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Abstract 

A material of Balanus balanoides, regularly collected during the course of one season 
in different stations in Greenland, has established the seasonal-cycle and the life­
cycle of the species. The hatching period, settling period and mating period indicate 
the sexual cycle. The pelagic stage is given as the period from maximum hatching 
to maximum settling. Fig. 33 shows a comparison between the sexual-cycle in the 
different localities. The dependence of this cycle on external factors is discussed and 
demonstrated, e. g., by curves on temperature and primary production. From the 
author's own observations and from the literature, it is shown that the cypris larvae 
prefer marine conditions at the northern limit and estuarine conditions at the southern 
limit. The influence of the West Greenland Current on the distribution taking place 
towards the north is shown by the settling periods and by the size distribution of 
the first winter ring. 

The growth of the O.-gr. animals and adult animals is demonstrated by measure­
ment and age determinations of the scutae. Figs. t.5, 65 and 66 give comparisons 
between the different localities. Growth parameters, calculated preferably according 
to methods used for fish populations , are compared in Table 9. A comparison between 
the results obtained here and those of other scientists from the North Atlantic area 
are attempted in Table 10. However, the value of the comparison is reduced by the 
fact that no previous material has been treated in a similar manner. It is emphasized 
that the climatic differences inside Greenland are of importance-varying from the 
11-month ice cover in Angmagssalik, to Sukkertoppen , which has no ice cover. The 
distribution of the species towards the north is discussed in the light of the results, 
and the possibilities are considered of forming a picture of the fluctuations in hydro­
graphic and climatic conditions from the changes from year to year in the northern 
limit . 



INTRODUCTION 

This investigation started in August 1958 with a course held at the 
Arctic Station of the University of Copenhagen in Godhavn for 

teachers from the Education Department of Greenland. After the course 
the participants were dispersed to towns along the Greenland shores 
with the intention that they should gather material from the tidal-zone 
during the season 1959 from different localities (in their free time), in 
order to compare the sexual season and growth of rocky shore animals 
at localities situated long distances from each other. As the participants 
were given an adequate course in collecting technique, it was anticipated 
that the material would be of high and uniform quality. 
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Information on the climatic conditions are obtained from the fol­
lowing institutions: "Magnetisk Observatorium, Godhavn", "Meteoro­
logisk Institut", "Gr0nlands Ismeldetjeneste", "Gronlands Vejrmelde­
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maps were supplied from "Gronlands Tekniske Organisation". The 
author wishes to thank the personnel of these institutions for their co ­
operation during the study. 
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GEOGRAPHICAL SURVEY 

As Greenland, for many people, means only a cold, homogeneous 
area, some general features of the localities mentioned in the text are 
given. There is a considerable gradient in the climate inside Greenland; 
a gradient comparable in order of magnitude to those found inside other 
climatic zones. It is not intended here to estimate the different climatic 
factors or their influence on the organisms. Likewise, no attempt will 
be made to enter into a delicate zoogeographical discussion (where view­
point depends on definitions), but a few brief fact s will be given :-

Fig. 1 shows the situation of the different localities, and also the town 
Holsteinsborg and the airport Sondre Stromfjord. It can be seen t hat 
the distance from the northernmost station Augpilagtoq to the southern­
most station, Arsuk, corresponds to the distances Faroes-Cherbourg or 
Copenhagen-Nice. The distance from the westernmost station, Sukker­
toppen, to the easternmost station, Angmagssalik, corresponds to the 
distances, Dublin-Haag or Bergen-Stockholm . 

The distances alone are not sufficient to demonstrate the climatic 
differences, as three major ocean currents influence the Greenland shore. 
These currents are: the Baffin Land Current and East Greenland Cur­
rent , both with polar water, and the West Greenland Current, with warm 
water, branching off from the Gulf Stream. 

The shore, running approximately between Upernavik and Hol­
steinsborg, is influenced by the West Greenland Current during summer 
and by the Baffin Land Current during winter. The " Vestisen", the 
characteristic ice of the Baffin Land Current lies during winter close 
to the Greenland shore, as far south as Holsteinsborg. The shores of 
the Sukkertoppen and Godthab districts are not normally influenced 
by polar water, but south of the Godthab district to Kap Farvel there 
is a shift during the year in the East Greenland Current (this is charac­
t erized by the "Storis") and the warm West Greenland Current. Further 
details on the currents are given in HACHEY (1961). 

Sailing-conditions in the different areas also give a picture of the 
climate. Upernavik and Umanak are navigable for 5 months, Godhavn 
for 6 months, Sukkertoppen and Godthab throughout the whole year, 
and Angmagssalik for 1 month. The degree of navigation at Arsuk is 
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Fig. 1. Map of the area. 1 : Upernavik and Augpilagtoq, 2 : Proven, 3 : Umanak, 
4: Godhavn , 5 : Holsteinsborg, 6: Sukkertoppen, 7: Godthab, 8 : Arsuk, 9 : Angmag­

ssalik , 10: Sondre Stremfjord airport. 

variable about 11 months, and depends on the extension of the East 
Greenland Current. 

Some of the towns are situated in a system of fjords with widely 
spread archipelagos which contain huge amounts of local, stationary 
shore-water with special hydrographic conditions. Some stations are 
exposed to considerable amounts of melt-water or ice-bergs. It is difficult 
to obtain information of these local conditions or to judge their influence 
until further investigations have been made. 



LOCALITIES 

Description 
Umanak. 

According to the description given by ELSE STEENSTRUP (pers. 
comm.), the animals were not exposed to freshwater (apart from melt­
water during the spring). The animals were protected against heavy surf. 
In Umanak there is normally sea-ice from the beginning of October to 
mid June, but during 1962, the sea-ice disappeared unusually early 
(about the beginning of May) . 

Godhavn. 

The animals were collected on a small skerry situated at the south 
shore of the entrance to Godhavn Harbour. This skerry is further de­
scribed in PETERSEN (1962 pp. 12-14 and 1964 pp. 20- 21). The locality 
is not influenced by freshwater or heavy surf, and there are three natural 
terraces on the skerry - one at the upper limit of the barnacle zone, 
one a little below mid-water mark, and one at low-water mark. Samples 
were collected on each of these terraces, and the localities are designated 
H.W.M., M.W.M., and L.W.M. H.W.M. is not absolutely correct, as the 
barnacles do not reach high-water mark. The two lower terraces are 
approximately situated at mid-water and low-water mark respectively. 

Sukkerto p pen. 

The following is an abstract of the descriptions given by ERIK 
LEHM and JoHN NIELSEN. The locality is situated on a cape in " Kirke­
gardsbugt", a bay protected against heavy surf. There is a small river 
at the head of the bay, but the animals are not greatly influenced by 
freshwater. The collections were carried out at mid-water mark. 

Godthiib. 

ULRIK Ros1NG's description (abbreviated) states that the locality 
is named "Kangitdlinguit" and is situated 2-3 km from the town. It 
faces Godthabsfjord and is protected against freshwater, heavy surf and 
pollution. Collections were made in a small pool. 

Arsuk. 

BENT RASM USSEN reports the following: - The locality is situated 
at the entrance to the Arsuk Fjord, south of the small summit "Pingo", 
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Fig. 2. Map of Julianehab Bugt with Arsuk , the climate stations Ivigtut and ::--ianor­
talik, and the primary production station ::--iarssaq. 

and opposite a little island, "Qeqertasaugssuk" . The area faces south, is 
protected against heavy surf, and there is no freshwater influx in the 
neighbourhood. It is free of ice throughout the year, even though during 
May-June "Storis" could be found in the outer part of " Arsuk Fjord" 
(see fig. 2). 

