  t h e  l a r g e  populat ion d e c l i n e  can cause s i g n i f i c a n t  

m o r t a l i t y .  



Table 8. % mortality occurring after desiccation at three 

exposure times at each of three different temperatures. 

Temperature Time 

O C hours 

% Mortality 

1st experiment 2nd experiment 



DISCUSSION 

Life  Cycle 

A reasonably complete l i f e  cyc le  can be drawn 

from t h e  information obtained i n  t h i s  s tudy of Archidor is  

montereyensis . The l a rvae  s e t t l e  i n  the  i n t e r t i d a l  zone 

s p o r a d i c a l l y  both i n  time and space.  The newly s e t t l e d  

young show rap id  growth and probably reach  sexual  ma tu r i ty  

i n  about s i x  months. The r a t h e r  sedentary  a d u l t s  r e c i p r o -  

c a l l y  copula te  and l a y  egg masses nearby a few days l a t e r .  

The v e l i g e r s  ha tch  i n  23-28 days (Hurst ,  1967) )  a l though I 

have observed considerable  d e s t r u c t i o n  of the egg masses. 

The l e n g t h  of l a r v a l  l i f e  appears  t o  be approximately two 

months. A_. montereyensis appears  t o  be an  annual ,  dying 

from p o s t  -reproductive m o r t a l i t y ,  and t h e r e  i s  evidence t h a t  

i t  does n o t  a t tempt  t o  migrate  t o  the  s u b t i d a l  a f t e r  spawn- 

i n g .  

I w i l l  now d i scuss  my 

of the  l i f e  cyc le  of Archidoris  

absence of young i n  the  i n t e r t i d a l  zone gave r i s e  t o  the  

theory  t h a t  some nudibranch spec ies  s e t t l e d  i n  the  s u b t j d a l  

zone and only appeared i n  t h e  i n t e r t i d a l  a s  a d u l t s  (Garstan9, 



1890; E l i o t ,  1910; Cos te l lo ,  1938) . However, the  appearance 

of young A_. montereyensis a t  t h e  same i n t e r t i d a l  he igh t  a s  

a d u l t s  leads  me t o  agree wi th  t h e  a l t e r n a t e  theory t h a t  l a r -  

v a l  se t t l ement  occurs i n  the  i n t e r t i d a l  zone (Alder and Han- 

cock, 1845-55; M i l l e r ,  1961; P o t t s ,  1970) .  I n  the  case of 

A_. montereyensis,  t he  smal l  s i z e  of  the  young, and t h e i r  

tendency to ,bur row i n t o  sponge probably caused them t o  be 

overlooked by most c o l l e c t o r s .  Due t o  f a s t  growth r a t e s ,  A_. 

montereyensis r a p i d l y  reaches a d u l t  propor t ions  and then  would 

be apparent  t o  t h e  observer i n  p laces  where they had no t  

been not iced s e v e r a l  months p rev ious ly .  I suspect  another  

reason why spawning nudibranchs a r e  t h e  only ones no t i ceab le  

i n  t h e  i n t e r t i d a l  zone i s  t h a t  immature nudibranchs a r e  cryp- 

t i c ,  h i d i n g  i n  c racks ,  under a l g a e ,  and i n  sponge. Only 

a d u l t s  which were copula t ing  o r  spawning and d id  not  i n t e r -  

r u p t  these  a c t s  a t  low t i d e ,  or  had not  y e t  moved away t o  a  

s h e l t e r e d  p lace  were v i s i b l e .  Since spawn i s  q u i t e  no t i ce -  

a b l e ,  c o l l e c t o r s  tend t o  sea rch  f o r  nudibranchs near spawn 

and because a d u l t s  have r a r e l y  moved very f a r  away, they  

a r e  o f t e n  discovered.  My spawning d a t a  showed summer t o  be 

t h e  time of g r e a t e s t  reproduct ion  i n  A_. montereyensis and 

these  months tend t o  be those most o f t e n  c o l l e c t e d  i n ;  indeed, 



most c o l l e c t i o n s  a r e  made e x t e n s i v e l y  only i n  the 

months and tend t o  g ive  a very b iased  view of the  yearly 

occurrence of any nudibranch group. 

The sporadic  na ture  of l a r v a l  se t t lement  in t i m e  is 

suggested by t h e  s i z e  frequency d a t a  a t  Lan tzv i l l e .  ~t is 

c l e a r  from these  d a t a  t h a t  t h e r e  was some se t t l ement  tak ing  

p lace  a l l  year  around, bu t  t h e  s i z e  of se t t l ement  var ied  con- 

s i d e r a b l y .  I n  t h e  s p r i n g  of 1969, t h e r e  w a s  a huge se t t l ement  

which was not  repeated the  next  yea r .  Also,  the  s i z e  and t iming 

of the  f a l l  s e t t l ement  was not  t h e  same i n  1969 and 1970. 

There were two per iods  of time when no young appeared on t h e  

g r i d  s i t e s ,  a l though these  were of s h o r t  dura t ion ,  and t h e  

October, 1969 absence was no t  repeated i n  October, 1970, sug- 

g e s t i n g  t h e r e  i s  no p a t t e r n  t o  t h e s e  absences.  Evidence t h a t  

Archidor is  montereyensis s e t t l e s  s p o r a d i c a l l y  i n  space comes 

from t h e  s t r i k i n g  se t t l ement  a t  L a n t z v i l l e  i n  the  s p r i n g  of 

1969. Nudibranchs covered t h e  rocks a t  Lan tzv i l l e  i n  numbers 

which were no t  found i n  t h e  a r e a s  searched from Point  No 

Po in t  t o  L a n t z v i l l e  on t h e  c o a s t  of Vancouver I s l and  t h a t  

s p r i n g ,  o r  t h e  next .  

I s h a l l  now d i scuss  my evidence concerning the  

l eng th  of l a r v a l  l i f e  i n  Archidor is  montereyensis.  There 



i s  cons iderable  d i f f i c u l t y  i n  determining how long t h e  l a r -  

vae remain i n  the  p lanktonic  s t a g e  because metamorphosis 

has  not  y e t  been induced i n  the  l abora to ry ,  and f i e l d  pop- 

u l a t i o n s  do not  undergo d i s t i n c t ,  r e g u l a r  f l u c t u a t i o n s .  

McGowan and P r a t t  (1954) suggest  t h a t  l a r v a l  l i f e  i s  only a  

few hours ;  however, I have evidence t h a t  it is  longer .  Some 

of my evidence d e r i v e s  from p o s s i b l e  explanat ions  of per iods  

when no young a r e  p resen t ,  o t h e r  evidence comes from c o r r e l a -  

t i o n s  of spawning peaks and se t t l ement  t imes.  

