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ABSTRACT 
, 

Free-living nematodes are a major component of the fauna 

of marine interstitial environments and are frequently 

associated with intertidal and subtidal algae. A study was 

done to categorize the nematodes of a kelp, Macrocystis 

integrifolia Bory, in the Bamfield region of Barkley Sound, 

British Columbia, Canada. The feeding preferences of the pre- 

dominant free-living nematode species found on the M. - 

integrifolia blades were evaluated. 

Nine species (belonging to six families) of nematodes 

were found on the blades and three of them comprised 91-99% 

of the nematode fauna. Two monhysterids (Monhystera 

disjuncta and M_. refringens) and a chromadorid 

Prochromadorella neapolitana) occurred in all monthly samples. 

About 50% of the nematodes on the blades from July to October 

was M. refringens, which was at its peak population level - 

during these months. During the fall, the M. refringens - 

population declined to low levels prior to a progressive 

increase in population commencing in February. M. - disjuncts 

was relatively abundant throughout the year and, in particular, 

during the late winter and early spring. P. neapolitana - 

occurred in relatively large numbers in July and subsequently 

declined to a very low population in the winter and spring. 

Nematode distribution on M_. inteqrifolia appeared to be 

related to blade age and the associated food sources on the 

blade. Both monhysterids occurred in greatest abundance on 

the bottom blades of Macrocystis plants and on the middle 



b l a d e s  o f  p l a n t s  i n  deep  w a t b r .  Low numbers o f  P .  n e a p o l i t a n a  

o c c u r r e d  t h r o u g h o u t  t h e  e n t i r e  d e p t h  g r a d i e n t  on b o t h  bot tom 

and middle  b l a d e s .  Few o f  t h e s e  t h r e e  s p e c i e s  o c c u r r e d  on the 

t o p  b l a d e s .  Nematode s p e c i e s  o t h e r  t h a n  t h e s e  t h r e e  con- 

t r i b u t e d  l i t t l e  t o  t h e  abundance and d i s t r i b u t i o n  p a t t e r n s  

cbse rved  on t h e  M a c r o c y s t i s  b l a d e s .  

A l l  t h r e e  predominant  nematode s p e c i e s  showed s p e c i f i c  

r e s p o n s e s  t o  a v a i l a b l e  b a c t e r i a l  and d ia tom food  s o u r c e s  i n  

f e e d i n g  e x p e r i m e n t s .  - P. n e a p o l i t a n a  e x h i b i t e d  a  s i g n i f i c a n t  

p r e f e r e n c e  f o r  d i a t o m s ,  p a r t i c u l a r l y  Cocconeis  s c u t e l l u m  

and Gramatophora m a r i n a ,  o v e r  t h e  b a c t e r i a  s p e c i e s  under  b o t h  

s i m u l a t e d  summer and  w i n t e r  c o n d i t i o n s .  M.  r e f r i n g e n s  showed - 

no p r e f e r e n c e  towards  b a c t e r i a  o r  d ia toms  b u t  e x h i b i t e d  some 

p r e f e r e n c e  f o r  p a r t i c u l a r  d i a t o m  o r  b a c t e r i a  s p e c i e s .  Under 

b o t h  e n v i r o n m e n t a l  s i m u l a t i o n s  M .  disjuncts showed a marked 

p r e f e r e n c e  f o r  rod-shaped b a c t e r i a .  

The p r o b a b i l i t y  t h a t  t h e  s e a s o n a l  abundance and d i s t r i -  

b u t i o n  o f  t h e s e  mar ine  nematodes i s  c o r r e l a t e d  w i t h  t h e  

s e a s o n a l i t y  o f  t h e i r  food s o u r c e s ,  b a c t e r i a  and d i a t o m s ,  

i s  s u g g e s t e d .  
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disjuncta to control wells. 

Two-level ANOVA calculated on age structure 110 
(males, females and juveniles/0.5 m2) 
densities of ~rochromadorella neapolitana. 

Two-level ANOVA calculated on age structure 111 
(males, females and juveniles/0.5 m2) 
densities of Monhystera refringens. 

Two-level ANOVA calculated on age structure 112 
(males, females and juveniles/0.5 m2) 
densities of Monhystera disjuncta. 
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INTRODUCTION 

Free-living nematodes are the most abundant component 

of the meiofauna in most coastal and,oceanic sediments. They 

occur from above the highwater mark into the deepest oceanic 

trenches. Abundance and distribution studies of nematodes 

have been primarily in the intertidal and subtidal inter- 

stitial environments (Nicholas, 1975). Observers on sandy 

beaches in East Cornwall (U.K.) found that the nematode, 

population constituted 50% of the total number of meiofauna 

inhabitants (Harris, 1972a). In a subsequent study, Harris 

(1972b) observed seasonal variations in the relative proportion 

of nematodes in the meiofaunal population ranging from 35.8% 

to 67.5% of the total number. A study of core samples from 

New York City Beach (U.S.A.) indicated that marine nematodes 

numerically made up 85% of the total interstitial fauna of 

the area (Martinez, 1975). In the subtidal meiofauna of two 

New England (U.S.A.) estuaries, nematodes were the dominant 

group, averaging 83% of the total numbers and 64% of the total 

biomass (Tietjen, 1969). Further observations by Tietjen (1969) 

indicated that the nematode population had marked seasonal 

changes in species composition and this was possibly 

associated with feeding behaviour. Epigrowth feeders 

reached maximum population density in the spring and summer 

(a time of high microflora production), whereas the deposit 

feeding and omnivorous species had maximum population 

densities in the fall and winter when detritus was most 



abundant. , 

The bottom sediments are not the sole marine environ- 

ment inhabited by free-living nematodes. One habitat that 

has been insufficiently studied, in spite of nematode 

abundance, is the microhabitat imme6iately surrounding 

marine macroalgae. The nost notable contributions to this 

area have been those of Wieser who did an extensive taxonomic 

survey of marine nematodes associated with seaweeds in 

Chile (1953, 1959a) and in Plymouth ( U . K . )  (1952). In the 

Plymouth study, eight species of intertidal algae were 

sampled and he found that nematode species distribution was 

dependent on the algal species and the silt content of the 

area. Colman (1940) found nematodes to be widely distributed 

in all samples of the brown algae Ascophyllum and Laminaria 

and the red alga, Giqartina. Relative numbers as high as 

247.8 individuals for every 10.0 g wet weight of seaweed 

were recorded. A study of Fucus serratus Linnaeus, in 

Sweden showed relatively low numbers of associated nematodes 

and the highest concentration occurred in June (6.05 

individuals/g wet weight of algae) (Hagerman, 1966). 

More recent studies of nematode-algae associations have 

considered the abundance and distribution of particular 

feeding types, and the parameters affecting this ecological 

pattern. Nematode populations on the brown alga, Sargassum, 

in the Adriatic Sea, are greatly affected by the thickness 

of the epigrowth on the algae (Ott, 1967). Epigrowth 

feeders are predominant on the thalli of these plants. 



studies on the nematode fauna associated with turtle grass 

beds, Thalassia testudinum Ronig, in Flori6a, with Lzminaria 

hyperborea Gunn, holdfasts off Britain, and Sargassum 

species off Japan have shown similar results (h'opper 

and Meyers, 1967a, 1967b; Moore, 1971; Mukai, 1971). 

Nematode distribution and abundance on Macrocystis pyrifera 

(~inaeus) C. Ag., in California was shown to be closely 

related to blade age and position (Wing and Clendenning, 

1971). The degree of shelter and the accumulation of detri- 

tus afforded by seaweeds permits particular patterns of 

nematode abundance and feeding strategies (Moore, 1971; 

Wieser, l952b) . 
Investigations of trophic relationships in the marine 

environment have shown that meiofauna food webs encompass 

a wide variety of complexities and interactions. Each 

major taxonomic group has been split into distinct and 

different feeding types, with each species feeding on as 

varied a diet as can be found in their environment. Recent 

comprehensive studies have shown a great diversity of feeding 

within these taxa. Marine nematodes are without exception 

to these generalized observations. 

A large number of marine ecology studies include 

reference to marine nematodes which are notoriously difficult 

to identify. This resulted in the classification of nema- 

tode species based on their respective feeding habits. 

Although it is incomplete, it provid-es a basis for analysis 

of their food preferences. The four categories, as 



p o s t u l a t e d  by Wieser (19521a), a r e  based  on a  c o r r e l a t i o n  of 

s tomal  morphology w i t h  o b s e r v a t i o n s  on f e e d i n g  h a b i t s .  

W i e s e r ' s  f o u r  g r o u p s  a r e :  

1 A .  S e l e c t i v e  d e p o s i t  f e e d e r s :  w i t h  o r  w i t h o u t  v e r y  

reduced  s t o m a l  c a v i t y .  Food, which must be  s o f t  

and i n  s u s p e n s i o n ,  i s  i n g e s t e d  by o e s o p h a g e a l  

s u c t i o n .  Large and h a r d  p a r t i c l e s  a r e  n o t  

i n g e s t e d .  

1B. U n s e l e c t i v e  d e p o s i t  f e e d e r s :  stoma w i t h  unarmored 

cup-shaped o r  c y l i n d r i c a l  c a v i t y .  Oesophageal  

s u c t i o n  supplemented by t h e  movements of  t h e  l i p s  

and stoma i n  i n g e s t i n g  food .  Food, i n  s u s p e n s i o n ,  

i n c l u d e s  r e l a t i v e l y  l a r g e  h a r d  o b j e c t s ,  such  a s  

dia- toms,  a s  w e l l  a s  f i n e r  m a t e r i a l .  

2A.  Epigrowth f e e d e r s :  stoma w i t h  t e e t h ,  r o d s  o r  

p l a t e s .  Food may be s c r a p e d  from s u r f a c e s  f o r  

i n g e s t i o n ,  o r  ce l l s  may b e  p i e r c e d  and t h e  c o n t e n t s  

sucked o u t .  

2B. P r e d a t o r s  a n d o m n i v o r e s :  s toma w i t h  power fu l  

a r m a t u r e  o f  t e e t h  and p l a t e s .  P r e y  may b e  

swallowed whole,  o r  s m a l l  a n i m a l s  o r  a l g a l  ce l l s  

may be  p i e r c e d  and t h e  c o n t e n t s  sucked o u t  

( N i c h o l a s ,  1 9 7 5 ) .  

A s t u d y  on t h e  nematode fauna  a s s o c i a t e d  w i t h  k e l p  hold-  

f a s t s  showed 5 2 %  o f  t h e  s p e c i e s  b e l o n g i n q  t o  t h e  omnivore 

c a t e g o r y ,  2 4 %  ep ig rowth  f e e d e r s ,  18% s e l e c t i v e  d e p o s i t  

f e e d e r s  and 6 %  u n s e l e c t i v e  d e p o s i t  f e e d e r s  (Moore, 1 9 7 1 ) .  



These results indicated th,at the most important sources of 

food were the epibiota growing on the algae and that the 

sparse occurrence of the deposit feeders reflected the 

scarcity of suitable deposits within the holdfast habitat. 

Detritus is an important factor limiting the distribu- 

tion and abundance of nematode faunas (Tietjen, 1966). Teal 

and Wieser (1966), investigating the ecology of nematodes in a 

~eorgia salt March (U.S.A.), observed that'areas subject to 

the highest organic detritus levels constituted the most pro- 

ductive habitats for nematode abundance. From these 

studies, Tenore et al. (1977) have suggested that it is not -- 

the detritus which supplies the energy but rather the 

associated microbiota particularly bacteria. Bacteria 

have been suggested as the source of much of the deposit- 

feeders nourishment (Zobell and Feltham 1937, 1942). 

These bacteria for the most part, along with blue-green 

algae, diatoms, yeasts, fungi and microscoqic stages of some 

brown algae are present on the surfaces of detritial and 

granular surfaces (McIntyre and Munson, 1973; Meadows and 

Anderson, 1966). Investigation on the distribution of 

these microscopic populations have suggested that local 

and geographical differences are likely paralleled. by the 

productivity of the environment and these observed 

differences may account for the localized distribution of 

various nematode species. 

