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as it was in the experiments described by Barnes (cf. below). A 

reasonable supposition was that the reduction of the Balanus 

population on the undisturbed panels was due to the algal growth. 

Barnes (1955) has investigated this particular question. 

After describing the results of his experiments on the growth of B. 

balanoides on cleaned as well as on algal-covered panels under 

conditions of continuous immersion, Barnes (loc. cit. p. 112) 

concluded: "It is quite evident from these results that the presence 

of algae is a most important factor in controlling the growth of B. 

balanoides. ,it cannot be doubted that the presence of algal 

cover, when it forms a close adherent mass, will seriously affect 

the growth rate. It is also evident that had the algal cover 

persisted throughout the season (in the experiments the algal growth 

had proved to be markedly reduced in July, followed by a marked 

increase in the growth rate of Balanus) the animals of these 

submerged panels would have reached a mean length of about 5 mm by 

the end of the summer, a value which approximates to that attained 

under natural conditions". (On the cleaned panels the animals had 

attained a length of some 12 mm by July.) Barnes continues: "It is 

less certain how growth is restricted in this way; it may be by re­

stricting the access of food or it may act by mechanically 

interfering with cirral beat and hence with the feeding activities; 

if the latter were the case, it would seem that the young and less 

robust stages of the barnacle would be most seriously affected and 

that under extreme conditions survival would be impaired". 

I am inclined to think that algal competition decisively 

influences the vertical position of the lower limit of the Balanus 

belt in the outermost part of its distribution area. Further up the 

fjord, the lower part of the broad Balanus belt was found to overlap 

a belt of small-sized Mytilus. Here, the environmental conditions 

obviously favour Balanus rather than Mytilus. It is possible that 

it is competition between the two species which here explains the 

lower growth rate of Mytilus. The lower limit of Balanus here most 

likely also depends on the distribution of small algal species. 

In the middle part of the Balanus area, i.e. in the 

optimal area for Mytilus, where we find the characteristic white and 

black Balanus-Mytilus-belt developed, it seems more likely that the 
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lower limit of Balanus is displaced somewhat upwards, by some form 

of competition with Mytilus, but the nature of the decisive factors 

is unknown. Perhaps competition for food, oxygen, or some other 

intraspesific relationships are involved. 

The lowering of the upper limit for Mytilus, as compared 

with Balanus, is because the former is less well able to withstand 

desiccation (Runnstrom 1925, p. 15). 

In the description of the Balanus population found in 

Sognefjorden (Rustad 1977) I frequently stated that we also found 

Balanus growing on the shells of large Mytilus specimens. As a 

rule, however, these Balanus seemed to belong to the O-group, and 

would presumably gradually die out later, owing to competition with 

Mytilus. 

Further inwards up the fjord, where Balanus is more 

scattered, it was as a rule difficult, if at all possible, to define 

a lower limit; presumably the presence of algae, or of Mytilus, 

excludes Balanus from the lower levels of the intertidal zone 

hereabouts. 

It might perhaps be possible for Balanus to thrive at a 

lower level - below Mytilus and the harmful algae. When, 

nevertheless, as a rule no B. balanoides are found below the 

intertidal zone, this is most likely because the positive 

phototropism of the cyprid larvae prevents them from settling 

sufficiently deep, or that food conditions, or some other 

environmental conditions, become too unfavourable at these depths. 

On the other hand, at least the O-group may occasionally 

be found living somewhat deeper down than usual. This is most 

likely caused by the presence of an upper water layer of low 

salinity. 

To get some idea of the reaction of Balanus cyprids to 

salini ty I once made the following simple experiment: cyprids, 

caugth with plankton net in water with a salinity of 30.6 0/00, were 

apportioned among seven aquaria containing water of the following 

salinities: 17.1 - 19.2 - 22.6 - 26.4 - 32.7 - 35.0, and 37.1 0/00. 