I f  l a r v a l  l i f e  i s  only a  few hours long, then  i t  

i s  d i f f i c u l t  t o  e x p l a i n  t h e  l ack  of young i n  October, 1969 

and t h e  summer of 1970. However, t h e  lack  of young can be 

expla ined  i f  we assume Archidor is  montereyensis has a  longer 

l a r v a l  l i f e .  I f  t h e  l ack  of se t t l ement  i n  July-August, 1970 

r e f l e c t s  t h e  s c a r c i t y  of spawn i n  l a t e  A p r i l  and e a r l y  May, 

i t  sugges ts  a  l a r v a l  s t a g e  of a t  l e a s t  two months, p lus  one 

month f o r  enough growth t o  take  p lace  t o  al low t h e  young t o  

be spo t t ed  i n  the  f i e l d .  This would c o r r e l a t e  wi th  t h e  Oct- 

ober ,  1969 l ack  of se t t l ement  a l s o ,  a s  t h e  populat ion i n  

Ju ly  had no nudibranchs l a r g e r  than  1.8 cm and no spawn was 

found wi th  t h i s  immature popula t ion .  However, the  lack of 

spawn i n  December-January, 1969-1970, shows no corresponding 

lack  of young. 
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McGowan and P r a t t  (1954) suggested a  l a r v a l  l i f e  

of only a  few hours because i n  t h e  l abora to ry  Archidor is  

montereyensis v e l i g e r s  s e t t l e d  t o  t h e  bottom of t h e i r  d i s h e s  

and d ied  i n  t h i s  t ime. However, Thompson (1958, 1959) and 

Hadfield (1963) found t h a t  some nudibranch v e l i g e r s  a r e  cap- 

a b l e  of feeding and growing, lengthening the  p lanktonic  phase 

t o  s e v e r a l  months. Unfortunately,  i n  the  only s tudy of a  r e -  

l a t e d  s p e c i e s ,  &. pseudoarsus,  no l a rvae  were found i n  plank- 

ton h a u l s ,  and no s u i t a b l e  l a r v a l  d i e t  was found (Thompson, 

1966) .  Set t lement  has only been induced i n  a  few opis tho-  

branchs (Thompson, 1958, 1962; Tardy, 1962) .  I n  a l l  c a s e s ,  

t h e  a d u l t  opisthobranch d i e t  t r i g g e r e d  metamorphosis. 

My population d a t a  a l s o  sugges ts  t h a t  the  v e l i g e r  

s t a g e  i s  s e v e r a l  months long, because spawning was a t  i t s  

peak i n  the  e a r l y  summer and an inc rease  i n  recru i tment  d id  

not  occur u n t i l  t he  f a l l .  Although my da ta  does not  provide 

conclus ive  evidence of a  long v e l i g e r  s t a g e ,  i t  i s  c o n s i s t e n t  

wi th  t h i s  hypothes is .  I f  t h e  v e l i g e r  s t a g e  i s  only a  few 

hours long,  s e t t l e m e n t  would have been expected t o  appear 

r i g h t  a f t e r  the  20-28 days requi red  f o r  eggs t o  ha tch ,  and t o  

be not iced  s h o r t l y  t h e r e a f t e r .  There was no evidence f o r  

such an e a r l y  s e t t l e m e n t .  There a r e ,  however, many o the r  

f a c t o r s  which could exp la in  a  l ack  of e a r l y  s e t t l e m e n t .  For 

example, product ion of l a rvae  could be l e s s  because egg 



masses were des t royed,  or  s e t t l i n g  condi t ions  could be un- 

favorable  a t  a  p a r t i c u l a r  t i m e  of yea r ,  or  l o s s e s  i n  t h e  

p lanktonic  phase may be g r e a t e r .  I f  p reda t ion  i s  causing 

d i f f e r e n t i a l  l o s s e s  i n  t h e  p lanktonic  s t a g e ,  the  p reda to r s  

remain unknown. Thompson (1966) t e s t e d  v e l i g e r s  of Archi - 

d o r i s  pseudoarsus f o r  p o s s i b l e  p reda to r s .  He found them t o  

be r e l a t i v e l y  s a f e  from preda t ion  by some hydroids,  small  

anemones and bryozoans, and sugges ts  t h a t  l a r g e r  suspension 

feeding  organisms, l i k e  t h e  ba rnac les  suggested by Had f i e l d  

(1963) , w e r e  t h e i r  c h i e f  p r e d a t o r s .  

Some workers (Swennen, 1961; P o t t s ,  1970) , assum- 

i n g  t h a t  l a r v a l  l i f e  i s  very s h o r t ,  cons ider  t h a t  only  t h e  

eggs l a i d  a t  the  end of a  long breeding  season c o n t r i b u t e  t o  

new s e t t l e m e n t .  I b e l i e v e  t h a t  it i s  u n l i k e l y  t h a t  a l l  t h e  

eggs l a i d  during a  breeding  peak would be unviable i n  pe r -  

p e t u a t i n g  t h e  popula t ion ,  and only those few l a i d  a t  the  end 

of the  peak would be s u c c e s s f u l .  Why then  would t h e r e  be 

such a phenomenon a s  a  breeding peak? A lengthy  p lanktonic  

phase i s  t h e  most reasonable explanat ion  f o r  delayed s e t t l e -  

ments a f t e r  breeding peaks.  

I f  t h e  v e l i g e r  s t a g e  i s  s e v e r a l  months long,  t i d e s  

and c u r r e n t s  could cause cons iderable  d i s p e r s i o n  of v e l i g e r s  



(Cr isp  and Southward, 1953) .  Archidor is  montereyensis from 

o t h e r  popula t ions  may a t  t imes e x e r t  cons iderable  in f luence  

on t h e  se t t l ement  a t  the  g r i d  s i t e s .  This may have been one 

of t h e  causes of the  sporadic  s e t t l e m e n t  both  on t h e  g r i d  

s i t e s  and elsewhere.  Larvae of o t h e r  i n v e r t e b r a t e s  have 

been shown t o  s e t t l e  g regar ious ly  (Knight-Jones, 1954; Cr i sp  

and Meadows, 1962) and l o c a l  c u r r e n t s  may have c a r r i e d  nudi- 

branch v e l i g e r s  t o  one a r e a  where they  s e t t l e d  s imultaneously.  

The r a p i d  growth r a t e  of Archidor is  montereyensis,  

-31  - .69 cm p e r  month, would be expected f o r  an annual .  The 

maximum l e n g t h  poss ib le  f o r  A_. montereyensis t o  a t t a i n  i s  un- 

known; t h e  l a r g e s t  specimen I have found was 11.3 cm long. 

The ques t ion  of whether nudibranchs have a  pos t -  

reproduct ive  m o r t a l i t y  has  long been i n  debate .  Myfindingsshow 

t h a t  Archidor is  montereyensis does not  have a  long n a t u r a l  

l i f e  span,  bu t  d isappears  s h o r t l y  a f t e r  reaching reproduct ive  

ma tu r i ty  (Appendix I ) .  Since I found evidence t h a t  miqra t ion  

does not  occur (discussed l a t e r ) ,  post-reproduct ive m o r t a l i t y  

seems t h e  most l i k e l y  cause of t h e i r  disappearance.  Fur ther -  

more, senescent  i n d i v i d u a l s ,  d i s t i n g u i s h e d  by t h e i r  wrinkled,  

shrunken appearance,  were seen occas iona l ly  on the  g r i d  sites 

a t  L a n t z v i l l e .  Thompson (1966) has  found a  p a t t e r n  of sen- 



escence and dea th  t o  fol low spawning i n  Archidor is  pseudo- 

a rqus .  This p a t t e r n  has  a l s o  been found i n  the  l i f e  c y c l e s  

of o t h e r  nudibranchs (Behrentz,  1931; Cos te l lo ,  1938; Thomp- 

son,  1961, 1964; P o t t s ,  1970) .  