A ngmagssalik. 

According to JOHN JEN SEN, barnacles are not common in the area 
but are found on exposed shores. 
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Temperature observations 

Figs. 3- 8 gives the temperature-conditions for the different towns. 
In each figure air-temperature curves are drawn above and sea-surface 
temperature curves below if measurements are available. Between these 
curves the duration of the pelagic stage and the copulation period of 
Balanus balanoides is indicated (for compilation of these periods see 
page 32). 

Daily maximum and minimum values are given for the air-tempera­
ture. This procedure is considered preferable to giving an average tempe­
rature curve as it was seen from field observations that the maximum 
and minimum temperatures had an important bearing on behaviour of 
the animals, especially periwinkles. 

The Foehn or catabolic winds (TRANS, 1955) appear on the curve 
in a series of violent temperature jumps, especially during the winter. 
It should be noted that these temperature jumps are not local phenomena, 
but appear simultaneously on all stations. 

The sea-surface temperatures were not measured as regularly as air­
temperatures, and different sources have been used to obtain the infor­
mation necessary for drawing the curves. 

No temperature observations were made at Arsuk. The author 
uses here the air-temperatures from Ivigtut, and the sea-surface temper­
atures from N anortalik. Both stations are situated at some distance 
from Arsuk. Fig. 2 shows the situation of the towns. I vigtut probably 
has a more continental character than Arsuk in climate, and N annor­
talik is more influenced by the East Greenland Current. From the sea­
surface temperature curve it can be easily seen when "Storis" lies off 
N annortalik. 

The difference in climate between all localities can be reviewed 
as follows. 

The summer periods differ in length but not in maximal temperatures. 
The summer periods are oceanically influenced on all stations. The winter 
periods are oceanically influenced on the southern stations, and continent­
ally influenced on the northern stations, where extremely low tempera­
tures are encountered. These differences are linked to the sea-ice 
cover, as an ice covered sea gives a continentally influenced winter 
climate. 

The maximal amplitude of the tide for some of the localities is as 
follows. Godhavn: about 2,5 m. Sukkertoppen and Godthab about 5 m. 
Arsuk: about 3 m. 
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"Heat sum" 

Figs. 9 and 10 have been evolved to give an evaluation of the 
"heat-sum" the different populations " receive" during a season. The 
heat-sum is measured in "day degrees" , and for the air temperatures 
the average of the daily maximum and minimum temperature is used 
as an average daily characteristic. 

The "biological zero" is set at - 1 °C, as the animals show activity 
at temperatures below 0°C. Of course, it is questionable whether it is 
correct to multiply the number of days with the degree of centigrade, 
using - 1 °C as zero, but with the present scanty knowledge on these 
problems, this method might give the best estimate of the "heat-sum" 
for the different populations. Moreover, the temperature would hardly 
ever reach values high enough to be detrimental to the animals. The 
different populations might be differently adapted to the environment, 
but t here is no reason to suppose that different genetic populations are 
present in the area. With regard to this problem see CRISP (1964). 

The heat-sum is given for both the sea-surface and the air temper­
ature. These two values follow each other closely, with the exception 
of Arsuk, where the values originate from Nanortalik and lvigtut re­
spectively. 

Primary Production 

The primary-production is used as a rough picture of the food­
conditions. Information from Godthab and Arsuk originates from STEE­
-'1AN NIELSEN (1958). The production-experiments at Godthab were 
carried out in two places, viz., at the mouth and at the head of the Godt­
habsfjord. The curve in fig . 11 is drawn by inspection, on the basis of 
both sets of measurements, and might give an idea of the food- conditions 
in the locality at Godthab, which is located almost midway between the 
two production-stations. However, the possibility of great variations 
from year to year cannot be excluded. 

For Arsuk the results from Narssaq are used, and this is of more 
doubtful value as Narssaq lies more than 100 km from Arsuk in the 
middle of a fjord-system , and is more influenced by the East Greenland 
Current and rivers. The primary production at Arsuk is probably higher, 
but as no better values than those from Narssaq are available, these 
will be used as being fairly representative for Arsuk. 

No measurements of the primary production are at hand from 
Sukkertoppen, but the geographic, hydrographic and climatic conditions 
make it probable that the production off Godthab corresponds to that 
off Sukkertoppen. 
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The measurements of the primary production at Godhavn are 
published in PETERSEN (1964). 

We have no measurements from the Angmagssalik district or from 
the districts north of Godhavn, but it is probable that the production 
at Angmagssalik is less than at Narssaq, and that the production m 
the districts north of Godhavn is less than that at Godhavn. 



METHODS 

Field methods 

According to instructions given to the volunteer helpers the animals 
were to be collected in an area without freshwater-influx, pollution or 
heavy surf. One of the conditions was that all the animals had to be 
found within a rather limited area situated in the middle of the 
barnacle-zone. They were collected by means of a knife and a forceps. 
The material was preserved in neutralised formaldehyde and sent to 
the Arktisk Station, Godhavn, where sorting was carried out. Naturally 
enough, the greater part of the material consists of Balanus balanoides 
and Littorina saxatilis var. groenlandica, but additionally, there is a rich 
material of isopods, worms and halacarids. There is also a smaller 
material of Mytilus edulis, Acmcea testudinalis and other less important 
animals from Greenland's tidal zone. 

It was not possible to obtain any quantitative information from this 
material. Owing to the fact that the Greenland tidal-zone animals are 
very particular in their choice of habitation, quantitative collections are 
difficult to carry out. Moreover, for B. balanoides any quantitative in­
formation might be of dubious value, being only a measure of the fas­
tidiousness of the cypris or of the size of the adult animals. In Godhavn, 
the author attempted quantitative collections by means of a small rope 
ladder placed on the cliffs at right angles to the low water line, and 
reaching up above high water line. Each square between the steps cov­
ered an area of 100 cm2• This method had to be abandoned, as in order 
to obtain a reasonable figures of quantitative value, so many counts on 
so many shores and cliffs had to be undertaken that it was outside the 
scope of the present programme. 

Laboratory methods 

Size measurement 

For the purposes of this paper a total of about 9,000 B. balanoides 
have been measured and determined as to gonad development and age. 
Moreover, a few samples from less important localities or dates have 
been investigated for cypris or nauplia. 

The length of scutum is considered to be the best means of measuring 
the individual animal. The main reason for this is that the scutum is 

2* 
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always present, whereas other measuring means, e. g. total-length, height, 
volume, weight, cannot be obtained from all the animals in a sample 
because animals can be somewhat damaged during actual collection. 
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Fig. 12. Total weight related to scutum length (A) and total length of base (B). 

Another reason for using the scutum length appears from fig. 12. For 
a series of undamaged, normally shaped, animals, individual measure­
ments of total-length (carino-rostral-length), scutum-length, weight of 
shells and of soft-parts were made. The total-length was measured by 
a venier caliper. The scutum-length was measured by an eye-piece micro­
metre. Before being weighed, the shells and soft parts were separated 
and these parts treated separately. They were dried on filter-paper; 
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for the soft-parts the superfluous water only was dried away. The weight 
of the animals is calculated as the sum of the shell-weight and the weight 
of the soft parts. 
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Fig. 13. Seu tum length related to total weight. Dots : barnacles with a normal shape. 
Crosses : barnacles with an elongated shape. 

Each animal is represented by two dots in fig . 12. The weight of 
each animal is given both per total-length of base and per scutum-length. 
It is immediately obvious from the figure that scutum-length is a better 
measure for the size of the animals than total-length. 