Observations from an experimental sand ecosystem 

showed that a marine nematode population varied. directly with 



t h e  r e l a t i v e  b a c t e r i a l  numbers and t h a t  t h e  v e r t i c a l  

z o n a t i o n s  o f  t h e  b a c t e r i a  and nematode were  s t r i k i n g l y  

s i m i l a r  (Boucher and Chamroux, 1976) . 
Nematodes have  a  v a r i e t y  o f  n u t r i t i o n a l  a s s o c i a t i o n s  

w i t h  c e r t a i n  s p e c i e s  of f i l a m e n t o u s  f u n g i  (Meyers,  1 9 6 3 ) .  

An Aphe lecho ides  s p .  develops  and r e p r o d u c e s  on v i a b l e  

myce l i a  o f  D e n d r y p h i e l l a  a r e n a r i a .  S t u d i e s  by Meyers and 

Hopper (1966,  19671, w i t h  f u n g a l  s u b s t r a t e s ,  found a  ' 

dominant nematode fauna  (Xetonchalaimus s p . )  c o l o n i z i n g  t h e  

f u n g a l p a t s .  N h e r e a s a  number of  mar ine  nemat0d.e i n v e s t i g a -  

t i o n s  have  probed t r o p h i c  r e l a t i o n s h i p s  i n  t e r m s  o f  s p e c i e s  

abundance and l e v e l s  o f  a t t r a c t i o n ;  a  number o f  s t u d i e s  have 

t r i e d  t o  c h a r a c t e r i z e  nematode b i o t i c  a s s o c i a t i o n s  by way 

of  f e e d i n g  e x p e r i m e n t s  and g u t  c o n t e n t s .  J e n n i n g s  and 

Colman (1970)  found. l a r g e  amounts of  mud and s i l t  i n  t h e  

g u t s  o f  a  mar ine  nematode, Pontonema v u l g a r i s  B a s t i a n ,  

s u g g e s t i n g  t h e  d i g e s t i o n  of  b a c t e r i a  and any o t h e r  o r g a n i c  

m a t e r i a l s  p r e s e n t  i n  t h e  s u b s t r a t e .  The mar ine  Monhystera 

s p e c i e s  have  been shown t o  have d e t r i t u s  t h r o u g h o u t  t h e  g u t  

and f e e d i n g  e x p e r i m e n t s  s u c c e s s f u l l y  m a i n t a i n e d  

Monhystera s p e c i e s  on t h e  b a c t e r i a :  A r t h r o b a c t e r ,  s p . ,  

Pseudomonas s p . ,  V i b r i a  s p .  and F l a v o h a c t e r i u m  s p .  

(chi twood and Murphy, 1 9 6 4 ) .  O b s e r v a t i o n s  on t h e  mar ine  

nematode, Chromadora macrola imoides  S t e i n e r ,  a  s p e c i e s  

equipped w i t h  a  long  stoma armed w i t h  t h r e e  movable t e e t h  

used t o  s c r a p e  food  from s u b s t r a t e ,  i n d i c a t e d  it t o  b e  v e r y  

s e l e c t i v e  i n  i t s  i n g e s t i o n  and d i g e s t i o n  o f  a l g a e .  Twenty 



s p e c i e s  o f  a l g a e ,  m o s t l y  d,iatom s p e c i e s ,  w e r e  t e s t e d ,  w i t h  

t h e  r e s u l t  t h a t  o n l y  e l e v e n  w e r e  e f f e c t i v e l y  u t i l i z e d  and  

o f  t h e  e l e v e n ,  o n l y  f i v e  c o u l d  s u s t a i n  g rowth  t o  t e n  

g e n e r a t i o n s  ( T i e t j e n  and Lee ,  1 9 7 3 ) .  A r e l a t e d  s t u d y  by 

~ i e t j e n  a n d  Lee (1977)  compar ing  f e e d i n g  h a b i t s  o f  two e p i -  

growth f e e d e r s  and  two n o n - s e l e c t i v e  f e e d e r s  s u g g e s t e d  t h a t  

n o t  o n l y  was s e l e c t i v e  i n g e s t i o n  a  s i g n i f i c a n t  f a c t o r  i n  

nematode f e e d i n g  h a b i t s ,  b u t  s o  a l s o  was s e l e c t i v e  d i g e s t i o n .  

The o b j e c t i v e s  o f  t h i s  s t u d y  w e r e  t o  c h a r a c t e r i z e  t h e  

abundance ,  s e a s o n a l i t y  and  d i s t r i b u t i o n  o f  t h e  p r e d o m i n a n t  

mar ine  nematode  s p e c i e s  i n h a b i t i n g  M. i n t e g r i f o l i a  - 

beds. Then,  u s i n g  d i a t o m s a n d  b a c t e r i a  i s o l a t e d  f rom M .  - 

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

t h e s e  f i n d i n g s  t o  t h e i r  s e a s o n a l - i t y  and  d i s t r i b u t i o n  on  

M. - i n t e g r i f b l i a  b l a d e s .  



DESCRIPTION OF STUDY S I T E  AND ASSOCIATED KELP 

T h i s  s t u d y  of mar ine  nematodes a s s o c i a t e d  w i t h  t h e  l a r g e  

brown k e l p ,  M a c r o c y s t i s  i n t e g r i f o l i a  Bory, was l o c a t e d  i n  

Dodger Channel  ( 4 8  50 '  04" N ,  125 11' 55" W) i n  t h e  

Bark ley  Sound r e g i o n  of  Vancouver I s l a n d ,  B r i t i s h  Columbia, 

Canada ( F i g .  1) .  The k e l p  bed e x t e n d e d  16 .0  m o u t  from t h e  

s h o r e l i n e  and had a  dep th  r a n g e  from -1 .2  t o  -5.5 m below 

mean z e r o  t i d e .  The s t u d y  s i t e ' s  s u b s t r a t e  was c h a r a c t e r i z e d  

by sand ,  r o c k  r u b b l e  and s m a l l  rock  o u t c r o p p i n g s .  I n  summer, 

t h e  k e l p  bed was f a i r l y  s h e l t e r e d  from wave a c t i o n  b u t  d u r i n g  

t h e  w i n t e r  was semi-wave exposed due t o  t h e  d i r e c t i o n  o f  

t h e  p r e v a i l i n g  winds. 

M a c r o c y s t i s  i n t e q r i f o l i a ,  ( F i g .  2 ) ,  i s  t h e  l a r g e s t  

member o f  t h e  Phaeophyceae found on t h e  B r i t i s h  Columbia 

c o a s t  ( S c a g e l ,  1971) .  I t  i s  c h a r a c t e r i z e d  by h a v i n g  a 

l a r g e  f l a t t e n e d  rh izome- l ike  h o l d f a s t  from which a r i s e  many 

d icho tomous ly  branched h a p t e r a  which a r e  used  t o  s e c u r e  

t h e  p l a n t  t o  t h e  s u b s t r a t e .  From t h i s  h o l d f a s t  e x t e n d  

e r e c t  s t i p e s  r a n g i n g  up t o  0.5 cm i n  d i a m e t e r  and 10.0 m i n  

h e i g h t .  Large  b l a d e s  a r i s e  a t  i n t e r v a l s  a l o n g  t h e  s t i p e .  

The b l a d e s  may range  from 15 .0  cm t o  1 . 5  m i n  l e n g t h  and 

5 . 0  cm t o  2 5 . 0  c m  i n  wid th .  The b l a d e s  a r e  f l a t t e n e d ,  d e e p l y  

fu r rowed ,  d e n t i c u l a t e  a l o n g  t h e  e d g e s  and have  a t  t h e i r  

p o i n t  o f  a t t a c h m e n t  a  pneumatocys t .  The main i n t e r c a l a r y  

m e r i s t e m  i s  l o c a t e d  n e a r  t h e  t o p  o f  a s t i p e ,  w i t h  a  secon- 

d a r y  m e r i s t e m a t i c  r e g i o n  l o c a t e d  a t  t h e  d i s t a l  end  o f  t h e  



F i g .  1: L o c a t i o n  o f  Dodger Channe l  s t u d y  site i n  t h e  
B a r k l e y  Sound r e g i o n *  o f  Vancouver  I s l a n d ,  B. C.  
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Fig. 2: Semi-diagrammatic sketch of Macrocystis sp. 





peurnatocyst- I 

The holdfast of M. integrifolia is perennial and new - 
~t-pe and blades are produced throughort the year with 

production rates and distribution varying seasonally (Druehl, 

1 9 7 8 ;  ~obban, 1978). With respect to blade age, three stages 

are recognized; growing tissue, mature tissue and senescent 

tissue (Lobban, 1975) . 
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MATERIALS AND METHODS 

1. Field Survey - 
a) Sampling Procedure 

To ascertain the distribution of free-living marine 

nematodes on M. - integrifolia, a single, weighted transect line 

was randomly established in a kelp bed in Dodger Channel. 

The line was secured approximately 2 m inshore from the edge 

of the kelp bed and extended through the kelp, perpendicular 

to the shore line and secured 33 m out from the inshore 

point by cement blocks. Prior to its placement in the kelp 

bed, the line was marked with coded surveyor's tape at 2 m 

intervals. Blades of M. integrifolia were collected monthly 

for one year from July 1978 to July 1979 and subsequently bi- 

monthly until November 1979, using SCUBA equipment. No data 

was collected for December 1978, August and October 1979. The 

closest plant within 1.0 m radius of each marker on the tran- 

sect line was selected for sampling. At each sampling, 

three blades were removed; one from a height of 1 m from the 

plant holdfast, one at 1 m from the distal end of the plant 

and the third at a point between the first two sampled blades. 

Specific care was taken to sample only vegetative blades and 

not sporophylls. Twelve plants at 2 m intervals were sampled 

on each sampling date. 

The blades were removed by carefully slipping a 38.5 x 

13.0 x 7.5 cm plastic bag over the sample blade which was 

then detached from the stipe and the bag was immediately 

closed and secured with a twist tie. Care was taken to 



disturb the blade as little as possible. Each sampling bag 

was coded and registered on an underwater slate. The coded 

bags were numbered as to date, transect line marker and depth. 

This procedure was repeated at each of the other eleven 

sample points and then the samples were taken to the surface 

and transported in buckets of seawater to the Bamfield Marine 

station laboratory. Time for transport never exceeded 45 

minutes. 

b) Treatment of Samples 

On arrival at the Bamfield Marine Station, the contents 

of each bag were fixed with 250 ml of a solution of 10% 

formalin in filtered seawater and left at room temperature 

for 24-36 h. Each sample was processed as follows: the 

bag was agitated so as to thoroughly mix the debris and 

detritus in the solution and on the blade surface. The 

suspension was carefully poured through a 4 4 ~  brass sieve. 

The material remaining in the sieve was then washed into a 

100 x 15 mm Petri dish. The blade was then carefully 

removed from the bag and placed into a small bath of 10% 

formalin in filtered seawater. The plastic bag was washed 

out with filtered seawater and the suspension filtered as 

described above. The blade was agitated for approximately 

one minute and then whilst being suspended by the pneumato- 

cyst, washed down twice with a 10% formalin solution from 

a plastic squeeze bottle. The bath solution was filtered 

twice through a 4 4 ~  sieve and the collected residue placed 

in a 100 x 15 mm petri dish. Every third blade was examined 



under t h e  d i s s e c t i n g  microScope ( 1 2 0 ~ )  t o  e v a l u a t e  t h e  

e f f i c i e n c y  of t h i s  p r o c e s s i n g  p r o c e d u r e  f o r  removing nema- 

t o d e s .  The c l e a n e d  b l a d e  was photographed t o  s c a l e  and 

d i s c a r d e d .  These photographs  were used  s u b s e q u e n t l y  t o  

d e t e r m i n e  t h e  t o t a l  s u r f a c e  a r e a  of  t h e  b l a d e  ( b o t h  s i z e s )  

u s i n q  a  compensat ing p o l a r  p l a n i m e t e r .  