The ques t ion  has a r i s e n  ( P o t t s ,  1970) a s  t o  whether 

nudibranchs show a p l a t e a u  i n  t h e i r  growth r a t e  before  dying. 

Comfort (1957) suggests  t h a t  i n  wild populat ions of  annual 

and b i e n n i a l  molluscs t h e r e  i s  no p l a t e a u  i n  the  growth curve 

because d e a t h  occurs i n  a d u l t s  when growth i s  s t i l l  t ak ing  

p l a c e .  On t h e  o t h e r  hand, P o t t s  (1970) found i n  h i s  s tudy of 

Onchidoris fusca and i n  examining t h e  s i z e  frequency d a t a  of 

o t h e r  nudibranch populat ions (Garstang, 1890 ; M i l l e r ,  1962 ; 

Thompson, 1964) t h a t  p l a t e a u s  i n  growth r a t e s  appeared t o  

occur .  He suggested t h a t  these  p l a t e a u s  a r e  reached because 

nudibranchs a r e  no t  l imi ted  by food o r  p reda to r s  and s o  can 

l i v e  out  a  f u l l  l i f e  span. The popula t ion  d a t a  f o r  Archi- 

d o r i s  montereyensis i s  no t  a s  s t r a igh t fo rward  a s  those f o r  

o t h e r  nudibranchs which have been s t u d i e d ,  because they  

breed a l l  year  round. However, t h e  f a c t  t h a t  ind iv idua l  

s i z e  was much l a r g e r  a t  Bamfield than  a t  Lan tzv i l l e  (7-8 cm 

vs  4-5 cm) sugges ts  t h a t  t h e r e  i s  a  l i m i t i n g  f a c t o r  on max- 

i m u m  s i z e  al though t h i s  may no t  c o r r e l a t e  wi th  age b u t  wi th  



food supply.  To f u r t h e r  support  t h i s  i s  t h e  f a c t  t h a t  re-  

product ion commenced before  t h e  maximum l e n g t h  was reached. 

This sugges ts  t h a t  i n d i v i d u a l s  i n  n e i t h e r  group reached a 

maximum p o s s i b l e  length  before  dying. Also., measurements of 

marked animals showed an i n d i v i d u a l  s t i l l  growing r a p i d l y  

between 4.0 and 5.5 cm. Since A_. montereyensis probably d i e s  

a f t e r  a spawning period and smal l  i n d i v i d u a l s  a t  Lan tzv i l l e  

were r ep roduc t ive ly  mature, t h e  onse t  of reproduct ive  matur- 

i t y  appears  t o  be not  n e c e s s a r i l y  a funct ion  of s i z e  bu t  of 

age ,  a l though it may be inf luenced by temperature (Swennen, 

1961) .  Since the  smal ler  i n d i v i d u a l s  were found a t  Lantz- 

v i l l e  where t h e r e  was very l i t t l e  sponge compared wi th  Bam- 

f i e l d ,  i t  appears  t h a t  the  a v a i l a b i l i t y  of sponge l i m i t s  t h e  

growth r a t e  and the re fo re  the  maximum s i z e  a t t a i n a b l e  by  A_. 

montereyensis before  reaching  t h e  age of spawning and dea th .  

There i s  evidence from examination o f  t h e  seasonal  

i n t e r t i d a l  p o s i t i o n s  of the  nudibranchs on t h e  g r i d  s i t e s  a t  

L a n t z v i l l e  and Bamfield, and from scuba d i v e s ,  t o  suggest  

t h a t  v e r t i c a l  migra t ion  d id  no t  t ake  p lace  on the  g r i d  s i t e s  

a t  L a n t z v i l l e .  Because of t h e  phys ica l  na ture  of the  Lantz- 

v i l l e  s i t e s ,  i t  i s  l i k e l y  t h a t  any attempted downward migra- 

t i o n  would r e s u l t  i n  dea th  a s  nudibranchs t r i e d  t o  c r o s s  t h e  



s h i f t i n g  sand, and none were seen  a t tempt ing  t o  do so .  This 

b a r r i e r  t o  migra t ion  would not  normally be p resen t ,  and Ar- 

c h i d o r i s  montereyensis a r e  o f t e n  found s u b t i d a l l y  bu t  a t  no 

p a r t i c u l a r  season or  s t a t e  of ma tu r i ty .  

I hypothesize t h a t  a t  L a n t z v i l l e ,  Archidor is  m x -  

t e r e y e n s i s  i s  an annual because (1) specimens remained up t o  

t e n  months but  no longer on t h e  L a n t z v i l l e  s i t e s ,  ( 2 )  growth 

r a t e s  were r ap id  enough f o r  m a t u r i t y  t o  be reached i n  one 

year  o r  l e s s ,  and ( 3 )  t h e r e  was no evidence of migrat ion a f -  

t e r  spawning. This means t h a t  A .  - montereyensis would then  

have a  s h o r t  l i f e  span f o r  a  mollusc (Comfort, 1957) ,  b u t  

t h i s  ag rees  wi th  the  annual l i f e  spans obtained from some 

o the r  opisthobranchs (McMillan, 1947; Garstang, 1890; Guber- 

l e t ,  1928; Roginskaya, 1963 ; P o t t s ,  1970; Thompson, 1964, 

1966) .  M i l l e r  (1962) c l a s s i f i e d  nudibranchs i n t o  r a p i d l y  

maturing semi-annuals and slow growing nudibranchs l i v i n g  

one or  more y e a r s ,  and r e l a t e d  these  d i f f e r e n c e s  t o  t h e i r  

d i e t .  He found sponge e a t e r s  t o  l i v e  2 - 2 %  years  which i s  

a  longer  e s t ima te  than  mine, a l though he was not  dea l ing  

wi th  A_. montereyensis,  but  a  r e l a t e d  form, A_. pseudoarqus. 

Thompson (1966) concluded t h a t  A_. pseudoarqus was an a n ~ u a l ,  
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pooling growth and breeding d a t a  from s e v e r a l  l o c a l i t i e s .  

Population Dynamics 

The r e s u l t s  of t h e  L a n t z v i l l e  g r i d  survey have 

shown t h a t  Archidor is  montereyensis f l u c t u a t e s  s p o r a d i c a l l y  

i n  numbers throughout t h e  yea r .  I n  view of the  g r e a t  d i f -  

fe rences  between 1969 and 1970, a  long term s tudy would be 

necessary  t o  conf i r m  any y e a r l y  popula t ion  t r e n d .  However, 

it appears  t h a t  an inc rease  i n  numbers i n  the  f a l l  and a 

d e c l i n e  i n  t h e  summer, wi th  t h e  popula t ions  maintaining a  
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summer, may r e p r e s e n t  a  r e g u l a r  p a t t e r n .  However, it i s  t h e  

non-seasonal f l u c t u a t i o n s  i n  numbers t h a t  form t h e  predomi- 

nant  p a t t e r n .  I would l i k e  t o  d i s c u s s  s e v e r a l  hypotheses f o r  

t h e  causes of these  f l u c t u a t i o n s .  A s  mentioned i n  t h e  p re -  

ceding s e c t i o n ,  se t t l ement  i s  i n t e r t i d a l  and mass migrat ion 

does n o t  occur a f t e r  spawning, s o  migra t ion  i s  not  a  f a c t o r  

caus ing  f l u c t u a t i o n s .  Major f a c t o r s  which have a l ready been 

d iscussed  a r e  post-reproduct ive m o r t a l i t y ,  which appears  t o  

be g e n e t i c a l l y  determined i n  A_. montereyensis,  and t h e  spor-  

a d i c  na tu re  of l a r v a l  s e t t l e m e n t .  Two o t h e r  f a c t o r s  wliich I 
D 

I 
s h a l l  d i s c u s s  here  a r e  t h e  r e l a t i o n s h i p  of A_. montereyensis 



t o  i t s  food supply,  and t h e  in f luence  of phys ica l  s t r e s s e s  on 

t h e  popula t ion .  