For the majority of undamaged animals, scutum-length and weight 
were measured, but not the total-length. The result is shown in fig. 13, 
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Fig. 14. Weight of shells related to weight of soft parts. 



XII Ba/anus balanoides (L. ) (Cirripedia) Life cycle and growth 

mm 

20 
"' ·;;; 
a 
.a 

0 

.c 
0, 
C 
~ 

15 

10 

• : barnacles wi th a "normal" shape 

X: 

• 

an el ongated -

• 

• 

• • • • • 
••• • • .... . -~. • • . -'.:-~-· • . , .. 

X 

, •1•, 
• • X 

• •• ••• •• Xx 

• 
~- ~-• • -. 

X 

x X 
X 
X 

• •• 

• • 
• 

• 

• 

scutum- length 

• 

10 mm 

23 

Fig. 15. Scutum length related to total length (carino rostral length) for the two 
types of barnacles. 

where, in addition, the material is divided into normally shaped animals 
and extremely elongated animals. The regression-equation for normally 
shaped animals is: log W = 3,65 • log 1- 0,08. Isometric growth gives 
length the exponent 3. For practical purposes the exponent 3,65 will 
indicate an almost isometric growth. 

The majority of the animals in all the samples were of normal shape, 
but as shown by fig. 13 scutum-length is also a good measure for the 
elongated animals. Of course it is to be expected that there should be 
a constant relation between the size of the soft parts and the size of scu­
tum, as both are related to the size of the orifice between the wall-plates. 
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Moreover, the shells of the more elongated animals seem to be more 
delicately built, and the channels in the plates rarely filled with chalk. 

The animals are heavier in the autumn, when the gonads are fully 
developed, than at any other time of the year (BARNES, BARNES & 
FINLAYSON 1963 a). For present measurements, only animals with fully 
developed gonads are used; thus, the weight of the soft parts represents 
the maximum seasonal weight. 

Fig. 14 gives the relation of shell-weight to weight of soft parts. 
An eye-fitted line shows that the shells weigh approximately three times 
as much as the soft parts. The shells also contain some organic matter. 
In order to give the proportion of chalk, water and organic matter, the 
following analyses were made. From some older animals shells and soft 
parts were kept apart. The shells were dried, weighed, treated with acid 
to remove the chalk and the organic matter, and then dried and weighed 
again. The soft parts were dried on filter-paper, weighed, and then dried 
by air, so that almost all the water inside the body evaporated. These 
rough experiments showed that an old B. balanoides with ripe gonads, 
consists, on an average, of 70 °lo chalk , 24 °lo water and 6 °lo dry organic 
matter. 

Scutum-length might be a good enough measure for the purpose of 
comparing different populations of B. balanoides, but for comparison 
with other species and for further considerations on metabolism and 
growth, other measures such as weight of soft parts or content of protein 
or nucleo-protein, should be employed (BARNES & BARNES 1959d). 

The carino-rostral length has been the most commonly used measure 
for B. balanoides in previous papers e. g. (RuNNSTROM 1925, HATTON 
and FISHER-PIETTE 1932, FEYLING-HANSSE N 1953, several papers by 
BARNES, CRISP and co-authors). MooRE (1934 a) used the volume as a 
measure and in (1 935 a) abandoned scutum-length as a measure for B. ha­
meri. BARNES, BARNES & FINLAYSON (1963 a) used the weight of scutum. 
The relation of total length to scutum length is shown in fig. 15. 

Age determinations 

The shells show different types of growth-rings. The growth-rings 
on the scutae are usually easy to see, and in this way the age determined. 
Photo plate I shows various examples of scutae. v\Then the shells were 
not too corroded, three types of growth-rings could be distinguished. 

The winter-rings are as a rule very distinct, and as the growth-zone 
from the last winter to the collection date normally appears as a white, 
delicate shell, seasonal growth can be traced, and it can be seen that no 
false winter-rings are formed during the summer season. Yloreover, as 
the scutum shows a rather isometric growth, the length of t he winter-
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rings can be used as a measure for the size attained during the respec­
tive periods. 

The moult-rings are rather distinct on the scutae and tergae, and 
on those parts of the other shells where the opercular plates are 
hinged. 

The number of moult-rings between the winter-rings was noted when 
the latter were measured. This procedure ensured that the winter-rings 
were correctly treated, and that any subsequent doubts could be traced. 
The information obtained from the moult-rings is not fully utilised in 
this paper. It appeared that the number of moult-rings between two 
winter-rings on animals of the same size-group, was the same, irrespective 
of the magnitude of the growth. Thus, an animal with a slow growth has 
a rather large number of thin moult-rings, while an animal with a rapid 
growth has relatively few, but broad, moult-rings. 

In the growth-zones between the moult-rings there are 8-12 smaller 
rings. These are difficult to see, and the reasons for the rhythms they 
indicate, unknown. A theory of their dependence on tidal-periods or 
day and night could not be verified by preliminary counts. As yet, no 
further studies have been made on these rings. 

On uncorroded scutae the first 1 / 2 mm of the shell is of a different 
structure. This part of the shell is thought to be the larval shell because 
of its size (the cypris is ½ mm long) and position. The larval shell is 
characterized by a uniform, granular structure and a furrow running 
along the middle. Careful measurements of the larval shell might yield 
information on geographical variations in the size of the cypris; however, 
various test-samples show that such variations might not exist. As the 
larval shell is difficult to measure owing to its small size and the amount 
of corrosion, the question was abandoned. 

Corrosion of scutae 

The greatest difficulty when measuring and determining the age of 
scutae is the corrosion caused by algae burrowing in the shells. Only 
a small number of the animals were heavily attacked. Animals that could 
not be determined as to age were listed under the question mark (see 
plate 3-38), but it was usually possible to distinguish the growth-zone 
from the last winter-ring to the collection date. The degree of corrosion 
depends both on the animal's position at the respective localities and on 
the geographic situation of the localities. Thus, animals on an exposed 
shore are almost never corroded, while animals densely placed in fissures 
are heavily corroded. Moreover, it is the author's impression that B. bala­
noides on the cliffs at Bergen, Bangor, Plymouth and Roscoff, are more 
corroded than the Greenland animals. 
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Of course, the older animals are more corroded than the young ones. 
In some samples it appeared that the algae-attack occurred during a 
rather short period in the summer, and that the corrosion did not spread 
to the new shell which grew after the "attack-period" . The corrosion af­
fects only living shells, not dead ones. ScHAFER's results (1938), support 
these observations. PARKE and MooRE (1 935) made a study of the algae 
that attack shells in England. 

Green halacarids were present in most samples; these were found 
in great numbers in the fissures between the barnacle-shells, and the 
present author presumes that they suck the algae out of the shells. Ac­
cording to descriptions in MoTAS (1 961), these animals are tentatively 
determined to Rhombognathus seahami (HonGE). 

The broken scutae 

When making measurements the author frequently found scutae 
that had been broken and had afterwards grown together. Plate I shows 
examples of this condition. As it was not expected that broken scutae 
would be encountered when plans were being made for treating the 
material, several stations were worked up before the number of broken 
scutae in each sample was noted. This is given in percentage in the tables 
in plates 3-38. 

In the beginning these broken scutae were considered to be the 
result of occasional accidents , but it soon became evident that this was 
not the sole explanation. Out of the 10 calcareous barnacle plates it was 
always only the scutae that were broken; usually only one, but both 
might be broken. Some of the scutae had been broken on two different 
occasions. It was evident that only a hard pointed object, piercing right 
down into the orifice, could make such damage. The only possibility is 
that birds e. g., the turnstone (Arenaria interpres (L.)), or the purple 
sandpiper (Calidris maritima (BRti NN ICH)) or the ringed plover (Chara­
drius hiaticula L.), which are all common to the area (SALOMO NSEN and 
G1Tz-JoHANSEN 1950), hack the barnacles out of the shells. It seems 
that some of the animals escape their fate ; only the lid-plates are dam­
aged and these later grow together again. 