The P e t r i  d i s h  samples were examined under  a  

d i s s e c t i n g  mic roscope  and a l l  nematodes w e r e  t r a n s f e r r e d  

by hand t o  1 . 5  c m  diam. w a t c h g l a s s e s  where t h e y  were 

p r o c e s s e d  a s  o u t l i n e d  by Sharma ( 1 9 7 8 ) .  The nematodes were 

i n d i v i d u a l l y  mounted i n  g l y c e r i n e  on permanent  s l i d e s  f o r  

i d e n t i f i c a t i o n  and s e x i n g  and f o r  e n u m e r a t i o n  w i t h  r e s p e c t  

t o  b l a d e  sample.  

c) S t a t i s t i c a l  Trea tment  

The c o l l e c t e d  d a t a  were a n a l y z e d  u s i n g  a  two- leve l  and 

t h r e e - l e v e l  a n a l y s i s  of v a r i a n c e  u s i n g  programs developed 

by Dav ies  ( 1 9 7 1 ) .  

d) Envi ronmenta l  Pa ramete r s  

Measurements of t e m p e r a t u r e  and s a l i n i t y  f o r  each  of  

t h e  sampl ing  months were o b t a i n e d  from d a t a  c o l l e c t e d  by 

D r .  L. D r u e h l  o f  Simon F r a s e r  U n i v e r s i t y  and t h e  Bamfield 

Marine S t a t i o n .  

e )  T a x o n o m i c N o t e s  

A l l  nematodes found i n  t h e  samples  w e r e  i d e n t i f i e d  a t  

l e a s t  t o  genus  and t h e  most abundant  i n d i v i d u a l s  were 

c l a s s i f i e d  t o  s p e c i e s  w i t h  t h e  h e l p  o f  t h e  major  taxonomic 

keys  and c h e c k l i s t s  o f  Chitwood ( 1 9 6 0 ) ,  G e r l a c h  and Rieman 
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( 1 9 7 3 )  a n d  Wieser (1953 ,  1 9 5 9 b ) .  Those s p e c i e s  i d e n t i f i e d  

to s p e c i e s  h a d  t h e i r  i d e n t i t y  c o n f i r m e d  by M r .  B r u c e  

Hopper, A g r i c u l t u r e  Canada,  O t t awa ,  



11. ~ e e d i n g  P r e f e r e n c e  Exper iments  
I 

a C u l t u r e  of Nematodes 

L i v i n g  nematodes,  c o l l e c t e d  a t  random from t h e  midd le  and 

bottom samples  of M. - i n t e u r i f o l i a  b l a d e s  from January  t o  J u l y  

1980, were e x t r a c t e d  by t h e  s i e v i n g  p r o c e s s  d e s c r i b e d  above and 

t h e n  t r a n s f e r r e d  t o  105 cm2 Corning T i s s u e  C u l t u r e  F l a s k s ,  

~ o n t a i n i n g  400 m l  of f i l t e r e d  s e a w a t e r  and s e v e r a l  s m a l l  p i e c e s  

of b l a d e  o f  M. i n t e g r i f o l i a .  The f l a s k s  were  i n c u b a t e d  a t  7 C - 
w i t h  a  12/12 h o u r  day (25oUw/cm2) / n i g h t  c y c l e .  With in  2 4  h ,  

t h e  c u l t u r e  f l a s k s  were t r a n s p o r t e d  i n  an  ice  c h e s t  from 

 amf field t o  t h e  Simon F r a s e r  U n i v e r s i t y  l a b o r a t o r y ,  where t h e y  

w e r e  i n c u b a t e d  a t  10 C w i t h  a  16/8 hour  day ( 2 5 0 ~ ~ / c m ~ ) / n i ~ h t  

c y c l e .  

The nematodes were m a i n t a i n e d  i n  such  an  a g n o t o b i o t i c  

c u l t u r e  I n  which e v e r y  day. f o r  t h e  f i r s t  week 300 m i  o f  t h e  

c u l t u r e  s e a w a t e r  was r e p l a c e d  by a n  e q u a l  amount of a u t o c l a v e d ,  

f i l t e r e d  s e a w a t e r .  T h e r e a f t e r ,  t h i s  p r o c e d u r e  was performed 

o n l y  once p e r  week. The l a r g e r  c o m p e t i t i v e  and/or  p r e d a t o r y  

i n v e r t e b r a t e s  w e r e  removed from t h e  c u l t u r e s .  

The t h r e e  n o s t  abundant  nematode s p e c i e s  were i s o l a t e d  

by hand from t h e s e  c u l t u r e s  and p l a c e d  i n t o  s e p a r a t e  c u l t u r e  

f l a s k s  c o n t a i n i n g  o n l y  d e t r i t u s  and p i e c e s  of M .  i n t e g r i f o l i a  - 

i n  a u t o c l a v e d  f i l t e r e d  s e a w a t e r .  Once e a c h  week, 5 m l  o f  

monoxenic d i a t o m  and b a c t e r i a l  c u l t u r e s  i s o l a t e d  from M_. 

i n t e g r i f o l i a  b l a d e  samples w e r e  added t o  t h e  f l a s k s  t o  supp le -  

ment t h e  nematodes d i e t .  When t h e  n e x t  g e n e r a t i o n  of  nematode 

l a r v a e  a p p e a r e d ,  a d d i t i o n a l  nematode c u l t u r e s  w e r e  i n i t i a t e d ,  



using the techniques described tabove. Hence, a large population 

of each of the three species was maintained in culture and 

available for the food preference experiments. Observations on 

the life cycles of these nematode species were made during the 

development of these cultures. 

One half of these nematode cultures were maintained under 

simulated winter conditions at 5 C with an 8/16 hour (250~~J/cm~) 

/night cycle and the? renaining half were maintained under 

simulated summer conditions (10 C, 16/8 h day/night). It was 

possible, subsequently to make comparisons with respect to 

feeding preferences under two environmental conditions. Under 

both conditions, salinity was maintained at 31%. 

b Culture of Food Sources 

Bacteri and diatom species used in the food preference 

experiments were isolated from the detritus and from blade 

scrapings. Bacterial species were isolated in standard Petri 

dishes containing Difco Marine Broth and 1.0% Difco Bacto Agar. 

The cultures were maintained at room temperature on a 12/12 

hour day/night light cycle. Four bacterial species were 

isolated from these blades by standard microbiological 

techniques and then maintained on liquid and solid media at 

10 C on a 16/8 hour day/night cycle (Table 1). 

Eight marine distom species were isolated by hand from 

blade scrapings using elongated Pasteur Pipettes (Table 1). 

These species were incubated in sterile " S "  medium (Lee et al. -- 
1970) at 22 C on a 16/8 hour day/night cycle. Every 



1: D i a t o m  (Dl-D8) a n d  b a c t e r i a  ( B l - B 4 )  s p e c i e s  i s o l a t e d  
f rom M a c r o c v s t i s  i n t e a r i f o l i a  b l a d e s  a n d  u s e d  i n  
t h e  f e e d i n g L  p r e f e r e n c e  e x p e r i m e n t s .  

Dl -- * Gramatophora  m a r i n a  (Lyngb.)  Kutz  
~2 - * ~ h o i c o s p h e n i a  c u r v a t a  ( K u t z )  Grunow 
D3 - N a v i c u l a  j a m a l i n e n s i s  C l e v e  
~4 - * S y n e d r a  t a b u l a t a  (Ag.) Kutz  

Exper iment  I1 

D5 - Gomphanema o l i v a c e u m  (Lyngb. )  Kutz  
D 6  - * C o c c o n e i s  s c u t e l l u m  E h r .  
D7 - * Achnan thes  l o n g i s s i p e s  A g .  
D8 - Amphora a c u t i u s c u l a  Kutz  

S i z e  (.;rn) 

L e n g t h  Width 
35 - 4 0  6 - 7 
35 - 40 8 - 10  
25 - 50 1 5  - 25 
2 5  - 140 3 - 6 

Exper iment  111, I V  and  V 

B1 - r o d ,  G r a m n e g a t i v e  r o u n d ,  w h i t e  c o l o n y  
B2 - c o c c o i d ,  Gram p o s i t i v e  round ,  y e l l o w  c o l o n y  
B3 - r o d ,  G r a m  n e a g t i v e  r o u n d ,  o r a n g e  c o l o n y  
B4 - c o c c o i d ,  Gram p o s i t i v e  round ,  d a r k  y e l l o w  c o l o n y  

* s p e c i e s  a s s o c i a t e d  w i t h  M .  i n t e g r i f o l i a  f rom Roland  ( 1 9 8 0 ) .  - 



week these cultures of diatom species were checked for the 

presence of bacteria and marine fungi in the culture tubes 

by subculturing on Petri dishes containing Difco Marine 

~roth. Cultures with high populations of bacteria and/or 

marine fungi ( > 5  colonies) were re-isolated and new 

cultures were initiated. Under this checking system, diatom 

cultures containing low bacterial and/or fungal populations 

were maintained. 

c Experimental Design 

Experiments were designed to demonstrate the feeding 

preferences of the three most abundant nematode species 

found on M. - integrifolia. The "cafeteria" design as 

described by Lee et al. (1977) was employed with the -- 

following modifications. Twenty-four hours prior to the 

feeding experiment, adult male and female nematodes of . 
each species were isolated by hand from the cultures. They 

were washed in autoclaved, filtered seawater containing 100 

units of the bactericidal Polymyxin B, for 6 hours. The 

individual species were then separated by sex and placed in 

culture flasks containing only autoclaved filtered seawater 

for 18 hours. 

The nematodes were transferred one at a time into 

wells, made by a sterilized #13 cork borer ( 2  cm diam), in 

a Petri plate (150 x 25 mm) containing 40 ml of 0.4% sea- 

water agar. The well pattern was such that a central and 

eight equidistant peripheral wells were located on the 

plate. Subsequently, 0.7 ml of bacteria or diatom 



w e r e  p l a c e d  i n  ~ a c h  o f  f o u r  a l t e r n a t e  p e r i p h e r a l  

w e l l s  and t h e  remaining p e r i p h e r a l  w e l l s  were f i l l e d  s i t h  

0 . 7  m l  o f  s t e r i l e  c u l t u r e  media. Large  c o v e r s l i p s  ( 2 9  x 50 

rnm) were t h e n  p l a c e d  o v e r  e a c h  w e l l .  C o n t r o l  p l a t e s  had 

e i g h t  w e l l s  f i l l e d  w i t h  s t e r i l e  c u l t u r e  media. 

Diatom p o p u l a t i o n s  o f  1 .0  x 10' + - 1 . 0  x  l o 3  

i n d i v i d u a l s / m l  were i n o c u l a t e d  i n t o  t h e  d e s i g n a t e d  

food w e l l s .  R a c t e ' r i a l  food w e l l s  were  i n o c u l a t e d  w i t h  

1 . 0  x 106/ml  + - 1 . 0  x  104/ml  (Bobbie e t  a l . ,  1 9 7 7 ) .  -- 
One hundred a d u l t  nematodes (1:l s e x  r a t i o )  of  one o f  

t h e  t h r e e  s p e c i e s  w e r e  p l a c e d  i n  s e a w a t e r  i n  t h e  c e n t r a l  

w e l l  and covered  w i t h  a  c o v e r s l i p .  The a g a r  p l a t e  was t h e n  

c a r e f u l l y  covered  w i t h  a  0.5 c m  deep  l a y e r  o f  s t e r i l e  s e a -  

wa te r  a f t e r  which a l l  t h e  c o v e r s l i p s  w e r e  c a r e f u l l y  removed. 

Four r e p l i c a t e  p l a t k s  and one  c o n t r o l  p l a t e  f o r  e a c h  o f  t h e  

diatom o r  b a c t e r i a  f e e s i n 9  p r e f e r e n c e  experiments were es- 

t a b l i s h e d  f o r  e a c h  nematode s p e c i e s .  Two a z d i t i o n a l  e x p e r i -  

a e n t s  w e r e  done u s i n g  Monhystera d i s j u n c t a  B a s t i a n  und-er 
- .  

s i m u l a t e d  summer c o n d i t i o n s .  They i n v o l v e d  expos ing  t h i s  

nematode s p e c i e s  t o  e i t h e r  a l l  r o d  o r  c o c c o i d  b a c t e r i a  

s p e c i e s  under  t h e  same " c a f e t e r i a "  d e s i g n .  