Food supply has o f t e n  been found t o  l i m i t  popula- 

t i o n  s i z e  (Lack, 1954; Wynne-Edwards, 1962) . Mil le r  (1962) 

c l a s s i f i e s  nudibranchs i n t o  two c a t e g o r i e s ,  those  wi th  a  

non-f luc tua t ing  food supply,  and those wi th  a  seasonal  food 

supply.  The l a t t e r  he cons iders  l i m i t e d  by t h e i r  food supply.  

Sponge e a t e r s  he cons iders  t o  have a  food supply which shows 

l i t t l e  seasonal  var iance i n  abundance. This may be s o  i n  

Bamf i e l d  where Halichondria panicea i s  always p l e n t i f u l ,  but  

a t  L a n t z v i l l e ,  where H. panicea i s  sca rce ,  seasonal  v a r i a -  

t i o n s  a r e  more ev iden t  and it i s  p o s s i b l e  t h a t  t h e  conse- 

quences on Archidor is  montereyensis a r e  more d r a s t i c .  

Opisthobranchs have been shown t o  be voracious 

feeders  (Garstang, 1890; Barnes and Powell, 1954; P o t t s ,  1970; 

Crane, 1971; R o b i l l i a r d ,  1971) . Grazing p ressu res  exer ted  

by Archidor is  montereyensis may a f f e c t  t h e  food supply i n  

a r e a s  where sponge i s  sca rce  s i n c e  t h e  cage experiment showed 

t h a t  n a t u r a l  d e n s i t i e s  of A_. montereyensis were capable of 

consuming l a r g e  q u a n t i t i e s  of Halichondria panicea r e l a t i v e  

t o  t h e  biomass p r e s e n t .  The l a r g e  se t t l ement  a t  ~ a n t z v i l l e  

i n  May and June, 1969 may have deple ted  the  a v a i l a b l e  sponge 



which was no t  adequate t o  withstand t h i s  sudden i n f l u x  of 

g r a z e r s .  Food shortage may thus  have cont r ibuted  t o  the  

h igh  nudibranch m o r t a l i t y  which followed. The smal ler  

numbers p resen t  a f t e r  the June, 1969 decrease may be more 

r e p r e s e n t a t i v e  of an  endogenous popula t ion .  ' Also, t h e  

in f luence  of graz ing  pressure  a t  Lan tzv i l l e  i n  the  win te r  

and s p r i n g ,  1970 may have caused t h e  s c a r c i t y  of sponge i n  

t h e  s p r i n g .  The low i n  t h e  nudibranch popula t ion  i n  the  

summer of 1970 was followed by an inc rease  i n  sponge cover 

i n  the  f a l l .  

The few nudibranchs which were p resen t  i n  t h e  

summer were spawning, and t h e r e  i s  some doubt a s  t o  whether 

nudibranchs feed much during the  spawning period (Thompson, 

1962, 1964) .  I found t h a t  nudibranchs resumed feeding 

a f t e r  copula t ion ,  bu t  it i s  p o s s i b l e  t h a t  they  cease feed- 

ing  l a t e r  i n  t h e i r  breeding cyc le .  M y  experiments were 

n o t  designed t o  show any negat ive  c o r r e l a t i o n  between feed- 

ing  and reproduct ion ,  nor d id  they  s e p a r a t e  graz ing  from 

o t h e r  f a c t o r s  a f f e c t i n g  sponge d e n s i t y .  Archidoris  monter- 

eyens i s  a s  we l l  a s  many o the r  spec ies  of nudibranchs,  when 

brought i n t o  t h e  l abora to ry ,  w i l l  l a y  egg masses long a f t e r  

the  food supply has been diminished. The animals a r e  



probably u s m g  up t h e i r  body rese rves  a s  t h e i r  o v e r a l l  size 

decreases  dur ing  t h i s  per iod .  This may exp la in  how spawn- 

ing may be a t  a  peak, a s  i n  the  summer of 1970 a t  Lantz- 

v i l l e ,  and y e t  t h e  sponge remained s c a r c e .  

I n  an a r e a  l i k e  L a n t z v i l l e ,  where sponge is  i n  

s h o r t  supply,  nudibranch p ressu re  may be g r e a t  enough t o  

reduce the  sponge supply t o  t h e  p o i n t  where food becomes 

a l i m i t i n g  f a c t o r  t o  populat ion s i z e  and ind iv idua l  growth. 

Andrewartha and Browning (1961) d i s c u s s  t h e  p o s s i b i l i t y  of 

food being p resen t  i n  an a r e a  and y e t  una t t a inab le ,  which 

would lead  t o  a  " r e l a t i v e "  r a t h e r  than  an "absolu te"  s h o r t -  

age of food. The g r i d  s i t e s  a t  Lan tzv i l l e  had a r e a s  of 

sponge which remained untouched by nudibranchs even dur ing  

t h e  summer when sponge cover was scanty .  I t  appears t h a t  

t h e  nudibranchs were s u f f e r i n g  from a r e l a t i v e  s c a r c i t y  of 

sponge s i n c e  they  could no t  l o c a t e  a l l  t h e  a v a i l a b l e  food 

due t o  i t s  patchy d i s t r i b u t i o n .  Evidence t h a t  they were 

s u f f e r i n g  from a shortage of food comes from the  smal ler  

s i z e  and d e n s i t y  of nudibranchs a t  L a n t z v i l l e  when compared 

t o  Bamfield, and t h e  rough c o r r e l a t i o n  of numbers with 

seasona l  sponge f l u c t u a t i o n s .  I n  c o n t r a s t ,  from my obser-  

va t ions  of t h e  l a r g e  sponge cover a t  Bamfield, it appears 



t h a t  t h e  d e p l e t i o n  by graz ing  of a  few sponge patches 

would have l i t t l e  e f f e c t  on t h e  nudibranch populat ion.  