The present author has not made observations on birds in the 
tidal-zone, but H0RRING (1926, p. 165) mentions that the turnstone 
hacks barnacles off the stones. 

It can be considered fairly obvious that only a few of the barnacles 
exposed to this kind of attack will survive. With this in mind, it is re­
markable that such a high percentage of the population, from 2-10 °lo, 
exhibit damage of this nature. 

Moreover, these figures are only minimum estimations as some of 
the damage is not seen until measurements are made under the micro-
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scope. Some damaged animals will , therefore, not be listed, when only 
an undamaged scutum is used for measuring. The yearly mortality from 
bird predation cannot be estimated from these percentages, as the latter 
are the result of several years predation. However, bird predation must 
have an important bearing on the barnacle-population. 

It appears that no false winter rings occur as a result of the damage. 

Gonad-development 

Gonad-development during the season was studied by classifying 
the gonads into five stages from "no gonads visible" to "gonads fully 
developed". In the figures and the plates these stages are reduced to 
three. Moreover, a character is given for the ovary and testes, when 
these are emptied. It is difficult to pluck the barnacles off the cliffs 
without damaging them; therefore, any information concerning the 
content of larvae is unreliable. The same could be said of the ovaries, 
but as the base is thick, and often has chalk precipitations during the 
period when the gonads develop, the ovary will remain attached to the 
animal. Taking everything into account, it was usually possible to deter­
mine the development of the ovary but, unfortunately, it was not found 
possible to give an exact determination of the hatching period. 

The testes are easy to classify, but it appears that they are not so 
cleanly emptied during fertilization as the ovaries. It seems that the 
testes degenerate some time after copulation, at the time they are clas­
sified as being "empty". This explains why the testes "finish the season 
later" than the ovaries. 

The penis is also easy to classify. Normally, the fully developed 
penis is shed by a moult after copulation, before the winter. In some of 
the spring samples from Umanak, animals with a long, slender penis 
were found; it was obvious that these had been used during fertilization 
in the preceeding autumn, but the animals had not managed to moult 
before winter. 

The gonad-stages were erected during the preliminary stay in 
Greenland when the author had no access to the literature. Nevertheless, 
the stages correspond fairly well with those used in similar works, e. g., 
CmsP and PATEL (1961). 



RESULTS 

Survey of the material 

The tables on plates 2-38 show the material in partly treated form. 
Firstly, for each sample is given the locality, date and the percent­

age of broken scutae. Next comes a diagram giving the complete material, 
arranged according to age and size. The next diagram gives the relative 
size-distribution for juvenile and adult animals respectively. Each of 
these groups is treated separately, so that each add up to 100 °lo-

The last three diagrams give the development for ovary, testes and 
penis, according to the size of the animal. It appears that the largest 
animals are the most developed. Great care has been taken to ensure 
that the size of the gonad has not influenced the evaluation of the gonad 
stage. 

The survival of the first winter is of great importance in gonad 
development as the O.-gr. animals seldom have developed gonads and 
never fully develop ed gonads, even though these animals are as big as 
older animals that might be fertilized. 

From the penis-diagram it appears that the largest animals are the 
first to slough off the penis in autumn, and in this case there is no pos­
sibility that the stage has been estimated wrongly. 

It is possible from these tables to obtain an impression of the dif­
ferences in gonad development in the different localities, but this is 
treated more thoroughly in the following chapters. 

Fecundity 

Fig. 16 shows the number of eggs according to the scutum-length. 
The egg-number is calculated from counts on a small part, i. e., one 
quarter or one tenth of the egg-masses. The normal-shaped animals 
tend to contain more eggs than the extremely elongated ones. This is 
in accordance with the observation that the normal-shaped animals 
have a space between the wall-plates (not conically shaped, as t he ex­
ternal shape indicates), composed of a lower chamber from which a 
funnel-like tube leads to the opening. Within the chamber t here is space 
for the egg-masses, and inside the tube there is space for the greater 
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part of the body see also GUTMANN (1960) . The elongated fo rms do not 
have a similar egg-chamber. The egg-number is linearly related to volume, 
as a plot against l3 has shown (not figured here). 
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Fig. 16. Number of embryos in the animals related to size for the two types of 
barnacles. 

Age-distribution 

From the age-distribution it is possible to obtain a picture of samples 
taken from the same place. Figs. 17-24 give the age-distribution, with the 
O.-gr. animals omitted. Owing to the gregarious nature of these creatures, 
great differences in age-distribution in populations close to each other 
can be found. We know that the samples from Godhavn are taken within 
a small area, about 2 m2 in each level, and moreover, the diagrams for 
Godhavn M.W.M. 1959 & 1960, plate 11- 17, show that age-distribution 
can change radically from one year to the next. With this in mind the 
samples from the other towns seem also to be taken from a smaller area 
at the same level all through the season. 
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The diagrams too show that the younger animals dominate the 
samples from the southern stations and at the lower levels. 

The material cannot be used for calculation of mortality, as the 
recruitment varies so much from one year to another. 
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Figs. 25-32. The diagrams give the proportions of adult animals irrespec tive of size 
in the different stages of gonad development. Samples in which embryos fertilized 
in the preceding autumn are found (E ), and samples in which cypris ready for 
attachment are found (C) are noted on the penis diagram. Estimated cumultalive 
curves for the ripening of the gonads and the shedding of the penis are drawn. 

Sexual cycle 

The sequence of the sexual cycle in the calendar-year is indicated 
m figs. 3-8 and 33, by the larval period and the copulation period. 

The duration of the larval period is estimated to be the period from 
the climax of hatching to the climax of settling. This method presupposes 
that the settling larvae originate from the local population without 
transport of larvae to or from the area. This supposition is not always 
correct, as will be shown on page 49. 

An estimate of the sexual cycle is made first on the Godhavn 
material, which consist s both of the direct observations in the field , and 
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Fig. 26 . Gonad development in Godhavn H.W.M. 1959. Explanation see fig. 25 . 

of the indirect results obtained from figs. 26- 28. For the other localities, 
the indirect results in figs. 25 and 29- 32 are the only basis for the esti­
mate. 

Hatchin g period 

Direct observation material from Godhavn is best given in the 
form of the following extracts from the journal. For the localities men­
tioned see PETERSEN (1962). 

25.2.1960 : Investigation of the ice-foot at Udkiggen. The ice-foot stands in 
a perpendicular position. The lowest barnacles are not covered by the ice-foot. 
Both barnacles and mytilus were observed above sea-level. Collection impossible. 

12.3.1960: On a skerry ofi Udkiggen some barnacles and mytilids were collected 
in a zone between the ice-foot and sea-level. The barnacles contained embryos. 

12.4.1960: Skerry oIT Udkiggen. The animals in the lower part of the tidal­
zone not covered by the ice-foot. 

159 3 
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22.4.1959: Skerry at Udkiggen. The sea-ice disappeared from this clifT around 
10.4. The ice-foot permitted collection only at low-water mark. The barnacles had 
naupliae. 

23.4.1960 : Skerry at Radion::esset. The sea- ice disappeared from the clifT around 
15.4. Owing to the ice-foot only animals near L.W.M. were collected. The barn acles 
had naupliae. 