Each o f  t h e  f o u r  e x p e r i m e n t a l  p l a t e s  w e r e  o r i e n t e d  a t  

r i g h t  a n g l e s  t o  t h e  p l a t e  t o  i t s  l e f t  o r  r i g h t  and t h e  

c o n t r o l  p l a t e  was p l a c e d  i n  t h e  c e n t e r  of  t h e  group of  

f o u r  e x p e r i m e n t a l  p l a t e s .  The e x p e r i m e n t s  w e r e  conduc ted  

under s i m u l a t e d  summer (10 C ,  16/8 h  d a y / n i g h t  c y c l e )  and 

w i n t e r  ( 5  C ,  8/16 h  d a y / n i g h t  c y c l e )  c o n d i t i o n s .  The 



*ematode inoculated plates were left under these conditions 
I 

for 72 hours and then the number of 

each well was counted and sexed. 

Detailed observations on the 1 

nematodes present 

ife cycle were col lected 

only for M. - disjuncts. 

d) Statistical Treatment 

The data from the nematode feeding preference experi- 

ments were analyzed by the x2 test, two-level ANOVA and the 

Student-Pewman-Keuls test (Sokal and Rohlf, 1969) . 



- 22 - 

RESULTS I 

a) Observations on Physical Parameters 

Surface water temperature (Fig. 3) ranged from 6.1 C 

to 14 C and surface water salinity from 29.4Lto 32.08. 

The lowest temperature occurred in January and the highest 

in July. The highest salinity occurred during the summer 

months. 

b) Nematode Species Composition 

Nine nematode species belonging to six families were 

found associated with M. - e inteqrifolia (see Table 2). They 

were identified and classified accordinq to the system of 

Chitwood and Chitwood (1950) as modified by Gerlach and 

Rieman (1973). Three of these species constituted 91.0 - 

99.1% of the total nematode population in the M. integrifolia - 

samples. The most abundant species were Monhystera 

disjuncta, M. refringens and Prochromadorella neapolitana. - 

c) Seasonal Species Changes 

i) Prochromadorella neapolitana 

Mcst - P. neapolitana were found in early and mid-summer 

(~ig. 4). The largest percent abundance levels occurred 

in July 1978 and 1979 (40.3% and 37.6% respectively). Low 

numbers of this species were recorded for the remainder of 

the year except for November 1978 and 1979, when there was an 

increased frequency to 24.3% and 22.4% respectively. The 

age structure for P. neapolitana, represented as the per- - 
Centage of males, females and juveniles, is given in Fig. 4 



Fig. 3: Temperature and salinity in Dodger Channel over 
the sampling period 1 9 7 e  - 1979. 
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 able 2: C h e c k l i s t  o f  f r e e - l i v i n g  nema todes  found  i n  
b l a d e  s a m p l e s  o f  M a c r o c y s t i s  - i n t e g r i f o l i a .  

k 
b 

3 C l a s s  Adenophorea 

o r d e r  Araeo  l a i x i 2 a  
I 

F a m i l y  Axon la imidae  
S u b f a m i l y  D i p l o p e l t i n a e  
Araeo la imus  
P 

A. e l e g a n s ,  Derz;an, 1888 - - 
o r d e r  P lonhys t e r ida  

F a m i l y  P o n h y s t e r i d a e  
Subfami ly  M o n h y s t e r i n a e  
Nonhvs t e r a  
y s j u n c t a ,  - B a s t i a n ,  1865  

M. r e f r i n q e n s ,  B r e s s l a u  & S t e k h o v e n .  1935 

Orde r  Chromador ida  

F a m i l y  Chromador idae  
S u b f a m i l y  Chromador inae  
Chromadora 

C.  n u d i c a p i t a t a ,  B a s t i a n ,  1865  - 
Chromador ina  

C.  l a e t a ,  M i c o l e t z k y ,  1924 - 

P r o c h r o m a d a r e l l a  
P.  n e a p o l i t a n a ,  Y ico l . e t zky ,  1924 - 

F a m i l y  C y a t h o l a i m i d a e  
S u b f a m i l y  D a r a c a n t h o n c h i n a e  
~ a r o c a n t h o n c h u s ,  M j  c o l e t z k y  , 1924 

D a r a c a n t h o n c h u s  s p .  

O r d e r  E n o p l i d a  

Fami ly  An t i comidae  
Anticoma 
T a c u m i n a t a ,  - B a s t i a n ,  1865 

F a m i l y  Oncho la imidae  
S u b f a m i l y  Oncho la iminae  
Oncholaimus 
m a r d i n i ,  - DeMan, 1876 



Fig. 4: -- Per cent distribution and age structure of 
Prochromadorella neapolitana over the sampling 
period 197'8 - 1979. 





and Table 3. Their densities were found to be significant 

across the sampling period (see Appendix 21). Yales were 

found in low frequencies except in June, July and November. 

In the months of September 1978, February and March 1979, 

none were found in the samples. Females were found in 

every month sampled and wer2 very frequent except in 

september 1978, 1979, October 1978 and January 1979. There 

were low frequencies of juveniles in all the sampled months 

except those in the summer. No juveniles were recorded 

from the February 1979 samples. 

ii) Monhystera refringens 

Xonhystera refringens occurred throughout the sampling 

years of 1978 and 1979 (Fig. 5). It had the highest frequency 

of occurrence during the early fall. The lowest frequency 

of occurrence was mid-winter and, thereafter, there was a 

gradual increase in population from January (11.0%) to 

September 1979 (44.1%) . Densities of males, females and 

juveniles were found to be significant in all the sampled 

months (see Appendix 22). The age structure of this species, 

expressed as the percentage of males, females and juveniles, 

is given in figure 5 and Table 4. Males were less frequent 

in the population samples than either females or juveniles 

and exhibited little intersample variation with the exception 

of slight increases in the fall months. In particular, 

juveniles occurred. most frequently 3.urinq the early fall 

and contributed greatly to the increased overall fall 

frequencies for this species. 



Table 3:  Total number/0.5,m2 and per cent abundance of 
C___ 

males, females and juveniles of Prochromadorella - 
neapolitana over sampling period 1978 - 1979. 

~ o n t h  Total No. Males 

+! 9 

z u l y  ' 7 8  

Aug . 
Sept . 
Oct. 

Nov. 

D e c .  

Jan. ' 7 9  

Feb. 

March 

A p r i l  

May 

June 

J u l y  

Aug . 
Sept. 

Oct . 
Nov. 

Females Juveniles 

Mean 5 5 . 9  1 2 . 4  1 9 . 5  2 7 . 4  5 4 . 5  1 6 . 1  2 6 . 0  

S . D .  + 5 4 . 0  + 1 3 . 3  + 1 3 . 4  + 2 3 . 2  + 1 6 . 6  + 1 9 . 3  + 1 0 . 7  - - - - - - - 



Fig. 5: Per cent distribution and age structure of 
Monhystera refringens over the sampling period 
1 9 7 8  - 1 9 / 9 .  





Table 4: Total number/0.5 m2 and per cent abundance of 
males, females and juveniles of Monhystera 
refringens over sampling period 1978 - 1979. 

Month Total KO. F: a l e s 

~ u l y  '78 64 

Aug . 16 0 

S e ~ t .  137 

Oct. 16 8 

Nov . 69 

Dec. -- 

Jan. '79 34 

Feb. 34 

March 42 

April 75 

May 67 

June 147 

July 112 

Aug . -- 
Sept. 134 

Oct. -- 
Nov. 74 

Females 

Mean 94.0 23.6 25.5 40.5 43.8 29.9 30.7 

S.D. +47.5 - +13.1 + 7.0 +19.6 + 9.0 +17.6 + 8.1 - - - - - - 



iii) Monhystera disjuncts - - 
Seasonal variations in the relative abundance of 

males, females and juveniles of this species are shown in 

figur-e 6. M. disjuncta was present throughout the year but - 
was most abundant in the winter months (January to March). 

The population of this species was lowest in the summer 

months, and in particular in June 1979 and July 1978, 1979 

when it showed 30.0% and 28.7% relative abundance respec- 

tively. The relative abundance in successive fall periods 

for 1978 and 1979 were closely similar with a range of 

44.0% to 50.0% of the total population. Densities of males, 

females, and juveniles exhibited no significant monthly 

variation (see Appendix 2 3 ) .  Examination of the age 

structure of M. disjuncta from July 1978 to November 1979 - 

showed that females were the predominant componect of the 

population (Fig. 6, Table 5). With the exception of the 

mid-summer months, (June and July), the male and female 

populations exhibited little relative variation between 

months. The percentage frequency of the juvenile com- 

ponent in the population was less, particularly in July 

1978, 1979, in comparison to the fall. 

iv) Other species 

Seasonal variations in the relative abundance of all 

other species found on M. integrifolia are shown in Fig. 7. - 
These speciss ccmprised no more than 9.0% of the total 

population in any one month sampled. Fluctuations in the 

age structure of the population were not usually determined 



Fiq. 6: Per cent distribution and ase structure of 
2 

Monhystera disjuncta over the sampling period 
1 9 7 8  - 1 9 7 9 .  - -  





Table 5: Total numher/0.5 rn2 and per cent abundance of 
_I__ males, females and juveniles of Monhystera 

disjuncta over sampling period. 

14onth Total No. Males 

?/ % 

~ u l y  '78 77 41 53.2 
Br?i AUg . 1 6 2  

I" d 6 6  n n  c. 
rn T V .  J 

Sept . 152 33 21.7 

Oct. 171 58 33.9 

Nov. 138 36 26.1 

Dec. -- -- -- 
4~ 

Jan. '79 237 82 34.6 
I 

B Feb. 155 59 38.1 

March 155 40 25.8 

April 174 5 8 33.3 

May 189 39 20.6 

June 142 33 23.3 

July 116 50 43.1 

Sept . 142 32 22.5 

Nov. 122 33 27.0 

Females Juveniles 

Mean 152.4 47.1 31.7 73.9 48.1 31.4 20.2 

S.D. +37.0 - +15.4 +9.6 +21.3 +7.1 +14.0 +8.0 - - - - - - 



Fig. 7: Per cent distribution of the non-predominant 
nematode species over the sampling period 1978 - 
1979. 
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because of the low total numbers of these species. 

d) Species Distribution 'on Kelp 

The distribution over the surface of M. integrifolia - 
of the three most abundant species of marine nematodes is 

shown in figures 8-19 and of the remaining species in the 

population in figures 20-23. Most individuals of each of 

the three predominant species were located on the lower 

blades. Significantly fewer nematodes of each species 

occurred on the mid-blades and very few on the upper ones. 

spot samples and ad hoc observations showed that the nerna- -- 
todes were distributed evenly along the length and only 

on the top surface of the blade. 

The number of individuals on M. integrifolia increased - 
with depth of water and this was especially so with the 

number on the mid and lower blades. A two-way ANOVA was 

done of the data from each of the twelve grid points along 

the transect line arranged into three groups, each of four 

points. This showed that for the three predominant nematode 

species, blade position was a significant factor (P < 0.005) 

in their distribution (Tables 6 - 2 ) .  Further, for most of 

the sampling times, the distribution of most of the nema- 

todes was related to blade position on the stipe ( P  < 0.005) 

and only rarely significantly to depth (Table 9). 

These generalizations hold true for M. disjuncta with 

only July 1978, 1979 exhibiting a deviation from these above 

trends (Fgis. 16 and 18) . 
M. - refringens exhibited. these general distribution 

patterns primarily in the late summer and early fall months. 



Fig. 8: Density of Prochromadorella neapolitana (nematodes/ 
0.5 m2) on top,' mia-n'e ana%ottom blade samples 
of Macrocystis integrifolia along a depth transect 
gradient ,from July 1978 to October 1978 (from deep 
to shallow depth). 