Thompson (1964) hypothesized t h a t  nudibranchs 

wi th  a  seasonal  food supply may a c t i v e l y  seek out  an a l -  

t e r n a t e  food source .  This may be t r u e  f o r  Archidoris  

montereyensis when Halichondria panicea i s  sca rce .  The 

r e s u l t s  of t h e  f i e l d  experiment a t  Bamfield i n  which sponge 

was removed sugges ts  t h a t  A_. montereyensis would move hor-  

i z o n t a l l y  and downward i n  t h e  i n t e r t i d a l  zone when faced 

wi th  a food shor tage .  I t  would be t o  t h e i r  advantage t o  

have a  re fuge  i n  t h e  s u b t i d a l  zone where d i f f e r e n t  spec ies  

of sponge were a v a i l a b l e  and cond i t ions  more s t a b l e .  A l -  

t e r n a t e  s u b t i d a l  sponges would be of no advantage t o  the  

L a n t z v i l l e  popula t ion  a s  they  were forced by the sand 

b a r r i e r  t o  remain i n t e r t i d a l .  However, due t o  the  sponge ' s  

patchy d i s t r i b u t i o n ,  i t  i s  p o s s i b l e  t h a t  ind iv idua l s  were 

a f f e c t e d  by a  s c a r c i t y  of sponge a t  d i f f e r e n t  t imes,  and 

they  moved down t o  the  sand b a r r i e r  only t o  r e t u r n  t o  

where t h e  s c a n t  sponge cover remained. 

Another apparent  cause of popula t ion  f l u c t u a t i o n s  

i s  t h e  p h y s i c a l  s t r e s s e s  which a r e  sporadic  i n  occurrence 

o r  vary i n  i n t e n s i t y  with the  seasons.  Andrewartha and 



Birch (1954) and Newel1 (1970) note  a number o f  these  

f a c t o r s  which a f  f e c t  marine popula t ions  by causing mor- 

t a l i t y  and by t r i g g e r i n g  the  onse t  of the  breeding season. 

Fac to r s  which may be a p p l i c a b l e  t o  t h i s  s tudy a r e  f l u c -  

t u a t i o n s  i n  water temperature and s a l i n i t y  and f l u c t u -  

a t i o n s  i n  a e r i a l  temperature and d e s i c c a t i o n  s t r e s s .  

S e n s i t i v i t y  t o  low s a l i n i t i e s  and h igh  temperatures have 

been considered by Swennen (1961) t o  be a l i m i t i n g  f a c t o r  

t o  nudibranchs.  However, l i t t l e  can be concluded about 

t h e  e f f e c t s  of s a l i n i t y  and water  temperature on Archi- 

d o r i s  montereyensis.  The f a c t  t h a t  A_. montereyensis 

shows a d e c l i n e  i n  numbers a t  Bamfield where s a l i n i t y  d id  

n o t  f l u c t u a t e  very much, sugges ts  t h a t ,  f o r  the  Bamfield 

popula t ion ,  s a l i n i t y  was no t  a major l i m i t i n g  f a c t o r .  

Since A_. montereyensis spawned a l l  year  round a t  Lantz- 

v i l l e ,  t h e  water  temperature could not  have become t o o  

low f o r  spawning, a s  was found i n  Adalar ia  proxima 

(Thompson, 1958a, b )  . I n  t h e  summer, when water tempera- 

t u r e s  were h i g h e s t ,  a l though popula t ions  dec l ined  a t  

Bamfield and L a n t z v i l l e ,  spawning cont inued.  



Evidence which sugges ts  t h a t  a e r i a l  temp- 

e r a t u r e  and d e s i c c a t i o n  in f luences  Archidoris  man- - 
t e r e y e n s i s  numbers was provided by t h e  l a rge  popu- 

l a t i o n  d e c l i n e  of June, 1969 a t  Lan tzv i l l e  which 

coincided wi th  low t i d e s  and h o t  weather.  This ,  

combined with the  behavioural  tendency of A_. mon- 

t e r e y e n s i s  t o  seek dark,  damp a r e a s  i n  the  summer 

l ed  me t o  perform the  experiments t e s t i n g  the  e f -  

f e c t s  of a e r i a l  exposure under var ious  temperature 

regimes.  Since weight l o s s  i n  the  experiments var -  

i e d  cons iderably  wi th  each i n d i v i d u a l ,  a s  d id  t h e  

amount of weight l o s s  t o l e r a t e d  before  m o r t a l i t y  oc- 

cu r red ,  i t  appears  t h a t  A_. montereyensis i s  v a r i a b l e  

i n  i t s  response t o  these  phys ica l  s t r e s s e s .  However, 

t h e  high m o r t a l i t y  shows t h a t  a e r i a l  exposure a t  high 

temperatures  may have cons iderable  in f luence  on the  

popu la t ion .  The f a c t  t h a t  m o r t a l i t y  was l e s s  i n  the  

experiment performed i n  June than  t h e  one i n  A p r i l  

even though weight l o s s  remained t h e  same suggests  



t h a t  some a c c l i m a t i z a t i o n  t o  h igh  temperatures  takes  p lace  

dur ing  t h e  summer. 

Desiccat ion under l a b o r a t o r y  cond i t ions ,  s i m i l a r  t o  

those found i n  the  f i e l d ,  caused ex tens ive  m o r t a l i t y  and i n -  

d i c a t e s  t h a t  t h e  f i e l d  cond i t ions  could r e s u l t  i n  a  d e c l i n e  

i n  numbers which would tend t o  be seasonal  but  which would 

vary i n  time and s e v e r i t y  according t o  c l i m a t i c  cond i t ions .  

I n  yea r s  i n  which s p r i n g  low t i d e s  coincided wi th  coo l ,  cloudy 

weather nudibranchs would s u f f e r  l i t t l e  o r  no l o s s  i n  numbers, 

bu t  dur ing  summers, l i k e  t h a t  of 1969 when sp r ing  t i d e s  co- 

inc ided  wi th  c l e a r  sunny days and temperatures  from 18 - 2 3 ' ~ ~  

d e s i c c a t i o n  and/or high temperatures  would have a  cons ider -  

a b l e  e f f e c t .  Nudibranchs move i n t o  dark damp p l a c e s ,  under 

a lgae  o r  i n  c racks  which c u t s  down on d e s i c c a t i o n ,  b u t  t h e  

number and a v a i l a b i l i t y  of s u i t a b l e  l a r g e  h id ing  p laces  ap- 

pears  t o  l i m i t  t h e  number of su rv ivors  a s  evidenced by t h e  

f a c t  t h a t  only i n d i v i d u a l s  h id ing  i n  t h e  a lgae  which were 

t h e r e f o r e  smal l ,  survived the  popula t ion  dec l ine  of June, 1969. 

Other p e r i o d i c  d e c l i n e s  were caused by the  e f f e c t s  

of s torms.  When, a s  happened a t  L a n t z v i l l e ,  severe storms 

cause sand t o  b l a s t  the  rocks,  t h e  m o r t a l i t y  i s  h igh .  The 

e f f e c t s  of sand s t i c k i n g  t o  t h e  mucous of t h e  nudibranchs and 



waves d i s lodg ing  them a r e  probably no t  a s  seve re ,  a l though 

t h e  h igh  disappearance r a t e  of nudibranchs during the  fence 

experiment a t  Bamfield sugges ts  t h a t  d is lodging  by wave 

a c t i o n  may have cons iderable  in f luence .  Hadfield (1963) 

mentions t h a t  storm tossed  nudibranchs may be c a r r i e d  on 

d e b r i s  a  cons iderable  d i s t a n c e .  