25.4.1959: Skerry in the entrance to the harbour. The 2,5 m thick ice-foot 
was blown away with explosives. Animals collected from beneath the ice. The 
barnacles had naupliae. 

6.5.1960: Skerry at Udkiggen. Most of the barnacles had liberated the embryos 
but some of the uppermost animals still had naupliae . The very uppermost animals 
were inaccessible owing to the ice-foot. Dried-up animals closed their lids when 
touched with the pincers. 

8.5.1960. Skerry in Kirkegardsbugt. Barnacles at L.W.M. had hatched . 

10.5.1959: Skerry in the entrance to the harbour. Barnacles at L.W.M . hatched, 
while barnacles at M.W.M. still had naupliae. The ice-foot covered the uppermost 
barnacles. 
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Fig. 28. Gonad development in Godhavn L.W.M. 1959. Explanation see fig . 25 . 

20.5.1959: The rocks beside Dog Food Rack. Animals from H.W.M. were col­
lected after the ice foot had been exploded. Barnacles at H.W.M. had naupliae. 

14.7.1959: Skerry in the Harbour Entrance, H.W.M. One barnacle of 173 still 
had naupliae, together with developing gonads. The ice-foot disappeared from this 
locality about one month earlier. 

16.10.1959: Skerry in the Harbour Entrance, H.W.M. In one barnacle dark­
brown egg-masses were found, with fully developed naupliae. Above these, was 
another pair of egg-masses with recently fertilised eggs of a light yellow colour, 
comparable to the egg-masses usually found in the sample. 

These last two examples tend to show that some animals poorly 
placed in the tidal-zone can exhibit an abnormal sexual cycle, supposedly 
because various hatching-factors have not been present in sufficient 
amounts. 

Information, from which the hatching-period is estimated for 
localities other than Godhavn, consists only on observing whether 

3* 
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Fig. 29 . Gonad development in Sukkertoppen 1959. Explanation see fig. 25. 

naupliae are present in the glass-jar or not. A direct comparison between 
the condition of the samples from the different localities gives further 
information. Moreover, consideration has been given to the development 
of the gonads when estimating the hatching-period. In the case of God­
havn, approximately the same estimates of hatching-periods were ob­
tained from both the direct and indirect observations. 

Settling period 

For Godhavn the settling-period is also estimated both from the 
direct and indirect observations. The following notes from the journal 
give the direct observations. 

27.7.1959: Skerry in the Harbour Entrance. No pinheads. 

29.7 .1959 : Egedesminde Harbour. Settling just started. 
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"" 

6.8.1959: Skerry in the Harbour Entrance. Many recently settled barnacles. 

6.7.1960: Skerry in the Harbour Entrance. The settling started 3-4 days ago . 

Note that settling started one month earlier in the year 1960 than 
in 1959. 

Observations made in the inner part of Disko Bugt, in Ata Sund 
(PETERSEN 1964, p. 33), showed that settling in 1960 started about 
4 weeks later than at Godhavn. This can be explained either by the 
more arctic conditions in Ata Sund or by an early settling at Godhavn 
of larvae originating from Sukkertoppen districts, see p. 49. 

The indirect material comprises samples in which cyprids are found, 
see fig. 25-32. Moreover, the growth curves for the 0-gr. animals shown 
in fig. 39-45 are used for the estimate of the settling-period. 

For the three levels from Godhavn it appears that settling starts 
later and finishes earlier at H.W.M. than at L.W.M. 
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Fig. 31. Gonad development at Arsuk 1959. Explanation see fig. 25 . 

Material from Angmagssalik does not permit an estimate of the 
settling-period. ELSE STEENSTRUP reports that settling started in Uma­
nak in 1962 in the middle of August. No settling had taken place in 
Umanak during the present author's visit from 11.8. to 14.8. in the year 
1960, but in the samples from Upernavik and Augpilagtoq from 9.8.60, 
some 0.-gr. animals were found. Settling in the Umanak and Upernavik 
districts is, therefore, presumed to occur in August, viz., at the same 
time as in Disko Bugt. In the northern districts, settling may fail in 
some years. 

Copulation period 

The copulation-period is given as the period from the date when 
50 °lo of the population have a fully developed penis to the date when 
50 °lo have shed the skin with the fully developed penis. These dates can 
be determined with about 5 days standard deviation. For Umanak and 
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Fig. 32 . Gonad development at Angmagssalik 1960. Explanation see fig. 25. 

Angmagssalik the date of completion is doubtful. Too few samples are 
at hand, and some animals may not be able to shed the skin with great 
penis before the arrival of the winter-ice. 

Duration of the embryonic development 

The average length of this period can be estimated to be at most 
the period from the climax of copulation to the freeze-up in the ice-foot, 
as barnacles from beneath the ice have fully developed naupliae. It is 
not certain if the eggs reach the nauplius stage before the winter in the 
populations north of Godhavn. After the completion of the embryonic 
development there follows a diapause, interrupted by certain hatching­
factors. 

The technique used by CRISP (1 959 b) to study the development of 
embryos was noticed too late to be used in the present study. 
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See figs. 3- 8 for relations to climate. 

The embryonic development at Godhavn cannot last more than 
about 60 days_ It was found to be about 70 days for the local population 
in Bangor (CRISP 1964). 

In a sample from Umanak, 11.8.60, seven animals out of 80 con­
tained egg-masses with naupliae and fully developed gonads. In the 
sample-jar from Pr0ven 10.8.60, there were several naupliae. The nau­
pliae in these two samples originate from eggs fertilised in the preceding 
autumn. This instance is comparable to that mentioned from Godhavn 
H.W.M. 16.10.59, on page 35. 

Factors acting on the sexual cycle 

Hatchin g 

Hatching cannot start before the animals are thawed out of the 
ice-foot. It is also necessary that the embryonic development is completed. 
In the northernmost districts part of the embryonic development might 
take place in the spring, but there is no evidence to support the theory 
that embryonic development cannot be completed in the northernmost 
population. 

Even when these two first conditions are met, other factors are also 
necessary for hatching, (see CRISP 1956, 1959c, 1962a, BARN ES 1957 a). 
For the present material the following has been noted in relation to 
hatching factors: - Embryos are hatched in the spring only, even though 
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they are already fully developed by autumn in all localities ( except 
presumably, Umanak, Upernavik and Angmagssalik). Temperatures 
cannot play an important role for hatching, as the temperature is of 
almost the same magnitude and has the same variations in the autumn 
as in the spring. Similarly, amount of light and length of day cannot 
be of any importance, as a comparison between Sukkertoppen and 
Angmagssalik (both on the same latitude), will show. 

The differences in hatching-time on the levels at Godhavn tend to 
show a correlation to time of water-coverage and to the date when the 
animals are thawed from the ice-foot, (note that the latter depends on 
the former factor). The L.W.M. animals hatch in the first week of May, 
while the H.W.M. animals hatch in June, or later; some may not hatch 
at all. 

In Umanak, hatching occurred in July 1962, even though the ani­
mals, owing to an extraordinarily warm summer, were free of the ice­
foot in May. The sea-ice also disappeared in May, indicating a spring­
diatom increase during this month. 

The hatching factors may be related to the spring diatom increase, 
as pointed out by BARNES (1962 a). The H.W.M.-population and the 
northern populations tend to show that the hatching factors act quanti­
tatively and not qualitatively. Certain factors are needed in order to 
hatch the eggs; these influences can be summed up over a long period 
when they will be present to some degree, however slight. 

The fate of animals forced to contain broods from two years is 
unknown. 