In the aquaria containing water of the lower salinities, 

the cyprids closed up their shells and sank to the bottom, whereas 

at the higher salinities the cyprids scattered and swam about lively 

in the water. After about 5 minutes, in the aquaria with salinities 
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of 17.1 and 19.2 0/00 all the cyprids were lying on the bottom. In 

water of 22.6 0/00 only a few were swimming about. In the higher 

salinities (26.4 0/00 or above) the greater proportion of the 

cyprids were actively swimming about and they continued to swim for 

several days more, until they eventually gradually collected 

together at the bottom of the aquarium, where they sometimes lay 

quiet, or crawled around, or swam just above the bottom. The 

cyprids which kept on swimming for the longest time were those in 

the 32.7 0/00 water, l.e. at the salinity closest to that in which 

they were caught. At a salinity of 22.6 0/00 some degree of 

adaption was observed, viz. after 3 hours the greater proportion of 

cyprids were swimming about and continued doing so for 3 days, but 

after that only a few cyprids were still seen swimming. At a 

salinity of 19.2 0/00 a small increase in the number of swimming 

cyprids was observed after about 5 days, but later on only some few 

cyprids were still seen swimming. At a salinity of 17.1 0/00 only 

solitary cyprids were swimming during the first week, a few more the 

next week, but later on once again only solitary specimens were now 

and then observed swimming close to the bottom. 

After 40 days, a large number of the cyprids in some of 

the aquaria had settled on the bottom and metamorphosed. At a 

salinity of 17.1 0/00 none had metamorphosed and out of the original 

ca. 650 cyprid larvae 50-100 specimens were still alive. In the 

aquaria with 19.2, 22.6, and 26.4 0/00 salinities, which initially 

contained ca. 625, 1.000, and 1.200 cyprid larvae respectively 15, 

8, and 16.7% had metamorphosed. At salinities of 32.7, 35.0, and 

37.1 0/00 with initial populations of ca. 1.300, 1.325, and 870 

cyprid larvae, 31, 24.5, and 31% respectively had metamorphosed. In 

the 22.6 0/00 aquarium a lot of the cyprids and all of the 

metamorphosed specimens were dead, whereas in the other aquaria most 

of the animals were still alive. 

To sum up the results: At a salinity of 22.6 0/00 and 

below, all the cyprid larvae closed-up their shells and sank to the 

bottom. After 40 days none had metamorphosed in the aquarium with 

water of 17.1 0/00 salinity, whereas in those of 19.2 and 16.4 0/00 

some had metamorphosed, and at 32.7 0/00 and higher salinities a 

greater proportion of the original cyprids had metamorphosed. 

This behaviour of the cyprids could well explain the 
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occasional presence of O-group Balanus below the usual vertical 

distribution level in nature, mentioned previously. 
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Table 1.	 Description of the iff rent population types of BaZanus 

baZanoidss. (CL Fig •. ) 

Type	 D scription 

B. BaZanuB baZanoidea present. (No records of population type 

exis 5). 

I.	 ~~~gin~£~M: 

Crowded, broad or narrow BaZanu belt above Fucu VBsi u-

lo BaZanus also crowded in the F. VB iauZOBU zone; 

somewhat more scattered only in the lowest part of the 

zone. 