I n  summary, it appears  t h a t  d e n s i t y  independent 

f a c t o r s  such a s  the  chance t iming of phys ica l  s t r e s s e s  co- 

i n c i d i n g  wi th  l a r v a l  se t t l ement s  may l i m i t  t h e  popula t ion  

s i z e .  I f  these  d e n s i t y  independent f a c t o r s  do no t  occur ,  

o the r  d e n s i t y  dependent f a c t o r s  may become important .  One 

of t h e s e  may be t h e  a v a i l a b i l i t y  of food, another  t h e  number 

of s u i t a b l e  microhabi ta ts  a v a i l a b l e  f o r  s h e l t e r  during low 

t i d e s ,  a l though t h e  l a t t e r  would t o  some e x t e n t  depend on 

t h e  occurrence of h igh  temperatures a t  c r i t i c a l  t imes.  Thus 

a  favorable  se t t l ement  may r e s u l t  i n  a  h igh  d e n s i t y  of nudi- 

branchs u n t i l  t he  food supply was deple ted  unless  a  chance 

phys ica l  s t r e s s  l imi ted  t h e i r  numbers. Phys ica l  s t r e s s e s  may 

a l s o  a c t  s y n e r g i s t i c a l l y  wi th  nudibranch graz ing  pressure  t o  

l i m i t  t h e  amount of sponge i n  the  summer and thus  i n d i r e c t l y  

cause t h e  observed seasonal  d e c l i n e  i n  nudibranchs. 



Archidor is  montereyensis , when dis lodged by s torms,  

may be c a r r i e d  by t i d e s  and c u r r e n t s  t o  a  cons iderable  depth .  

This may account f o r  t h e i r  in f requen t  s u b t i d a l  appearances.  

The s p e c i e s  i s  found s u b t i d a l l y  i n  a l l  s i z e s .  a t  a l l  t imes of 

t h e  year  ( G .  A .  R o b i l l i a r d ,  p e r s  . corn .  ) , but  i n  much smal ler  

numbers than i n  the  i n t e r t i d a l  zone. Some a r e  probably t h e r e  

because they  have been dis lodged by s torms,  but  t h i s  may not  

be t h e  only cause of t h e i r  s u b t i d a l  appearance; another  may 

be lack  of food i n  the  i n t e r t i d a l  zone. While it i s  p o s s i b l e  

a  s u b t i d a l  popula t ion  i s  endogenous, t h e  smal l  numbers sug- 

g e s t  A_. montereyensis i s  predominantly an i n t e r t i d a l  form. 

S u b t i d a l l y ,  a l t e r n a t e  sponges t o  Halichondria panicea appear 

t o  be e a t e n  s i n c e  g. panicea i s  u s u a l l y  i n t e r t i d a l ,  a l though 

i t  has  s u b t i d a l  records  i n  Naples and o f f  Maine (W. D .  

Hartman, p e r s .  comrn.). Since s e t t l i n g  has  no t  y e t  been i n -  

duced i n  A_. montereyensis,  it i s  n o t  y e t  known i f  H. - panicea 

t r i g g e r s  metamorphosis, and t h i s  r e p r e s e n t s  an i n t e r e s t i n g  

a r e a  f o r  f u r t h e r  r e sea rch .  

The majo r i ty  of s u b t i d a l  s i t i n g s  of Archidoris  

montereyensis a r e  probably a  r e s u l t  of confusing t h i s  spec ies  

wi th  Anisodoris  n o b i l i s  which i s  s i m i l a r  i n  appearance t o  A_. 

montereyensis and i s  usua l ly  found s u b t i d a l l y .  The problem 



of i d e n t i f y i n g  which of these  spec ies  is p resen t  without  

d i s s e c t i o n  is  notor ious .  0 '  Donoghue (1921 b )  , i n  a t tempt ing  

t o  c l a r i f y  sys temat ic  c h a r a c t e r s ,  made a  mistake i n  l i s t i n g  

t h e  d i f f e r e n c e s  i n  t e n t a c l e s ,  and s e v e r a l  popular marine 

n a t u r a l  h i s t o r y  guide books (Guberlet ,  1962; Flora and 

Fairbanks,  1966) have a  photograph of Archidor is  monterey- 

e n s i s  over a  d e s c r i p t i o n  of Anisodoris  n o b i l i s .  The p res -  

ence of t h e  white  Archidor is  odhneri  i n  our l o c a l  waters  

a l s o  adds t o  the  problem of m i s - i d e n t i f i c a t i o n .  

CONCLUSIONS 

The genera l  t rend  f o r  nudibranchs t o  have a  s h o r t  

l i f e  span ranging from l e s s  than  a  year  t o  one o r  two yea r s  

p laces  them i n  an unusual ca tegory  among molluscs,  most of 

which l i v e  long l i v e s  (Comfort, 1957) . A s  a  r a p i d l y  repro-  

ducing,  s h o r t  l ived  group they  have evolved i n t o  a  v a r i e t y  

of forms each adapted t o  f i t  a  p a r t i c u l a r  food supply.  Most 

nudibranchs have been found t o  be s p e c i f i c  i n  t h e i r  food 

choice .  Archidor is  montereyensis i s  no except ion s ince  it  

i s  u s u a l l y  found on Halichondria panicea ,  b u t  it may a t  t imes 

u t i l i z e  o t h e r  sponges. 



Nudibranchs have evolved t o  e x p l o i t  food s u p p l i e s  

which because of t h e i r  annual na tu re  o r  t h e i r  s e n s i t i v i t y  t o  

phys ica l  f a c t o r s  a r e  not  cons tan t  i n  abundance. Because 

they  can grow s w i f t l y  and produce l a r g e  numbers of eggs they  

t ake  f u l l  advantage of t h i s  type of resource .  How nudi- 

branchs surv ive  the  per iods  when food i s  spa r se  i s  not f u l l y  

known. Some appear t o  be a b l e  t o  use a l t e r n a t e  food s u p p l i e s .  

Archidor is  montereyensis may survive  because of ind iv idua l s  

i n  t h e  s u b t i d a l  which produce v e l i g e r s  which w i l l  recolonize  

t h e  i n t e r t i d a l  zone. Some s p e c i e s  may depend upon a few i n -  

d i v i d u a l s  e x i s t i n g  on remnants of the  food supply (Mi l l e r ,  

1962) .  This appears  t o  be t h e  case  f o r  Archidoris  a t  Lantz- 

v i l l e .  The remarkable reproduct ive  p o t e n t i a l  of nudibranchs 

means t h a t  a few ind iv idua l s  a r e  capable  of r e i n s t a t i n g  the  

o r i g i n a l  popula t ion  s i z e .  The advantages of having a s h o r t  

l i f e  span and g r e a t  reproduct ive  powers a r e  obvious when an 

animal has  become s p e c i a l i z e d  on a food supply whose 

d i s t r i b u t i o n  and abundance is  v a r i a b l e .  The mul t i tude  of 

spec ies  of nudibranchs a r e  an i n d i c a t i o n  of t h e  success  of 

t h i s  evolu t ionary  s t r a t e g y .  