Duration of larval stage 

The duration of the larval stage was as follows m the different 
localities: 

Godhavn 
Sukkertoppen 
Godthab 
Arsuk 

90 days 
65 days 
72 days 
76 days 

This result agrees well with the geographic situation of the localities, 
Godhavn being the most arctic, Sukkertoppen the most boreal, and 
Arsuk, again, having more arctic conditions owing to the East Green­
land Current. 

As the larval-period occurs at different periods of the year in dif­
ferent places, the author made certain investigations as to whether the 
duration of the larval stage depends on the "heat-sum". It was presumed 
that the larvae are in the uppermost layers in all stages as they are 
photopositive during all the pelagic phases (THORSON 1964). If they 
spend part of the larval stages in only about 10 m depth, the heat-sum 
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will be different, but for purposes of comparison the results are accurate 
enough. Moreover, only surface temperatures are available to the extent 
necessary. See p. 15 for calculations of the heat-sum. 

Fig. 34 shows the remarkable result that the duration of the plank­
tonic stages were positively correlated with the heat-sum. In this figure 
the heat-sum is calculated as to the number of day-degrees, D0 , obtained 
from climax of hatching to climax of settling, for both air and sea 
temperatures. The Arsuk result consists of the lvigtut and Nanortalik 
results, and with this in mind, the Arsuk results agree well with the 
others. 

This result is not in accordance with other investigations on the 
growth-rate and temperatures (e. g. LARSEN and THOMSEN 1940, NIELSEN 
and EVANS 1960, BoETIUS 1962, McLAREN 1963, URSIN 1963a) . 

The author concludes that factors other than temperature were 
important for the growth-rate, see also URSIN (1963b). 

Results on the investigations of the influence of primary production 
are shown in fig. 35. The sum of the primary production during the 
planktonic stage may be used as a rough measure of food-conditions 
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Fig. 35. The primary production supplied during the pelagic stage related to the 
duration of the pelagic stage. 

for pelagic larvae. The relation obtained is reasonable enough, and we 
must conclude that food is more important for growth rate than tem­
perature. 

Settling 

When the larval development is accomplished, settling starts, 
depending on a long row of biological and physical-chemical factors. 
Many attempts have been made to study these factors more closely, 
e. g., KNIGHT-JONES (1953 a), BARNES (1956 a), CRISP (1961), CRISP and 
MEADOWS (1962). 

In the present study the settling period is estimated from the pre­
sence of cypris in the samples, and the settling-factors are also consi­
dered when giving the results. First of all, the quality of sampling is 
presumed to be of high and uniform quality (the results show this to 
be so, in the opinion of the author). 

In a previous work (PETERSEN 1962, p. 29) it was said that B. bala­
noides in Greenland is never found on shells of Mytilus and Littorina. 
The statement should be slightly amended, however, as the author has 
now found this to occur in a few samples from the most boreally marked 
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localities, Sukkertoppen, Godthab and Arsuk. However, this occurs 
only occasionally, with only one, two or three B. balanoides on a few 
shells, and never to the same degree of density found on shells from the 
English and French coasts. From Disko Bugt northwards, the author 
has never seen shells of Mytilus and Littorina with B. balanoides, either 
in the field or in the samples (see also SCHAFER (1952) for a description 
of the comparable influence of brackish water). 

Another geographic variation of settling behaviour is observed from 
the Greenland samples. In the samples from Disko Bugt northwards, it 
is extremely rare to find cypris of "pinheads" on the adult B. balanoides. 
In samples from the southern localities (except Angmagssalik), it is more 
common to find cypris and pinheads on the older animals, but it is still 
rare to find them on fast-growing O.-gr. and I.-gr. animals (see also 
PETERSEN (1962) for the variation in population types). 

Observations from Godhavn indicate that cypris are more parti­
cular in the choice of habitat in the beginning of the settling period than 
at the end. 

The difference in population type between the northern and the 
southern populations (where the northern animals prefer marine con­
ditions and the southern avoid marine conditions), should be taken into 
consideration. 

Observations mentioned indicate that a geographic variation which 
might bias the estimate of the settling-season, does exist. Fortunately, 
direct observations on settling are from the northern station, Godhavn, 
where it might be expected that the greatest faults occur, if the preserved 
material only is used as the basis of the results. 

Maturation of the gonads 

A necessary condition for gonad development is that the Greenland 
animals have passed the first winter. Sterile animals are rare, and obvious 
parasitism is never seen. The author has seen animals living under poor 
growth conditions with undeveloped gonads, but normally, poor food 
supply does not result in bad gonad development. Growth conditions 
may have some influence on the course of gonad development; this is 
seen from the difference between the three levels at Godhavn. 

Light- and day-length do not have (as presumed by BAR ' ES (1963b) 
and CRISP (1959a)), any obvious relation to gonad development; this 
is seen from the results from Sukkertoppen and Angmagssalik, both 
situated on approximately the same latitude. 

Temperature conditions seem to be the most important factors for 
gonad development. The building-up of gonads seems to occur during 
the whole season, while copulation seems to be connected to drops in 
air-temperature, i. e., below the freezing-point of sea-water. 
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A mechanism that could be governed by external factors, induc­
ing and syncronizing the internal rhythm, might have the following 
character:-

The animals' gonad development may be governed by two gonado­
trope hormones that counterbalance each other. At a high metabolism, 
one of them dominates and the gonads are developing. At a lower meta­
bolism the other dominates and copulation starts. Production of the 
hormones first starts after a period with very low metabolism (the first 
winter). 

The production and the destruction depend on the metabolism, and 
the rate of the processes are different for the two hormones. The balance 
between the two hormones depends on the amount of hormones present. 
This could explain why a certain period of low temperature (and not 
sudden temperature shock), releases copulation. Whatever the low meta­
bolism is due to, e. g., low temperature (the general factor), poor food­
conditions (H.W.M.-animals), internal slow-down (big animals), the hor­
mone that maturates the gonads dominates. 

CRISP (1959a), CRISP and CLEGG (1960) and BARNES (1963b), have 
given further evidence regarding the influence of the rate of metabolism 
on the sexual season. 

Size distribution of 0.-gr. and 1st winter ring 

This chapter deals with several observations and measurements 
which have an important bearing on the results in other chapters, but 
which cannot be treated separately. 

Fig. 36 shows the size-distribution of the 1st winter ring measured 
on I, II, and III-gr. animals from the three levels from Godhavn. These 
distributions are bimodal or skew. The bimodality is most pronounced 
in the younger animals (perhaps an effect of Rosa Lee's phenomenon 
(RICKER 1958)). The size-distribution of the 1st winter ring should cor­
respond with the size-distribution of the 0-.gr. animals collected im­
mediately prior to the arrival of winter. Fig. 37 shows that this is not 
the case, as the 0.-gr. animals from 16-10-1959 have an approximately 
normal, and not him odal distribution. 

The author became aware of the heterogeneous quality of the material 
at an early stage of the measuring activity, as animals with an obviously 
large 1st winter ring were characterized by a rapid rate of growth during 
the 1st season and a fine, uncorroded shell. It was easy enough to measure 
the larval shell and count the number of moult-rings from the larval shell 
to the 1st winter ring. There is no liklihood that the second winter ring 
was erroneously counted as the first winter ring; moreover, this would 
not explain the bimodality. 
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Unfortunately, the amount of material of 0.-gr. animals from the 
year 1958 is not sufficient to elucidate their size-distribution. Samples 
collected in 1960 show (fig. 37) , that the 1st winter ring on this year's 
1.-gr. animals correspond well with the total-length of the 0.-gr. animals 
from 16-10-1959. Both distributions are monomodal, with roughly the 
same modus. A bimodal distribution of the 1st winter ring is found on 
the II and III gr. animals in the year 1960. The 0.-gr. animals from 
1960 also show a tendency towards bimodality, and comparison between 
the samples from 4-9-1959 and 3-9-1960 clearly shows the difference 
between the two years. The difference between the two years was al­
ready noted during the collecting work, as settling started around 1st 
August in the year 1959, and around 1st July in the year 1960. 