Fiq. 9: Density of Prochromadorella neapolitana (nematodes/ 
0.5 m2) on top, middle and bottom-blade samples 
of Macrocystis integrifolia along a depth transect ' 
from November 1978 to ~ a r c x  1979 (from deep to 
shallow depth) . 





Fig. 10: Density of Prochromadorella neapolitana (nematodes/ 
0.5 m2) on top, miFiXle and bottjm blade samples 
of Macroc stis inte rifolia along a depth transect 
from +-% April 1 79 to Ju y 9 9 (from deep to shallow 
depth). 





F i g .  11: D e n s i t y  o f  P r o c h r o m a d o r e l l a  n e a p o l i t a n a  (nematodes/  
0 . 5  m 2 )  on  t o p ,  rnimle and  b m  samples  
o f  X a c r o c y s t i s  i n t e q r i f o l i a  alonq a d e p t h  t r a n s e c t  -. -- 
o r c e C e a m b e r  1 9  79  ( f r o m  d e e p  to 
shallow d e p t h )  . 
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NOV 79 
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Density of Monhystera refringens 
0.5 m2) on top, middle and bottom 
of Macrocystis integrifolia along 
from J u l y  1978 to October 1978 ( f  
shallow depth). 
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Dens i ty  of Monhystera r e f r i n g e n s  (nematodes/ 
0 . 5  m2) on top., iniadle and bottom b lade  samples 
of Macrocyst is  i n t e g r i f o l i a  a long  a 2ep th  t r a n s e c t  
from--November 1 9 7 8  t o  March 1 9 7 9  (from deep t o  
sha l low depth)  . 





Fig. 14: Density of Monhystera refringens (nematodes/ 
0.5 m2) on top, middle and bkit'tom blade samples 
of Macrocystis integrifolia along a depth transect 
from April 1979 to July 1979. (from deep to shallow 
depth). 
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of Macrocystis integrifolia along a depth transec for- September and November 1979 (from deep to 
shallow depth). 
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Fig. 16: Density of Monhystera disjuncta (nematodes/0.5 m2) 
on top, middle and bottom blade samples of 
Macrocystis integrifolia alonq a depth transect 
from July 1978 to October 1978 (from deep to 
shallow depth) . 





Fig. 17: Density of Monhystera disjuncta (nematoZes/0.5 m2) ' 
on top, mid?ile' and bottom blade samples of I - 
Yacrocystis integrifolia along a depth transect i 
from November 1978 to >larch 1979 (from deep to I 

shallow depth) . 





Fig. 18: Density of Monh s tera  disjuncts (nematodes/0.5 n') 
--y-h on top, middle and o t m l a d e  samples of 

Macrocystis intcgrifolia along a depth transect 
Gni A p r i l  1 m t o  July 1479 (from deep to shallow 
depth). 
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Fig. 19: Density of Monhystera disjuncts (nematodes/0.5 m2) 
on top, middle'and~ttom brade sam~les of 
Macrocystis inteqrifolia along a depth transect 
for September in?i November 1979 ( f r &  deep to 
shallow# depth). 
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Fiq. 20: Density of non-predominant nematode species 
(nematodes/O. 5 m2) on top, middle and bottom 
blade samples of Macrocystis integrifolia along 
a depth transect Tram ~ u l y T 9 7 8  to October 1978 
(from deep to shallow depth). 





Fig. 21: Density of non-predominant nematode species 
(nematodes/0.5 m2) on top, middle and bottom blade 
samples of Macrocystis integrifolia along a depth 
transect from- ~ovsmber  1978' tb March 1979 (from 
deep to shallow depth). 





Fig. 22: Density of non-predominant nematode species 
(nematodes/O. 5 m2) on top, middle and bottom blade 
samples of Macrocystis integrifolia along a depth 
transect from ~pr'i~~l979 'to July 1979 (from deep 
to shallow depth). 
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Fig. 23: Density of non-predominant nematode specizs 
(nematodes/0.5 m2) on top, middle and bottom 
blade samples of Macrocystis integrifolia along 
a depth transect for -September and November 1979 
(from deep to shallow depth). 
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TABLE 6.  D i s t r i b u t i o n  o f  Prochromadorel l a  neapol i t ana  wi th  r e f e r e n c e  
t o  Macrocys t i s  i n t e g r i f o l i a  blade p o s i t i o n  and depth F va lue s  
f o r  a  grouped twq-level  A N O V A  c a l c u l a t e d  on t h e  number of  
n a i a t o d e s / 0 .  05m2 f o r  each sarripl e month. 

Blade 
Blade P o s i t i o n  Depth P o s i t i o n  X Depth 

- Month F2,24 s i g n i f i c a n c e  F3 ,24 S i g n i f i c a n c e  F z Y z 4  S i g n i f i c a n c e  

J u l y ,  1978 20.54 *** 1 . 8 3  n . s .  0 .30 n . s .  

August 1  .90 n .  s .  0 .63  n.s.  0.1 9  n. s .  

September 0 .50  n . s .  1  . I1  n . s .  . 1 .24 n . s .  

October 1 . 9 0  n .  s .  1.17 n . s .  0.7 7  n.s.  

Novem ber  9 .02 *** 0 .63  n.s .  0: 29 n.s.  

J a n . ,  1979 6 .12  

Fe br ua ry  8 .05  

March 3.47 

Apri 1  3.31 

May 7.54 

June 1 0 . 3 3  

Ju1 y  13 .27  

August - 

September 1  . 73  

November 6.27 * * 1.14 n . s .  0 .89 n . s .  



TABLE 7  D i s t r i b u t i o n  o f  Monhystera r e f r i n g e n s  w i t h  r e f e r e n c e  t o  
M a c r o c y s t i s  i n t e  r i f o l i a  b l a d e  p o s i t i o n  and dep th  F v a l u e s  f o r  

_jr__ a grouped two eve1 ANOVA c a l c u l a t e d  on t h e  number o f  
nerna t o d e s / 0 .  5rn2 f o r  each sample v o n t h .  

B lade  

Month 
B lade  P o s i t i o n  Depth 

F2,24 S i g n i f i c a n c e  F3,24 S i  g n i  f i c a n c e  

J u l y ,  1978 5.75 * * 0 . 2 0  n . s .  

August  11.46 *** 0.64 n .s .  

September 15.97 *** 2.84 n .s .  

October  21 .25 **x 1.34 n . s .  

November 6.37 ** 0.61 n . s .  

December - - - - 

Jan., 1979 6.68 **x 1.05 n .s .  

February  

March 

A p r i  1 

May 

June 

J u l y  

August  

September 

October  

November 

P o s i t i o n  X Depth 

F2 ,24 S i  gn i  f i  cance 
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I 

TABLE 8 .  D s s t r i b u t i o n  o f  Monhys te ra  disjuncts w i t h  r e f e r e ~ c e  t o  
M a c r o c y s t i s  i n t e g r i f o l  i a  b l a d e  p o s i t i o n  and d e p t h  F v a l u e s  
f o r  a g rouped t w o - l e v e l  ANOVA c a l c u a t e d  on  t h e  number 
o f  nematodes/0.05m2 f o r  each sarnpl e  month .  

C 
! B l a d e  

B l a d e  P o s i t i o n  Dep th  P o s i t i o n  X Depth 
Month F2, 24 S i g n i f i c a n c e  F3,24 S i g n i f i c a n c e  F2, 24 S i g n i f i c a n c e  

August  23 .1  5 *** 0 . 8 0  n . s .  0 .75  ' n . s .  

September 5 .74  ** 1 . 2 3  n . s .  0.84 n . s .  

Oc tobe r  21 .62  0.72 n . s .  0 .33  n . s .  *** 

November 4 .94  * 0 .20  n .s .  0 . 3 8  n . s .  

December - - - - - - 

Jan. ,  1979 7 .50  *** 1 .17  n . s .  1  .42 n . s .  

F e b r u a r y  20 .80  * ** 0.21  n . s .  0.30 n .  s .  

March 1 1  .87  *** 0.01 n . s .  0 .17  n . s .  

A p r i  1  8 .46  *** 0.20  n . s .  0.06 n .  s .  

May 10 .46  *** 0.70  n . s .  0.27 n . s .  

June 1 6 . 2 9  *** 1 .16  n . s .  1 . 0 2  n . s .  

J u l y  5.61 ** 0 .39  n . s .  0.1 3  n . s .  

Augus t  - - - - - - 

September 5.91 ** 1  .16 n . s .  0 .22  n .  s .  

Oc tobe r  - - - - - - 

November 1 1  -61  *** 0.70 n . s .  0 .89  n . s .  

*** P<O. 005 
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The remainder of the year, mid and bottom blade samples had 
I 

few individuals and there were very low or no indivi3uals 

associated with the top blades (Figs. 12-15). 

The distribution of P. neapolitana was similar to that - 
of M. - disjuncta and M. refringens for the months of July - 
and Novenber 1978 and May to July 1979 (Figs. 8-11). For the 

remainder of the year distribution was difficult to ascertain 

because of low numbers. 

Distribution of the remaining nematode species is shown 

in Figures 20-23. However, due to their low numbers and to 

combined grouping of the species, no distribution trends 

on the blades could be confidently established. 
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DISCUSSION I 

Althongh the area of nematode/algal associations is 

not well docume~ted, pnSlishe6 studies show that certain 

nematode taxa are commonly found in association with a 

variety of marine algae (Colman, 1940; Hopper, 1970; 

L'Hardy, 1962). T i l l  the fully identified ne~atodc species 

recorded on the kelp in the present study have been recorded 

previously as being associated with algae (Wieser, 1953). 

The three most abundant nematode species have been recorded 

as being associated with algal species ranging from members 

of the Laminariales (Chitwood and Murphy, 1964; Moore, 1971, 

1973a, 1973b; Wieser, 1952a) to Zostera marina (eelgrass) 

beds (Hopper and Meyers, 1967a, 1967b) . The other species 

' that have been recorded as seaweed associates include 

Araeolaimus elegans, Paracanthanchus sp., Anticoma 

acuminata and Oncholaimus dujardinii on Laminaria hyperborea 

(Tlloore, 1971) and 0. dujardinii on turtle grass (Hopper and - 
Meyers, 1967a) and some intertidal algae (Wieser, 1952b). 

The other two species, Chromzdora nudicapitata and 

Chromadorina laeta have not been recorded as algal associates 

in any studies other than the Chilean survey by Wieser 

(1953). Generally, chromadorids appear to be the dominant 

group of nematodes associated with algae. In fact, Ecpper 

and yeyers (1967a) found that two chromadorids, Chromadora 

macrolaimoides and Chromadorina epidemos Filipjev, in two 

separate Thalassia beds, comprised over 60% of the rematode 



fauna. Wieser (1952b), stidying the microfa~~na inhabiting 

intertidal seaweeds on rocky coasts, and Tietjen and Lee 

(1973), ebserviccj estuarine nematode popu1ation.s on 

Enteromorpha intestinalis Link and Z. marina, found - 
chromadorids to be the dominant qroun. Moore (1971, 1973a, 

1973b) foufic? that ecoplids were predominant in the holdfasts 

of Laminaria hyperbnrea. In the present study on M. - 
integrifolia, the chromadorids represented the largest 

single number of species, four of nine. However, the 

monhysterids were the most abundant. 

Investigators have sometines tried to associate 

nematode feeding strategies, based on Wieser's (1952) 

classifications, with nem~.todes found on marine algae. 

They have found that the epigrowth feeders are generclly 

the dominant group (Hopper and Meyers, 1967a, 1967b; 

Tietjen and Lee, 1973). In the present study, chromadorids 

are considered to be equivalent to Wieser's (1952a) 

epigrowth feeders, the monhysterids equivalent to the 

nonselective feeders, the oncholaimid as omnivores and the 

araeolamids and anticomid as selective deposit feeders. 

As chromadorids are very abundant in algal habitats the 

dominance of the epigrowth feeding type is supported. 