The f a c t  remains, t h a t  a l l  nudibranchs a r e  r e l a -  

t i v e l y  sca rce  i n  numbers. Why t h i s  holds t r u e  f o r  spec ies  



l i k e  Archidor -- i s  montereyensis which have chosen a r e l a t i v e l y  

s t a b l e  food supply is no t  known. I t  i s  t r u e  t h a t  sponges, 

ba rnac les ,  and anemones, the  p r i n c i p a l  foods of the  nudi- 

branchs discussed i n  t h i s  paper ,  a l l  undergo a c e r t a i n  amount 

of seasonal  f l u c t u a t i o n  b u t  except  a t  Lan tzv i l l e  where food 

appears  t o  a f f e c t  the  popula t ion ,  the  numbers of nudibranchs 

a r e  o f t e n  smal ler  than t h e  food supply appears t o  be a b l e  t o  

suppor t ,  a s  found wi th  Onchidoris fusca  ( P o t t s ,  1970) . This 

i s  the  case  wi th  A .  - montereyensis i n  Bamfield where t h e  

sponge cover of Halichondria panicea remains dense a l l  year  

round, y e t  A .  - montereyensis a r e  s c a r c e .  I t  i s  apparent  i n  

these  s i t u a t i o n s  t h a t  f a c t o r s  o the r  than  post-reproduct ive 

m o r t a l i t y  and food supply l i m i t  popula t ion  growth. Nudi- 

branchs seem t o  be r e l a t i v e l y  s a f e  from preda to r s  due t o  

t h e i r  va r ious  defence adap ta t ions ,  and from competi tors  d u e  

t o  t h e i r  s p e c i a l i z e d  e x p l o i t i n g  of foods . In. some s p e c i e s ,  

e s p e c i a l l y  those feeding on hydroids,  competi t ion may be i m -  

p o r t a n t ,  bu t  no t  i n  A_. montereyensis.  This s tudy has r e -  

vealed c e r t a i n  phys ica l  f a c t o r s  which may cause m o r t a l i t y .  

There a r e  undoubtedly s t i l l  o the r  f a c t o r s  which account f o r  

t h e  high m o r t a l i t y  r a t e  i n  s e t t l e d  nudibranchs . One of ;he 

main sources of f l u c t u a t i o n  i s  t h e  sporad ic  se t t l ement  of 



young, which suggests  t h a t  lack of s u r v i v a l  of spawn and 

v e l i g e r  l a rvae  i s  one of t h e  major causes of nudibranch 

s c a r c i t y .  



SUMMARY 

Two populat ions of the  nudibranch Archidor is  monterey- 

e n s i s  were s tud ied  from May, 1969 t o  October, 1970 on 

four  f ixed  f i e l d  s i t e s  a t  L a n t z v i l l e ,  B.  C .  ( i n  the  

S t r a i t s  of Georgia) , and one s i t e  a t  Barnfield on t h e  

exposed c o a s t  of Vancouver I s l a n d .  The populat ion s i z e  

f l u c t u a t e s  s p o r a d i c a l l y ,  a l though a l l  s i z e  c l a s s e s  a r e  

p resen t  a t  Lan tzv i l l e  a t  a l l  times of t h e  y e a r .  Breed- 

ing  occurs  a l l  year  round a t  L a n t z v i l l e  b u t  t h e r e  i s  

cons iderable  d e s t r u c t i o n  of egg masses. Peak egg pro- 

duc t ion  i n  1970 occurred i n  t h e  swnmer a t  Lan tzv i l l e  

and Bamf i e l d  . 
2 .  S e t t l i n g  of v e l i g e r  l a rvae  t a k e s  p lace  i n  t h e  i n t e r t i d a l  

zone. I t  i s  sporadic  both  i n  t ime,  abundance, and i n  t h e  

a r e a  of i t s  appearance, a l though t h e  sponge Halichondria 

panicea i s  always p resen t .  Rapid growth, averaging 0.69 

cm/month f o r  small  i n d i v i d u a l s ,  t akes  p lace  i n  a l l  s i z e  

ranges a t  a l l  t imes of t h e  yea r .  

3 .  V e r t i c a l  migrat ion does not  occur i n  A_. montereyensis 

a s  young s e t t l e  i n  t h e  i n t e r t i d a l  and t h e r e  is  no e v i -  

dence of downward movement on the  g r i d  s i t e s  a t  any time 

of t h e  y e a r .  Scuba d ives  a t  Lan tzv i l l e  and Bamfielcj show 

t h a t  t h e r e  i s  no A_. montereyensis below t h e  g r i d  s i t e s  



fol lowing a  spawning period which sugges ts  no pos t -  

reproduct ive  migra t ion  t akes  p lace .  

4 .  I t  i s  concluded t h a t  A_. montereyensis i s  an annual  be- 

cause no ind iv idua l s  remain on t h e  Lan tzv i l l e  s i t e s  

longer  than  t e n  months, senescent  i n d i v i d u a l s  were ob- 

served sugges t ing  inna te  post-reproduct ive m o r t a l i t y ,  

growth r a t e s  were r ap id  enough f o r  a  mature s i z e  t o  be 

reached i n  l e s s  than a  yea r ,  and t h e r e  i s  evidence t h a t  

v e r t i c a l  migra t ion  does n o t  occur .  

5 .  Experiments performed i n  t h e  f i e l d  i n d i c a t e  t h a t  n a t u r a l  

d e n s i t i e s  of A_. montereyensis consume an average volume 

3 
of 2 . 2 3  c m  /nudibranch/day r e l a t i v e  t o  t h e  s tanding  crop  

of sponge, a l though wi th  cons iderable  d a i l y  f l u c t u a t i o n  

and, when sponge i s  removed, t h e  nudibranchs tend t o  

move downward i n  the  i n t e r t i d a l .  T h i s  would be t o  t h e i r  

advantage a s  t h e r e  a r e  o t h e r  sponges under more s t a b l e  

cond i t ions  i n  the  s u b t i d a l .  Data from t h e  g r i d  s i t e s  show 

t h a t  a l though A_. montereyensis e a t s  a  v a r i e t y  of sponge, 

i t  is u s u a l l y  a s soc ia ted  wi th  Hal ichondria  panicea.  A t  

Bamfie l d  where sponge was p l e n t i f u l  , t h e  nudibranchs were 

l a r g e r  and more abundant than a t  Lan tzv i l l e  where sponge 

appeared t o  be s c a r c e .  The p o s s i b i l i t y  of t h e r e  being a  



r e l a t i v e  r a t h e r  than an abso lu te  shor tage  of food a t  

L a n t z v i l l e  i s  d i scussed .  

6 .  Physical  f a c t o r s  were inves t iga ted  a s  poss ib le  causes of 

observed f l u c t u a t i o n s  i n  numbers. Storms cause some 

m o r t a l i t y  i n  win te r .  No c l o s e  c o r r e l a t i o n  was observed 

between t h e  f l u c t u a t i o n s  of water temperature and s a l i n i t y  

and popula t ion  numbers. Extremely h igh  a e r i a l  tempera- 

t u r e s  co inc id ing  with low daytime t i d e s  were followed by 

a  popula t ion  c rash  i n  June, 1969. Laboratory experiments 

confirmed t h a t  a e r i a  1 exposure a t  h igh  temperatures can 

cause cons iderable  m o r t a l i t y .  

7 .  I t  appears  t h a t  the  nudibranch popula t ion  w i l l  i nc rease  

fol lowing sporadic  se t t l ement s  e i t h e r  u n t i l  chance physi-  

c a l  f a c t o r s  reduce t h e i r  numbers, o r  u n t i l  they  have i n -  

c reased  enough t o  d e p l e t e  t h e i r  food supply,  which i s  

i t s e l f  s u b j e c t  t o  phys ica l  s t r e s s e s .  The s i z e  and t iming 

of s e t t l e m e n t s  a r e  t h e r e f o r e  important i n  determining t h e  

number of nudibranchs i n  an a r e a ,  and f a c t o r s  which may 

a f f e c t  t h e s e  a r e  d iscussed .  