Fig. 38 shows a comparison between the distributions of the 1st 
winter ring from I , II and III gr. animals from the four main localities. 
To simplify this the material is drawn as sumfunctions on probit-paper. 
The function from Godhavn in this figure corresponds to the curves for 
M.W.M. in fig. 36 and 37. From fig. 38 it is seen that the material from 
Godhavn has a bimodal distribution, while the material from the other 
localities has an approximately normal distribution. In all localities 
there is a tendency for the 1st ring to be smaller the older the animal. 
This may be analogous to Lee's phenomenon, but the possibility of a 
difference in growth in the different seasons cannot be excluded. 

The investigations indicate that settling had two maxima at God­
havn and one at the southern stations. The two maxima at Godhavn 
can be explained by a settling from two different larval populations; 
the first settlement is from a larval population which is carried north­
wards to Disko Bugt by the West Greenland Current, and the second 
settlement is from the local larval population . 

If the explanation given above is correct there should be a dis­
continuity in hatching along the shore. This can be brought about by 
the extension of the Canadian Polar Current, which is characterized by 
the "Vestis". During winter, the "Vestis" lies close to the shore of 
Greenland as far south as Holsteinsborg. In spring the "Vestis" retreats 
and the warm West Greenland Current sweeps up along the shore to 
the Upernavik district. The extension of the "Vestis" might divide the 
shore into two parts, between which there is a sudden change in hatching 
conditions. 

If the first larval population originates from Sukkertoppen district 
400 km south of Godhavn and the pelagic stage is 65 days (the Sukker­
toppen result) , the transport speed is about 6 km per day (or about 3,2 
nautical miles per day). In KrrLERI CH (1 943) speeds of 17-40 nautical 
miles are given per 24 hours for stations off Southwest Greenland. Ac­
cording to these ciphers, it is feasible that a settlement of larvae from 

159 
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remote populations can be expected. Owing to the large amount of local 
shore water a settlement of larvae from the local population must also 
be expected. The monomodal distribution from the three southern 
stations is in accordance with t he fact that hatching occurs almost 
simultaneously at these stations. 

From the areas north of Godhavn only a few measurements of the 
1st winter ring are at hand , as the animals are old and corroded. Never­
theless, the material shows a tendency towards bimodality, having two 
modes of the same magnitude as found at Godhavn. This strengthens 
the supposition that the populations in the northern districts are sup­
ported by larvae from the south and apparently both from the Disko Bugt 
area and from the districts south of H olsteinsborg. The possibility that local 
larvae survive the winter below the ice in the pelagic stage is not likely. 

As the 0. -gr. in 1959 in Godhavn is not bimodal, it would greatly 
facilitate matters if measurements of 0. -gr. from previous years were 
at hand. This is not the case, but there is some information to indicate 
that the year 1959 was abnormal regarding plankton conditions. In 
this respect, it is mentioned several times in BERTELSEN and HANSE 
(1960, 1961 and 1962), that the age-group 1959 of cod is very small. 

Growth of 0.-gr. animals 

The results of the measurements of 0.-gr. animals from plates 3-38 
are plotted against the date on figs. 39-44 in a simplified manner; thus, 
for every sample the range is given, and for samples with an approxi­
mately normal distribution, the average and standard deviation for the 
single observations are given. An estimated modus is given for extremely 
skew distributions. Samples with cypris are marked with a dot. 

When estimating the growth in this material it should be realized 
t hat even if samples from every locality are collected within a small 
area, these are not necessarily from the same population, as alterations 
in the composition of the 0.-gr. occur from one collection to the next. 
The following conditions are important with regard to alterations in 
the populations during the season. 

1. Mortality: It is presumed that the mortality rate for the 0.-gr. 
is independent of size. As the large animals have spent the longest 
time on the cliffs they will have suffered the heaviest total mortality, 
and the earliest settlers in the late samples will be under-represented 
compared with the early samples. This presupposes a greater mortality 
for the settled stages than for the pelagic ones . 

2. The progress of the settlement: The number of larvae settling 
every day has, presumably, a normal distribution with respect to time ; 
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Fig. 45 . Comparison between the growth curves obtained in figures 39- 44. 

thus, settling starts after a certain date, reaches a maximum, diminishes, 
and then stops again. Thus the early samples represent only the most 
advanced part of the larval population, while the late samples represent 
most of the year's brood. 

3. The course of the growth: The metamorphosed larvae will rapidly 
gain in weight, and probably follow an exponential function. Thus, a 
growth-curve showing length as opposed to time will be approximately 
linear during the first part of the growth season. At a later date, the 
growth will be retarded, owing both to bad winter conditions and to 
alterations in the animals' growth process. It should be noted also that 
for the 0.-gr. size is a rough measure for age. 

The following changes in size-distribution are to be expected during 
the season. Shortly after the start of settling the distribution will be 
skew, with a maximum among the smaller animals. As the smallest 
animals are probably under-represented owing to collecting errors, the 
skew distribution is more pronounced in the natural populations than 
in the samples. Shortly after the cessation of settling, the distribution 
might be skew, with a maximum among the larger animals owing to 
alterations following the growth-process; viz., the first animals to settle 
grow quickly, but they will spend more and more time in the larger 
length classes and accumulate in these classes. This might be counter­
balanced by the mortality rate, which, in the course of time, tends to 
reduce the number of large (older) animals compared to the number 
of small (younger) animals. 

When the growth curves are drawn, the modes or averages in the 
samples cannot be used alone, as possible alterations in the populations 
mentioned above must also be considered. This is shown in figs. 39- 44, 
where stippled curves are used. These curves illustrate the growth of 
an animal at the maximum settlement, growing up under average con­
ditions to an estimated average size by the end of the season. This average 
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size is estimated both from the measurements of the 0.-gr. and from the 
measurements of the first winter ring. In fig. 45 all curves from all 
localities are compared. 

In order to see how growth in weight depends on "heat-sum" and 
primary production, figs. 9, 10, 11, 13 and 45 should be studied. The result 
is seen in figs. 46 and 47, where the abcissa gives the "heat-sum" and 
the sum of the primary production, summed up and counted from the 
average settling-date. From these curves (figs. 46 and 47) it can be de­
ducted that the growth of the 0.-gr. animals depends neither on tempe­
rature nor on primary production. Reasonably enough, it is the animal's 
individual capacity to cat ch and to utilize food which promotes growth­
rate. From the three levels at Godhavn it is seen that growth is partly 
dependent on food supply, i. e., as measured by time spent under water. 
However, these differences are by no means as great as those between 
the other localities. If the animals are able to consume a certain amount 
of food, independent of temperature and food-density in the sea, merely 
the time spent in the water will be enough to influence growth. The 
independence of temperature and food-content in the sea may be under­
stood by the way the animals procure their food. It was observed on 
several occasions that the animals utilize waves for the "collecting" of 
food. The animals merely let their "catching-net" passively follow the 
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small currents produced by the waves (almost like a plankton-net) . 
Active movements (CRISP and SouTHWARD 1961), seemed to be less im­
portant. In this way the animals might be able to procure sufficient food 
during a tide-even with low food-content and low temperature. Digestion 
of food may be dependent on temperature. However, if the animals also 
digest food during low tide (as suggested by the presence of a small air 
bubble between the opercular plates- probably to allow exchange of 
gases), digestion dependent on temperature may not influence growth, as 
long as the animals have enough time during low tide to digest food 
captured during high tide. 