Hopper and Meyers (1967b) found the epigrowth feeders to 

comprise 58% - 9 5 %  of the total nematode fauna. However, 

in the present study as monhysterids are the most abundant 

species on Macrocystis, there is an overall doninance of the 



non-selective feeding type except during the summer months 

(see Figs. 4-6). 
I 

The most striking aspect of nematode distribution on 

the kelp is the marked seasonal differences in the nematode 

pop~~lations. In particular, the three most abundant 

species show distinct seasonal variations in their abundance 

(Figs. 4-6 and Tables 3-5). The most distinct pattern is 

exhibited by the chromadorid, P. neapolitana, which Wieser - 
(1953) considered to be an epigrowth feeder. For most of 

the year, P. neapolitana ranges from 2% - 12% of the total - -  

nematode population but in the late spring, the population 

increases greatly to a maximum in mid-summer (see ~ i ~ .  4). 

The increase is characterized by the addition of substan- 

tially more juveniles and males. Hopper and Meyers (1967a) 

fou~d similar results, in that populations of epigrowth 

feeders were lowest during the early spring and increased 

to a maximum during the summer. 

Observations on two other chromadorids, Chromadora 

macrolaimoides and Chromadorina germanica ~utschli, both as- 
- .  , 

sociated with Enteromorpha intestinalis 
- .. - - 

Link , exhibited 

their highest abundance during the early and mid-sumer months 

respectively (Tietjen and Lee, 1973, 1977). Some researchers 

have suggested that these large increases in population of 

epigrowth feeders during the summer months may, in part, 

be associated to a correspond-ing increase in the epiflora, 

especially diatoms, which are a major food source for the 

species (Hagerman, 1966; Tietjen and Lee, 1973). It has 
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been suggested that the species diversity of the epiphytes 

on the alga has a greater effect than does the specificity 
I 

of the nenato3es on the alga itself (Hoppsr and X e y e r s ,  

1967a: Ott, 1967). 

In addition to food availability, the influence of 

temperature was proSably an'important parameter 

affecting the reproductive potential of - P. neapolitana. 

Tietjen and Lee (1977a) observed that - C. germanica had the 

shortest generation times, 12-15 days, at 26 O/OO and 20-30 C. 

Chromadorina germanica was most abundant in July and August -- 
when the average temperature and salinity was 24 C and 25 O/oo 

respectively. At temperatures below 20 C, the generation 

time increased to nearly 100 days. It may be that the low 

winter and spring tempcratures in Dodger Channel lengthen 

the generation time of - P. neapolitana and thus, in part, 
- -- 

explain the low abundance levels. 

The two mo~.hysterids found in the M. - integrifolia 

blade samples exhibit different seasonal variations from 

P. neapolitana. Both species are over 20% of the relative - 
abundance for most of the year, particularly M - disjuncts 

which was observed as high as 76% in January 1979. M. - 

disjuncts was the predominant species for most of the year 

(~ig. 6 ,  Table 5) . 
X. refringens was in greatest abun~ance during the - 

late summer and early fall (Fig. 5, Table 4). Both monhy- 

sterids have been classified as non-selective deposit 

feeders (Chitwood and Murphy, 1964). Hopper and Xeyers 

(1967a) observed the increased abundance of ncn-selective 



deposit feeders (Monh~stera spp.) primarily in the spring. - 
The seasonal abundance pattdrn described by Hopper and 

Meyers (1967a) closely fits my observations on M. - disjuncts 

(see Fig. 5 ,  Table 5). However, ?I. - refrinqens did not 

correspond to this pattern and this may reflect different 

food preferences (see Section V ) .  

variation in the male, female and juvenile population 

structure between July 1978 and November 1979, except for 

M. - refringens during the early fall. However, as with 

P. neapolitana, temperature and salinity probably contribute - 
to the variation in seasonal abundance. Observations by 

Gerlach and Schrage (1971) on the life cycle of M. disjuncta - 

isolated from Laminaria in the North Sea, and reared at - . -  

various temperatures correspond to my observations (Table 

20) that the seasonality may be related to temperature 

(~aika and Makarova, 1979). Generally, life cycles and 

generation times shorten with increasing temperature (~opper 

et al., 1973). -- 
Similar results were observed with another monhysterid, 

Monhystera denticulata Tlrnm, isolated from Z. marina with - 
the average generation time of 18 days at 26% and 15 C while 

it was 180 days at 5 C (~ietjen and Lee, 1972 

refringens reflects quite well these trends. 

disjuncta exhibits a quite different response 

. M. - 
However, Y .  - 
in the field.. 

The data on M. - disjuncta from the blade samples of Macrocystis 

indicated large numbers of this species occurring 



throughout the year. This likely reflects the fact that 

little variation in the age' structure has been observed. 

The temperature and salinity effects on M. disjuncta - 
generation times are not reflected in the field data. 

All three major species exhibited the same general 

distribution pattern on the blades of )I. integrifolia. - 

Most nematodes were found in the bottom, fewer in the 

middle and very few or none in the top blade samples (see 

Figs. 8-23). Nematode numbers increased with water depth, 

particularily on the mid2l.e and bottom blades. Exceptions 

to this pattern were observed in the late winter and spring 

months for M. refringens and P. neapolitana and this was - - 
probably due to their reduced levels of abundance (Figs. 

8-15). A variety of factors have been suggested that may 

affect distribution, namely algal shape, surface area, degree 

of encrustation and degree of silt or detritus deposits 

(Dahl, 1948; North, 1971; Ott, 1967; Wieser, 1952a, 1959c; 

Wing aqd Clendenning, 1971). In particular, increased 

levels of detritus cause large increases in nematode 

populations on heavily affected fronds (Wieser, 1952). Mukai 

(19711, studying epiphytic animals on Sargassum, observed 

large increases in nematode numbers in early spring which 

corresponded to the time of maximum degradation of the 

plant itself. Merrith (1973), studying deposit-feeding 

nematodes, observed the largest number of them to be at 

stations with the thickest layer of detritus. Wing and 

Clendenning (1971) observed that nematode populations were 



much higher on blades of M. pyrifera that were totally - 

encrusted and deteriorating than on unencrusted, clean 

growing blades. They also observed that the nematodes were 

greatest on the deep rather than on the surface blades. 

The deep blades are the oldest on the plant, and usually 

carry the greatest amount of epiphytes (North, 

1971). This is also true for M. integrifolia (Lobban, 1978; - 
Roland, 1980). Ott (1967) observed deposit feeders ' 

to predominate at the bases of two species of Cystoseria. 

Also, monhysterids have been found to be good indicators on 

an increased deqree of sedimentation of detritus (~ieser, 

1959). Hence, with a much more developed microenvironment 

associated with the older blades of Macrocystis, which are 

themselves the lower blade areas of the plant, and the 

associated concentration of life forms associated with this 

older tissue, then the distribution and seasonality of the 

nematodes, particularly Monhystera spp., appear to be 

closely tied. 



RESULTS I1 

a) Prochromadorella neapolitana 

i) Summer conditions 

Data for the "cafeteria" experiments are included in 

Appendices 1-6 and the analyses are presented in Table 10 

and 11. Individuals of this species accumulated signifi- 

cantly (P > 0.005) more around food wells than around the 

non-food interwells or, around the wells of the control 

plate. Observations from the three experiments indicated 

that - P. neapolitana was attracted in greater numbers to 

d.iatom than to bacteria sources. In experiment I, 

nematodes accumulated in the greatest numbers and were 

equally attracted to diatom species G .  marina and R. - .  - 
curvata. Diatom species N. jamalinen~is and S. tabulata - - 
showed equivalent accumulations of - P: 

neapolitana. Values obtained from wells containing 

N. jamalinensis were very close to nematode numbers observed - 
from the control wells. 

In experiment 11, almost 50% of the nematodes were 

found to accumulate in food wells containing C. scutellum. - 
t 
: 
i Fewer nematodes accumulated around diatom species A. - 

longissips and acutiuscula but did so equally 

and 16.75 respectively!. Nematode accumulations in food 

wells containing - G. olivaceum were not significantly 
different from those around the control wells. P. - 

neapolitana did not accumulate significantly more around any 



I 

T A B L E  10. To ta l ,  male and female mean recruitment of Prochromadorella 
n e a ~ o i  i tana  t o  diatom and bacter ia  s ~ e c i e s  (see  Table 1 ) under 
simulated summer ccndit ions 

E x p t  
N=4 - 

I 

I I 

I11 

I 
I I 
I I I 

I 
I I 
I I  I 

I 
I I  
I I I 

Species 

D l  
D 2 
D 3  
D 4 

D 5 
D 6 
D 7 
D 8  

B 1 
B 2 
B 3 
B 4 

Outside 
Outside 
Outside 

I n  terwel 1 
In terwel 1 
Interwell 

Control 
Control 
Control 

- Total - Ferna 1 e 
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one of three species of bacteria (namely R1, B2 and B 4 )  

than around interwells andlcontrol wells. However, 

significantly more accumulated around species B3 than 

around control wells and this species attracted nematodes 

significantly more (P > 3.005) than the other three species. 

In general, males and females accumulate$. with equal 

facility at any of the food sources. 

ii) Winter conditions 

Data for the "cafeteria" experiments are included 

in Appendices 1-6 and the analyses are presente6 in Table 

11 and 12. P. neapolitana exhibited the same overall - 
pattern of accumulations around particular food wells as 

found under simulated summer conditions, with a few 

exceptions. This nematode accumulated to a greater degree 

in food wells with diatoms but the.mean number of nematodes 

found in a particular food well was proportionally lower 

than under summer conditions. Also, the number of nema- 

todes not associated with any particular well, food or 

control, was higher than those observed under summer condi- 

tions. 

In experiments I1 and 111, the only difference from 

the observations under summer conditions were changes in 

the mean accumulation of nematodes in wells containing 

diatom species, A. longispes and A. acutiuscula and bacteria - - 
species B4 and B2. The male/female ratio of those nematodes 

attracted to food wells was approximately 1:l. 



T A B L E  12 .  To ta l  , ma1 e  and female mean r ec ru i tmen t  o f  Prochromadorell  a  
neapol i t a n a  t o  diatom a n d  b a c t e r i a  s p e c i e s  ( s e e  Table  1 )  
under  s imula ted  w i n t e r  c o n d i t i o n s .  

E x p t  Total  - Ma1 e  - Femal e  
N=4 S ~ e c i e s  X S.D. X -).". c n X S .  D. 
-I 

I  Outs ide  18.75 4 .57  8 .50  6.24 10 .25  1 . 8 9  
I 1  Outs ide  18 .25  7 .68  7 .75 3.86 10 .50  9 .00 
I11 Outs ide  71 .25 2.87 35.25 1.71 36.00 4 . 0 8  

I  I n t e r w e l l  2.13 1 . 2 6  1 . 4 4  1.41 0 .69 0 .79  
I  I  I n t e r w e l l  2.81 2.1 0  1 . 5 6  1.31 1  .25 1 . 4 8  
I11 I n t e r w e l l  2 .06 1 .77  1 . 3 8  1.31 0.68 0 .95 

I  Control 4 .13 2 .90 2 .13  2.30 2.00 1  .60 
I 1  Control 2 .88 2.59 1  .63  2.07 1 .25  1 .67  
I11 Control 3.25 1 . 5 8  1 . 7 5  1 .67 1 .50  0 .93 



b) Monhystera refringens 
I 

i Summer conditions 

Data for the "cafeteria" experiments are included 

in Appendices 7-12 and the analyses are presented in Table 

13 and 14. This nematode species exhibited an equal 

accumulation to both diatom and bacteria food wells. In 

all three experizents, ?I. - r e f r i n g e n s  xas observed to 

exhibit ,a significant ( P  > 0.005) accumulation of 

individuals in food wells when compared with control wells. 

In experiment I, higher nematode numbers were foundin 

association with only diatom species S. tabulata. In - 

L ." 
e comparison, the remaining three diatom species had low 

mean accumulations of nematodes ( G .  marina= 10.5, Ii. curvata - - 
= 11.5 and N. jamalinensis = 14.0). Nematode attraction to - 

wells con'taining S. tabulata exhibited the highest mean - 
accumulation (X = 40.0) in comparison to all three experi- 

ments. 