8 .  Natural  h i s t o r y  information i s  given f o r  the  nudibranchs 

Onchidoris b i l a m e l l a t a ,  Diaulula  sandieqens is  and Aeolidia  

p a p i l l o s a  on t h e  g r i d  s i t e s  a t  Lan tzv i l l e  (Appendix 11). 



APPENDIX I 

Population data for Archidoris montereyensis on 

individual grid sites at Lantzville, 1969-70. 
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APPENDIX I1 

Other  Spec ies  o f  Nudibranchs 

The g r i d  s i t e  a t  Bamfield d i d  no t  r e v e a l  any 

o t h e r  s p e c i e s  of  nudibranchs  a l t hough  Rostanqa pu lch ra ,  

Cadl ina  marq ina ta ,  Dirona a l b o l i n e a t a  and Hermissenda 

c r a s s i c o r n i s  were a l l  common i n  t he  a r e a .  A scuba d i v e  

below t h e  g r i d  s i t e  i n  May, 1971, r evea l ed  one Cadl ina  

marg ina t a ,  t h r e e  l a r g e  Anisodor i s  nobi  l i s  and two Archi  - 

d o r i s  odhne r i .  

S e v e r a l  s p e c i e s  of nudibranchs  appeared spo r -  

a d i c a l l y  on t h e  g r i d  s i t e s  a t  L a n t z v i l l e .  Since nudi-  

branch l i f e  c y c l e s  a r e  l a r g e l y  unknown, t h e  s i z e ,  d a t e  

of appearance ,  and spawning were recorded (F ig .  A l )  . 

I t  is probable  t h a t  a  con t inuous  popu la t ion  of 

Onchidor is  b i l a m e l l a t a  ( = f u s c a )  , a p r e d a t o r  of  b a r n a c l e s ,  

was p r e s e n t  nea r  t h e  s t u d y  a r e a  b u t  s i n c e  t h e y  were n o t  

s p e c i f i c a l l y  sought a f t e r ,  and because t h e y  o f t e n  i n -  

h a b i t e d  t h e  ba rnac l e  zone above t h e  a r e a  i n  which Archi-  

d o r i s  montereyensis  appeared ,  t h e y  were o f t e n  over looked.  

Spawn was seen  b e s i d e  l a r g e  groups which had gathe;ed 



f o r  copu la t ion .  Not a l l  t he  Onchidoris found on t h e  

g r i d  s i t e s  were counted, bu t  a random sample was mea- 

su red .  A scuba check of t h e  a r e a  a t  t h e  bottom of t h e  

g r i d  s i t e s  i n  A p r i l ,  1970, revealed  many small  specimens 

under 0.5 cm. This number of  young would not  have been 

spo t t ed  a t  low t i d e  because of t h e i r  c r y p t i c  c o l o r a t i o n .  

I n  Onchidoris only one long breeding  season was noted 

wi th  smal l  ind iv idua l s  i n  evidence i n  A p r i l  and June. 

0 ' Donoghue & 0 ' Donoghue (1922 ) found spawn on Vancouver 

I s l a n d  from May - June. I n  t h e  l a b o r a t o r y  I noted t h a t  

0 .  b i l a m e l l a t a  a l t e r n a t e s  per iods  n f  spawning and eating. - 

It  appears  t h a t  t h i s  i s  an annual  nudibranch a s  suggested 

by P o t t s  (1970),  wi th  a d u l t s  d isappear ing  a f t e r  a long 

spawning per iod  and young growing up i n  the  summer and 

f a l l  ready t o  breed i n  t h e  f a l l .  

A few Diaulula  sandieqens is  were found on the  

g r i d  s i t e s .  I t s  food source appears  t o  be Haliclona i n  

t h e  i n t e r t i d a l  b u t  i t  i s  not  known what i t  e a t s  i n  sub- 

t i d a l  a r e a s  ( G .  A .  R o b i l l i a r d ,  p e r s .  comm.) . The only 

l a r g e  specimens found were copula t ing  i n  February. 

Since Diaulula  i s  o f t e n  found on t h e  under sur face  of 



Figure  1A. S i z e  f requency d i s t r i b u t i o n s  of  t h r e e  

spec its =f n-ddibranchs f o.ciid oi-, tlie 

L a n t z v i l l e  g r i d  s i t e s  i n  a s s o c i a t i o n  

w i t h  A r c h i d o r i s  montereyens i s .  The 

appearance o f  spawn i s  marked (x) . 

One square  r e p r e s e n t s  one i n d i v i d u a l .  
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l a r g e  rocks i n  the  a r e a ,  i t  i s  poss ib le  t h a t  t h e r e  were 

hidden under the  rocks which appeared i n  the  sand 

a t  the  bottom of the  g r i d  s i t e s .  Ind iv idua l s  appear t o  

be growing during the  s p r i n g  and summer, b u t  small  

specimens were p resen t  i n  t h e  win te r  a l s o ,  which sug- 

g e s t s  t h a t  spawning t akes  p lace  a t  times o the r  than 

February. I t  appears  t h a t  Diaulaula  breeds i n  February 

and probably e a r l i e r  a s  t h e r e  were young p resen t  i n  

January. Immature ind iv idua l s  were found t o  increase  

i n  s i z e  during t h e  sp r ing  and summer. 

Aeol id ia  p a p i l l o s a ,  a  p reda to r  of sea  anemones, 

was sometimes found on t h e  lower p o r t i o n  of t h e  g r i d s  

i n  c racks  and c revasses .  Most specimens were smal l ,  

b u t  a  l a r g e  one was found i n  June and spawn was found 

i n  Ju ly .  Since smal l  specimens were p resen t  i n  June, 

breeding had probably a l s o  occurred e a r l i e r .  My d a t a  

g ives  me no reason t o  d i f f e r  from t h e  hypothesis  of 

Hecht ( l 8 9 6 ) ,  Swennen ( l 9 6 l ) ,  Mi l l e r  (1962) t h a t  Aeolidia  

p a p i l l o s a  i s  an annual with one long breeding season a  

year .  

Hermissenda c r a s s i c o r n i s ,  normally a common 



nudibranch i n  t h e  S t r a i t  of Georgia,  was n o t  found on 

t h e  g r i d  s i tes .  A scuba d i v e  i n  A p r i l ,  1970,  r evea l ed  

t h a t  t h e y  were abundant on t h e  s u b t i d a l  p o r t i o n  of  

Blunden P o i n t .  Dirona a l b o l i n e a t a  was a l s o  found sub-  

t i d a l l y  d u r i n g  t h i s  d i v e ,  a l t hough  i t  was never seen  

on t h e  g r i d  s i t e .  

I n  November, 1969, two s m a l l  Cadl ina  p a c i f i c a  

were found on t h e  g r i d  s i t e s .  They were 1 .0  and 1.2 c m  

i n  l e n g t h .  One smal l  Acanthodoris  nanaimoensis,  0.9 cm 

long ,  was t aken  i n  October,  1970. 
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