Where there is a luxurian zone of F. spiraZis this 

covers the lower part of the BalanUB belt above the 

F.	 vesicuZosu zone. 

Where a MytiZUB belt is present, the Mytilua shells 

are as a rule mo e or less cover d by Salanu • 

~~~~~~~~~ (seaweeds sparse or lacking): 

Crowded BaZanUB b It, corresponding in breadth with that 

above and	 within the F. vesiculo us zone on sloping rocks. 

When a MytiZus belt is present this is more or less complete­

ly	 covered by the BaZa'lus belt, which m y a1 c> xtend below 

the MytiZlI belt. 

crowded, broad or narrow BalanUB belt above the F. vBaicuZo­

SUB zone, more cattered lower down. Occasionally BaZnus 

(as a rule th current year's spat) more or less crowded in 

the upper part of the F. ve icuZosus zone. 

Where a luxuri nc zone of F. piraZia is present this may 

more or less c mp1 tely co the Bal-arm belt, with 

often only a narrow strip of BaZanus visible above the 

F.	 spipaZis zone. 

cont. 
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Table 1. cont. 

Type	 Description 

~£~~g=~~£~~ (seaweed sparse or lacking): 

Whil,,-and-black Batanus-Mytitus belt. Scattered 8 tanus 

may be found on the Mytitus shells. Occasionally the 

Mytilus belt may be more or less covered by the current 

year's spat of B tanus. 

Balanus forms a comparatively even, but scattered, only 

occasionally somwhat more crowded, belt above the P. vesi­

culo us zone. (More or less covered by F.. pi~ati .l 

Scattered Balanus in the upper part of the F. ue,iculoous 

zone. 

~£~~2=~~£~~ (Seaweeds sparse or lacking): 

Balanus-f1Ytilus belt, with comparatively scattered, only 

occasionally more crowded, Balanus. 

Mytilus	 may occasionally be more or less covered by the 

current	 year's spat of BaZanus. 

Some patches of scatterede Balonus connected by a strip of 

scattered Balanus around the upper limit of F. v siculosus. 

~£~~g=~~~~~ (seaweeds sparse or lacking): 

A strip of scattered BalanU$ with some large patches of 

scattered Bala us above the Mytilu belt. 

V.	 Small patches of few and scattered Balanus around the level 

of the upper seaweed limit - especially on steep surfaces. 

- Few or single specimens. 

E. Only som emp y sh lls of Batanu present. 

O. No Balanus present. 
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Table 2.	 Description of the different population types of the O-group 

of BaZanus baZanoides. (ef. Fig. 11) 

Type	 Description 

P. The O-group present. 

I.	 Crowded. 

Less crowded but forming a broad belt. 

Very many. 

11. Numerous. 

Ill. Narrow, crowded, strip.
 

Sparse population, but a relatively broad belt.
 

IV. Narrow strip of scattered specimens. 

Scattered strips and- patches. 

V. A few small patches of scattered specimens. 

Very few. 

VI. None of the O-group present. 

VII. Empty shells. (No numerical records.) 

VIII. A few empty shells. 

IX. A considerable number of empty shells. 
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Fig. 1. Map of sognefjorden showing the fjord branches, main 

rivers, and hydrographical stations (cf. Rustad 1978). 

Fig. 2. Map of Sognefjorden showing the position of the 110 investi­

gated localities. 
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Fig. 3.	 Symbols used for the different population types of adult 

Balanus balanoides. B, E, 0, and roman numerals refer to 

the types described in Table 1, whereas d denotes defec­

tive populations of the type indicated by the roman numerals. 

1/11, 11/111, and Ill/IV represent intermediate types, as 

described in Table 1. 

'.," 

Fig. 4. Distribution of the different population types of adult 

Balanus balanoides in 1937. 
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Fig. 5. Distribution of the different populations types of adult 

Balanus balanoides in 1941. 

Fig. 6. Distribution of the different population types of adult 

Balanus balanoides in 1942. 
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Fig. 7. Distribution of the different population types of adult 

Balanus balanoides in 1943. 

Fig. 8. Distribution of the different populations types of adult 

Balanus balanoides in 1944. 
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Fig. 9. Distribution of the different population types of adult 

Balanus balanoides in 1945. 

Fig. 10. Distribution of the different population types of adult 

Balanus balanoides in 1946. 
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Fig. 11. Symbols used for the different population types of the 

O-group of Balanus balanoides, as described in Table 2 . 
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Fig. 12. Distribution of the O-group types of Balanus balanoides 

in 1937. 
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Fig. 13. Distribution of the a-group types of Balanus balanoides 

in 1941. 

Fig. 14. Distribution of the a-group types of Balanus balanoides 

in 1942. 
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Fig. 15. Distribution of the O-group types of Balanus balanoides 

in 1943. 

Fig. 16. Distribution of the O-group types of Balanus balanoides 

in 1944. 
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Fig. 17. Distribution of the O-group types of Balanus balanoides 

in 1945. 

Fig. 18. Distribution of the O-group types of Balanus balanoides 

in 1946. 



- 74 ­

.. ,

.~"
1942
 

..... 

S %0: ? 15 - 20 10 - 15 5 - 10 0- 5
 
~:::I 

~ ~ ~ 

Fig. 19. Surface salinity distribution in sognefjorden at the turn 

of July/August in the years 1942-1945. 