In experiment 11, M. refringens exhibited higher mean - 
accumulations in wells with A. acutiuscula and A. longissipes - - 
(22.5 and 21.75 respectively) as compared to the accumula- 

tions in wells containing diatom species C. scutellum and - 
G. olivaceum (15.0 and 9.25 respectively). In comparison, - 

the nematode was found to show no significant a.ccum.ulations 

to any single diatom species. When presented bacterial food 

sources, M. refringens was found to be equally attracted to - 
bacteria species B2, B3 and B4 with a significantly lower 

mean accumulation in B1 food wells. In general, none of the 



TABLE 13 .  T o t a l ,  male and female mean r ec ru i tmen t  o f  Monhystera 
1 r e f r i n g e n s  t o  diatom and b a c t e r i a  s p e c i e s  ( s e e  Table  1  ) 

i under  s imula ted  summer c o n d i t i o n s .  

Expt - Total  - Ma1 e  - Femal e  
i N=4 Spec i e s  - X S .D. X S.D. X S . D .  
i 
L 

I  Outs ide  
I1  Outs ide  
I11 Outs ide  

I  I n t e r w e l l  3.50 2 .80  1 .50  1 .26  2 .00  2 .19 
I 1  I n t e r w e l l  4.81 2.40 2.44 1 .79  2 .38 2 .06  
111 I n t e r w e l l  3.75 3.07 2.00 2.28 1 .75  1 .61 

I Control 3.25 3.11 2.00 2.51 1 . 2 5  1 .49  
11 Control 3.50 2.14 1 .50  1 .69  2.00 2.00 
111 Control 4.50 3.21 2 .38 2.07 2.13 2 .30 





T A B L E  1 5 .  To ta l  , ma1 e  and female  mean r e c r u i t m e n t  o f  Monhystera 
r e f r i n g e n s  t o  dia tom and b a c t e r i a  s p e c i e s  ( s e e  Table  1 )  
under s i m u l a t e d  w i n t e r  c o n d i t i o n s .  

Expt 
N=4 - 

I  

I  I  

I11  

I  
I  I  
I11 

I  
I  I  
I  I  I  

I  
I  I  
I I I  

- Total  
S p e c i e s  X S .D. -- 

O u t s i d e  19.75 3.30 
O u t s i d e  22.50 5 .00 
O u t s i d e  25.00 6 .06 

I n t e r w e l l  1 .75  1 .06 
I n t e r w e l l  2.38 1 .41 
I n t e r w e l l  3 .56 1 . 7 9  

Control  4 .13 2.70 
Control  2 .25 1 . 6 7  
Control  3.50 2 .20 

- Ferna 1  e  
X S.D. 



nematode accumulations in food wells was as low as those 

found in the control wells. The male/female ratio of the 

attracted nematodes was approximately 1:l. 

ii) Winter conditions 

Data for the "cafeteria" experiments are included in 

Appendices 7-12 and the analyses are presented in Table 14 

and 15. In experiments I and 11, this nematode exhibited a 

similar display of accumulation compared with summer except 

that relatively fewer nematodes occurred in the food wells 

and more of them occurred outside any particular well. 

In experiment 11, the mean nunber of nematodes in wells with 

C. scutellum increased. Nematode accumulations in A. - - 

loqissip~ were observed to decrease. In experiment 111, 

the mean accumulation of nematodes in all four bacteria 

wells were not significantly different from each other. A 

1:l ratio with respect to male/female accumulations in 

wells was observed in all experiments. 

c) Monhystera disjuncta 

i) Summer conditions 

Data for the "cafeteria" experiments are included in 

Appendices 13-18 and the analyses are presented in Table 16 

and 17. In all three experiments, nematodes accumulated 

in significant numbers (P < 0.005) in the food wells. M. - 
disiuncta showed a marked attraction to bs.cteria as compared 

experiment I, M. disjuncta exhibited a low - 

.2 

to diatoms. In 

response to all diatom species except S. tabulata in which - 



T A B L E  1 6 .  To ta l  , male and female mean r e c r u i t m e n t  o f  Monhystera 
d i s j u n c t a  t o  dia tom and b a c t e r i a  s p e c i e s  ( s e e  Tab le  1 ) under  
s i m u l a t e d  summer c o n d i t i o n s .  

E x p t  - Total  - Ma1 e  - Femal e  
N=4 S p e c i e s  - X S .D. X S . D .  X S.D. 

I Outs ide  45.50 1 9 . 2 3  20.00 15.01 25.50 10.41 
' I1  O u t s i d e  63 .00  6 .27 25.25 3 .59 27.75 5 . 5 0  

I11 Outs ide  9 .75 4 .27  3 .75 2 .50  6 . 0 0  3 . 3 7  

I In t e rwel  1  2 .56 2 .16  1 . 5 0  1 .46  1 . 0 6  1 . 5 3  
' 11 I n t e r w e l l  3 . 1 9  2 .56 2.25 2 .18  0.94 1 . 1 2  

I I11 I n t e r w e l l  2 .63  1 . 7 8  1 . 1 9  0 .66 1 . 4 4  1 . 5 5  
I 

* 1 Control  2 .38 2 .33 2 .00 2.14 0 .38  0 .52  
: 11 Control  3 .38 2 .83 2 .00 2.07 1 . 3 8  1 .41  
a 111 Control  4 .00  2 .00 2 .50 1 .31 1 . 5 0  1 . 9 3  





the relatively high accumul?tions were later attributed to 

bacterial contamination. 

The accumulations of nematodes in the food wells 

containing diatom species of experiment I1 (see Table 1) 

were even lower than the values observed in experiment I. 

The mean number of nematodes found in the wells containing 

A. longissipsand A. acutiuscula had values comparable to the - - 

control wells. The mean number of nematodes outside the 

wells was relatively high (X = 63.0) compared to the other 

two nematode species. In experiment 111, the majority of 

the nematodes were found to accumulate in the wells with rod- 

shaped ( ~ 1  and B 3 )  rather than with coccoid bacteria (B2 and 

B 4 ) .  

Data and analyses for the two additional "cafeteria" 

experiments are presented in Appendices 19-20 and Table 18 

respectively. The results indicated, as observed above, a 

higher accumulation of nematodes in wells containing rod 

as opposed to coccoid bacteria. The male/female ratio in 

all experiments was approximately 1:l. 

ii) Winter conditions 

Few nematodes were attracted to diatom food sources 

as measured by the accumulations at the food wells (Tables 

17 and 19). The number of individuals not in food wells 

was high. In experiments I and 11, none of the diatom 

sources showed any significant accumulations. In experiment 

P 
111, M. disjuncta showed a reduced response to bacterial - 

P- sources, such that it accumulated with relatively equal 



T A B L E  18. Tota l ,  male and female mean recruitment of Monhystera 
d is juncta  t o  rod and coccoid bacteria species ( see  Table 1 )  
under simulated summer condit ions.  

E x p t  
N=8 - 

I v 

v 

I v 
v 

I V 
v 

I V 
V 

Species 

B 1 
B 3 

B 2 
B 4 

Outside 
Outside 

Interwell 
Interwell 

Control 
Control 

- Total 
X 

- Fernal e 
S . D .  



T A B L E  1  S.  To ta l  , male and female mean r e c r u i t m e n t  o f  Monhystera 
disjuncts t o  dSaiorn and b a c t e r i a  s p e c i e s  ( s e e  Table  1  ) under 
s i m u l a t e d  w i n t e r  c o n d i t i o n s .  

Ex p t  - To t a  1  - Ma1 e  - Femal e  
N=4 C n n p ;  V - J ~ C L  125 A s . 2 .  x S.D.  x S .  2. 

Outs ide  47.75 6 .50  
Outs ide  58.50 1 4 . 2 0  
Outs ide  1 8 . 5 0  8 .74  

I n t e r w e l l  3 .13 2 .00 
I n t e r w e l l  3 .38  3 .03 
I n t e r w e l l  2.94 1 . 3 4  

Control  2 .50 2 .33 
Control  4 . 5 0  3 .16  
Control  3 .38  2 .26 



attraction to all four backeria species. Also, the mean 

number of nematodes outside any particular well was 

significantly greater than scr?ner condition vzlues. As 

seen in all previous experiments, a 1:l ratio of male/ 

female accumulations was observed in the food wells. 

M. disjuncta was the only one of the three species to - 

reproduce continuously in culture. P. neapolitana was - 
never observedto reproduce and so cultures could be main- 

tained only by the continual supplement with new individuals 

M. refringens was observed only once to reproduce and so - 
the observations are scant and inconclusive. 

Observations on the life cycle of five female M. - 
disjuncts (A-E) and their progeny (N) are summarized in 

Table 20. Under environmental conditions of 10 C + 1 C, - 

3 0 . 8 % 0  and a 16/8 h day/night cycle, the near! number of days 

from egg deposition of the original female to egg deposition 

of the progeny was 23.25days. A breakdown of this turnover 

time indicates that on average 4.3 d-ays were required from 

egg deposition to hatching, 14.1 days from hatching to the 

appearance of recognizable sexual characteristics and a 

further 4.3 days for the appearance of the first egg in the 

uterus. Development of the egg to its deposition was 

observed to take an average of 2.3 days. Females 

I deposited, on the average, 14.4 eggs. 
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Very little detail is known of the microbiological 

assemblages found on macrophytic algal 

species. Some researchers have endeavoured to characterize 

these relationships under laboratory conditions and 

extrapolate the results so as to understand subsequent 

field observations. 

A variety of techniques have been developed to culture 

marine nematodes and their food sources (Lee and Muller, 

1975; Tietjen et al., 1970). Some studies have tried to -- 
characterize feeding preferences by way of gut contents 

(Jennings and Colman, 1970) but this has proved to be 

unsuccessful as researchers have found nematodes to exhibit 

both selective ingestion and digestion (Meyers and Hopper, 

1966; Tietjen and Lee, 1977b: Viglierchio -- et al., 1969). 

The three dominant species in this study were cultured 

and subjected to food preference testing using a technique 

modified from Lee et al. (1977). The nematodes were -- 
exposed to eight diatom and four bacteria species isolated 

from M. - integrifolia bl.ades. The eight diatom species were 

all identified as benthic types (Lee et al., 1975; Rao and -- 
Lewin, 1976) and five of the species had previously been 

identified as associates of M. - integrifolia (see Table 1) 

(Roland, 1980). 

Each nematode species exhibited some distinct food 

preferences. - P .  neapolitana, classified as an epigrowth 



I feeder, selected primarily for diatom species, in particular, 

Cocconeis scutellum, Gramatophora marina, and 

Rhoicosphenia curvata (see Tables 10-13). The preferential 

response of P .  neaDolitana for bacteria was little - 

different from the controls except for the rod-shaped 

bacteria specizs, B3. Chromadorina germanica responds 

similarly in that it is attracted to varying degrees to 

a variety of diatom species but only to one bacterium'to 

any extent (Tietjen and Lee, 1977; Lee -- et al., 1977). 

Chromadora macrolaimoides was observed to effectively 

utilize eleven of the twenty species of microalgae presented 

but only five species were able to sustain growth indefinite- 

ly (~ietjen and Lee, 1973). Calorific content of the algae 

does not appear to be a factor governing food preference 

selection in nematodes but selective digesticn and ingestion 

are evident such that a selective diet in conjunction with 

a particular set of digestive enzymes may, in fact, dictate 

selection (Tietjen and Lee, 1977b) . 
The monhysterids, M. - disjuncta and M. - refringens, 

though both classified as non-selective deposit feeders, 

exhibited different feeding preferences from each other. 

M ,  - disjuncta preferred particular species of bacteria rather 

than diatoms (see Table 18-22). Except for one species of 

diatom, Synedra tabulata, which was later found to be 

contaminated with bacteria, this nematode specjes showed 

no detectable pattern in relation to diatom food sources. 

Studies on ~habditis marina, a bactivorous species, 
i 

k 
G 



i n d i c a t e d  t h a t  it avoided somq s p e c i e s  of diatoms b u t  

o therwise  was randomly d i s t r i b u t e d  on both c o n t r o l  and 

exper imental  p l a t e s  (Lee e t  a l . ,  1977) .  Food s i z e  was -- 

a  s i g n i f i c a n t  f a c t o r  f o r  bac t ivo rous  nematodes ( T i e t j e n  

and Lee, 1977) .  Hence, a l l  t h e  diatom s p e c i e s  may w e l l  

have been t o o  l a r g e  f o r  - M.  disjuncts t o  s u c c e s s f u l l y  i n g e s t .  

M.  r e f r i n g e n s  was observed t o  be a t t r a c t e d  t o  both  - 

p a r t i c u l a r  s p e c i e s  o f  diatoms and b a c t e r i a  ( s e e  Tables  1 4  - 

1 7 ) .  However, M .  r e f r i n g e n s  appears  t o  be much more of a - - 

g e n e r a l i s t  than does - M. d i s j u n c t a  i n  i t s  f eed ing  p re fe rences .  

Both s p e c i e s  i n g e s t e d  rod and coccoid  b a c t e r i a  b u t  t h e  rod- 

shaped s p e c i e s  were p r e f e r r e d  over  t h e  coccoid forms. 

Rhabd i t i s  marina f e d  heav i ly  on Pseudomonas sp .  

and Flavobacter ium s p . ,  both  rod b a c t e r i a ,  ove r  t h e  coccoid 

s p e c i e s ,  Micrcoccus s p .  (Lee e t  a l . ,  1 9 7 0 ) .  W i l t  e t  a l .  -- -- 

(1973) found t h a t  bac te r iophagus  nematodes p r e f e r e n t i a l l y  

migrated and f e d  on V i b r i o  s p .  ( r o d )  under v a r i o u s  

cond i t i ons .  Comparison of  t h e  f e e d i n g  s t r a t e g i e s  of two 

b a c t e r i a  f e e d i n g  nematodes showed them t o  be h igh ly  

s e l e c t i v e  f o r  p a r t i c u l a r  b a c t e r i a l  s p e c i e s ,  p r i m a r i l y  rod 

forms ( T i e t j e n ,  1967, 1969) . 
Thus, i f  a l l  marine nematodes a r e  a s  s e l e c t i v e  a s  t h e  

t h r e e  predominant s p e c i e s  from t h i s  s t u d y ,  then  s p a t i a l  and 



seasonal variations in the abundance of microorganisms may 
1 

account for variations in abundance and distribution ( ~ e e  

et al., 1977; Tietjen and Lee, 1973, 1977b). However, -- 

caution must be used because data from such laboratory 

studies are not directly applicable to feeding conditions 

in the field because of different nutrient values of food 

sources, growth and reproduction rates, feeding rates 

(Duncan -- et all 1974) and alternate feeding sources,(Chia and 

Warwick, 1970; Tietjen and Lee, 1975). 

However, food is still likely to be a main contributing 

factor governing the population dynamics of nematode species 

under field conditions (Schiemer et al., 1980). -- 



GENERAL DISCUSSION 
I 

This study has contributed to our understanding of the 

spatial and temporal distribution of nematodes living on 

X. - integrifolia and has initiated our appreciation of 

microbial food chains involved in the nutrition of these 

animals. 

From the previous sections, the three dominant 

nematode species isolated from the blades of M. integrifolia - 
exhibited distinctive patterns of abundance and distribution 

and specific feeding preferences on the epiflora associated 

with the blades of this kelp. From these observations and 

previous studies, a possible explanation of the variations 

observed for these three nematode species may be derived. 

From Roland's (1980) study on the per cent occurrence 

of several diatom taxa on M. integrifolia blades and the - 
feeding preference data from this study, it appears that the 

observed seasonal and spatial distributions of the three 

predominant nematode species may be related to the variation 

in availability of particular food sources. Kita and Harada 

(1962) observed that the abundance of -animals on 

Zostera blades was related to the abundance of epiphytes 

and microalgae. - P. neapolitana appears to prefer the diatom 

species - C. scutellum (Tables 10-12). This diatom species 

occurs in high levels of abundance in April to July which 

is the tine of increasing abundance of P. - 

neapolitana (Fig. 4 ) .  The large decrease in the relative 



occurrence of this diatom ~pecies in Auqust corresponds 

with the decreased abundance of P. neapolitana. The in- - 

credsed per cent occurrence of the diatom TUlnicosphenia - 

curvata in October may be an explanation for the sudden 

increase in P. neapolitana numbers found in the November - 

samples. P. neapolitana was cbserved to concentrate when - 

in high abundance in the bottom blades. Roland (1980) found 

higher percentages of occurrence of diatoms on top blades 

with smaller densities in subsequently lower blades of M. - 
integrifolia. It may be that only a particular level of 

food availability can effectively maintain a large popula- 

tion of this species. Above this level, the nematode 

abundance does not alter substantially. Also, Roland's 

(1980) study did not sample to the depth of senescent 

blades, which are primarily the bottom blades and, hence, 

the per cent occurrence of the food sources are unknown. 

P. neapolitana showed little or no preference for bacteria - 
and thus did not utilize this food source though 

Roland (1980) found that both the rod and coccoid 

bacteria froms on the blades of Macrocystis exhibited no 

seasonality. 

In contrast, the high relative abundance of M. disjuncts - 

may, in part, be related to this unlimited unvaried 

seasonality of the bacteria. Studies have indicated that 

nematode numbers are directly related to decreases and 

increases in bacteria population levels(~oucher and Chamroux, 



1976; Chamroux et al., 1977). Thus, with M. disjuncts's -- - 
> 

preference for bacteria, primarily the ro2 forms, and 

little association with diatom species, the observed high 

abundance of this species, in conjunction with its short 

generation time, may explain its seasonal distribution. Many 

investigators have observed large bacterial populations 

associated with seaweed species and most have found the 
1 

i bacteria in highest abundance on the older and deteriorating 

1 

b parts of the plant and to be primarily of the rod type 
I 

(Kong and Kwong-yu Chan, 1979; Laycock, 1974; Mazure and 

Field, 1980). Also, most investigators on nematode feeding 

preference have observed the selective and non-selective 

deposit feeders to survive and reproduce more readily on 

rod-shaped bacterial sources (Hopper and Meyers, 1967a; 

Tietjen, 1967; Tietjen and Lee, 1973, 1977b). Therefore, 

the high abundance of M. - disjuncta throughout the year and 

on the older blades of Macrocystis may, in a good part, be 

related to the bacterial populations. Studies have shown 

that epiphyte population encrustatlons tend to increase 

with tissue age (Ballantine, 1979; North, 1978) and that 

most nematodes are found associated with deteriorating 

heavily encrusted blades (Wing and Clendenning, 1971). 

Thus, the relation between these two factors may contribute 

substantially to nematode abundance and distribution. 

M. refringens shows a more complex interaction between - 
Li 

food availability and abundance. In the food preference 

experiments, M. - refringens is preferentially associated with - - 



both particular diatom and ,bacteria species (Tables 13-15). 

Its most preferred diatom species, Synedra tabulaia, is at 

its greatest abundance during late summer and fall (Roland, 

1980). This corresponds to the observed increases in 

abundance of M. - refringens that reached their highest levels 

in the fall. The remainder of the diatoms presented to 

M. - refringens reflected fairly similar responses of 

attraction. These diatoms predoninate primarily in the 

mid- and late summer but in relatively low per cent 

occurrence. The only exception is Cocconeis scutellum, which 

was most abundant during mid-summer and was the preferred 

food of P. neapolitana. In contrast, M. refringens was - - 
attracted to C. scutellum only moderately and showed - 

little associated response to it in the field. With 

respect to bacteria, M. - refringens exhibited almost the 

same response as M. disjuncta in terms of preference but - 

not to the same degree. As a result, the variations in 

abundance of M. refringens may be in part related to the - 
diatom food sources but its higher relative abundance 

compared to - P. neapolitana through the year may be related 

to its partial affinity for bacterial food sources. 

Thus, if marine nematodes are as selective in their 

feeding habits as this and other studies haveindicated, then 

spatial and temporal variations in the abundance of epiphytic 

microorganisms could account for the spatial and seasonal 

variations in abundance of marine nematodes. Hence, 



selective feeding by different nematodes on different food 

so'circcs zay reduce or perhaps even eliminate competition 

for a few chosen food sources. ThLs would enable cohabita- 

tion of a small area, like algal blades, by a variety of 

nematode species which, on the basis of buccal norphology, 

would appear to feed on the same foods. This may be the 

case for M. disjuncta and M. refringens and the dominance of - - 

species types with the epigrowth feeding classification. 

Thus quantification or even precise definition of competitive 

interactions between marine nematodes in relation to prefer- 

red food sources in association with seaweeds should be 

pursued. 



APPENDICES 



Appendix 1: Selectiveaccumulation of Prochromadorella 
neapolitana to alternating wells of dlatom 
species Dl-D4 (see Table 1). Diagram records 
four replicates for each condition. 





Appendix 2: Accumulationof ~rochromadorella neapolitana 
to control wells. 





Appendix 3: Selectiveaccumulationof Prochromadorella 
neapolitana to alternating wells of diatom 
species D5-D8 (see Table 1). 





Appendix Accumulation of Prochromadorella 
control wells. 

neapolitana 





Appendix 5: Selectiveaccumulation of Prochromadorella - 
neapolitana to alternating wells of bacteria 
species B1-B4 (see Table 1). Diaqram records 
four replicates for each condition. 





Appendix 6:~c~~mulat-on of Prochromadore l l a  n e a p o l i t a n a  
t o  c o n t r o l  w e l l s .  





Appendix 7 :  S e l e c t i v e  a c c u m u l a t i o n o f  Monhystera r e f r i n g e n s  
t o  a l t e r n a t i n g  w e l l s  of  d i a t o m  s p e c i e s  D l - D 4  
(see T a b l e  1) .  Diagram r e c o r d s  f o u r  r e p l i c a t e s  
f o r  each  c o n d i t i o n .  





appendix 8:Accumulation of Monhystera refringens to 
control wells. 





Appendix 9 :  S e l e c t i v e  a c c u m u l a t i o n o f  Monhystera r e f r i n g e n s  
t o  a l t e r n a t i n g  w e l l s  of  d ia tom s p e c i e s  D 5 - D 8  
( s e e  Tab le  1) .  Diagram r e c o r d s  f o u r  r e p l i c a t e s  
f o r  e a c h  c o n d i t i o n .  





Appendix 10:Accumulation of Nonhystera refringens to 
control wells. - 





Appendix 11: Selective accumulationof Monhystera refrinqens 
to alternating wells of bacteria species ~ 1 - r  
( see  Table 1). Diagram records four replicates 
for each condition. 





Appendix 12: Accumulation of Monhystera refringens to 
control wells. 





Appendix 13: Selectiveaccumulation of Monhystera disjuncts 
to alternating wells of diatom species D l - 3 4  
(see Table 1). Djagram records four replicates 
for each condition. 





Appendix 14: Accumulation ofMonhystera disjuncta to 
control wells. 





~ppendix 15: ~elcctiveaccumu~ation of Monhystera disjuncts - 
to alternating wells of diatom species D5-D8 
( s e e  Table 1). 3iagram records four replicates 
for each condition. 





Appendix 1 6 :  Accumula t ion  o f o n h y s t e r a  disjuncts t o  
c o n t r o l  we1.l.s.  -- 





Appendix 1 7 :  Se lec t ive  accumul~ltion of Monhystera disjuncts - 
t o  a l t e r n a t i n g  w e l l s  of bac te r i a  spec~.es-4 
(see Table 1:. Diagram records four r e p l i c a t e s  
f o r  each c o n d i t i o n .  





Appendix 18: Accumulation of Monhystera disjuncta to 
control wells. 





Appendix 19: S e l e c t i v e a ~ c u m u l a t ~ ~ n o f  Monhystera disjuncta 
to alternating w c l - l s  of ( i T Y o ~ ( ? . i )  coccoid 
bacteria species (see Table 1). Diagram 
records four replicates for each condition. 





Appendix 20: Accumulation of Monhystera disjuncts to control 
wells. 
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