Growth of adult animals 

The size of adult animals was measured by the length of the scutum 
at the end of each season. The length at the end of the season where 
sampling was carried out, was estimated from the lengths obtained during 
the season and from the winter rings of older animals. 

Figs. 48-53 give the growth of I, II and III gr. from the 1959 samples. 
The material of the older age groups was too small to be treated in the 
same manner as the three younger age groups. The figures give the estim­
ated size the animals were expected to obtain at the end of the season 
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populations with a large 1st winter ring. Godhavn H.W.M. 
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1959, and also give the variation of the winter rings m the different 
samples. 

Tables 1-8 give the averages of the winter rings for each age-group, 
and the length obtained by the end of the season. From these tables 
figs. 54-64 are drawn. It is seen that the older the animals are, the smal­
ler the winter rings for the respective ages. This is in accordance with 
Rosa Lee's phenomenon (RICKER, 1958 p. 188). It should be noted that 
errors in the reading of the winter rings tend to give the opposite result, 
as the smallest winter rings on the old animals might be overlooked 
because of heavier corrosion. The actual (and only) growth curve for 
the populations cannot be obtained from figs. 54-64. This problem is 
further discussed in RICKER (1958, p. 189). For the present paper, how­
ever, it was decided to use a growth-curve of approximately the same 
form as that of the older animals, and the starting point of the curve 
for the first years is as indicated by the size of the younger animals. 

AUGPILAGTOO 1%0 

small 1. r ing 

8 

mm mm 

age 

0 

-1 

-2 

1 2 3 , 5 6 7 age 

mm 

Fig. 54.. Growth curves for the adult animals. In the length-at age diagram the un­
broken line shows the growth of the individual age-groups as indicated by the winter 
rings, and the dotted line shows the estimated growth curve. Dots unconnected to 
a growth curve give the estimated length for the age groups at the end of season 

investigated. 

In the Ford-Walford plot the lengths are taken from the estimated growth curve 
in the preceding diagram. Situated above the plot is the diagram for estimating 

K-value and t 0 . Augpilagtoq, 1960, small 1st winter ring. 
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fig. 54. 
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Of course, it is disputable whether the use of this curve is justified­
especially when used for comparison between different populations. 
Among other things, growth-curves depend on an evident selective mor­
tality rate in the larger animals. This can be due either to internal pro­
cesses, which cause the organism to break down when a certain size is 
reached, or to external conditions such as bird-predation, which presum­
ably strikes the larger animals. Both these conditions can, of course, 
vary from place to place and thus weaken comparison. However the 

esl imote-d growth - curves 

AUGPJLAGTOQ 

mm 

age 

Fig. 65. Comparison between the growth curves from the individual localities. For 
Godhavn the curve from M.W.M. with small 1st winter ring is used. 

quantity and quality of the present material does not permit further 
investigations of these problems. 

Naturally enough, competition between the animals will also affect 
the growth-curve, but to judge from the animals' appearance, only very 
few of them have been taken from overcrowded areas. 

The populations from Godhavn and further north seem to be com­
posed of two populations, with each their own settling period (see p. 49). 
The material is divided into two groups with a small and a large 1st 
winter ring respectively. Grouping was made on the basis of the original 
measuring notes. 

The growth-curves obtained seemed suitable for von Bertalanffy's 
method of growth-equation. This was prepared in accordance with me­
thods described in BEVERTON and HoLT (1957, pp . 282- 285) and in 
RICKER (1958, pp. 185-199) . Table 9 gives the results. 

A comparison between the growth curves for the different popula­
tions is given in figs. 65 and 66. 
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Fig. 66 shows, that the rate of growth is better at the lower levels, 
and that the H.W.M. animals seem to live longer than the lower placed 
ones. The Godhavn results also give an idea of the variations in growth 
due to the different levels encountered at the individual stations. The 
results correspond to those obtained from the 0.-gr. growth. 

Fig. 65 shows a comparison between the different stations. For God­
havn, the growth curve for the population from M.W.M. with small 1st 
winter ring is used. The results for the adult animals' growth are not so 

GOD HAVN 

est imated grow th -c urves 

H.W.V. 

age 

Fig. 66 . Comparison between the growth of the populations on the different levels 
at Godhavn. Unbroken curves : populations with small 1st winter ring. Dotted curves: 

populations with large 1st winter ring. 

easy to interpret as the 0.-gr. results in fig. 45. Nevertheless, some ex­
planations can be given for the individual localities. 

It was expected that the growth at Umanak would be bad as the 
town is situated in the inner part of a great fjord system. There are 
several active glaciers in the area; the ice-cover is of long duration, and 
subsequently, the summer is short. 

It is remarkable that growth at Godhavn is better than at Sukker­
toppen and Godthab. This feature does not correspond very well with the 
differences in climate and production or with the results from the 0.-gr. 
However, it should be remembered that the rate of growth for the 0.-gr. 
is as high at Godhavn as at Sukkertoppen and Godthab. The differences 
might be explained by extreme micro-factors, e. g., competition from 
neighbour-organisms or the position on the cliffs, but these factors are 
presumably not valid in light of the fact that many samples, which must 
originate from a certain area, have been obtained. The better growth 
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rate at Godhavn might be connected with the fact that the town is 
placed on an exposed shore, while both Sukkertoppen and Godthab are 
situated in large archipelagos. It may be that the growth paramet ers 
vary according to the climate. 

The growth at Sukkertoppen and Godthab is of the same order of 
magnitude as that of the 0.-gr.-animals. The geographic and hydro­
graphic conditions at the two towns are similar, and they lie only 150 km 
apart. 

The growth rate at Arsuk proved to be very large and favoured by 
several factors, viz., the town is situated near the open sea, there is no 
ice-cover, and it is the southernmost station. On the other hand, the 
town is influenced by the East Greenland Current during the spring, 
and the sea-temperature is rather low. It is difficult to make any definite 
conclusions about conditions at Arsuk owing to poor information on the 
highly varying hydrography and climate. 

The growth at Augpilagtoq falls outside the expected patterns. The 
animals were taken near the northern limit of the species in an area 
with about 8 months' ice-cover situated in the inner part of an archi­
pelago, and close to the glacier "Upernaviks Isstr0m". The material is 
very small, as the animals are rare in the area. Animals collected were 
all found in crevices near L.W.M. (PETERSEN 1962, p. 23). 

The animals from Angmagssalik could not be determined to age, 
but some measurements of the outer winter rings were obtained. These 
are set up in a Ford-Walford plot in fig. 67. This, of course, cannot be 
directly compared with the other plots, but it does show that the growth 
is fairly reasonable in this area (which is close to the northern limit of 
the species on the East Coast). 

It would seem that the growth of the 0.-gr. animals depends mostly 
on the animals' own growth-capacity, and that the growth of the adult 
animals depends on local factors and not on global factors. CRISP (1 960) 
gives further details on factors influencing the growth-rate. 

The growth parameters given in table 9 might be related to some 
environmental factors. 

The K-value, which is a symbol for catabolism, does not show the 
obvious trend found for several other animals (TAYLOR 1957, 1959, 1960, 
1962). However, the temperature-variations are so large for tidal-zone 
animals in all localities that it is almost impossible to give a mean 
temperature at which growth could be compared. 

L00, which is a symbol for the maximum size, seems to be positively 
correlated with food-conditions at the three levels from Godhavn. For 
the various geographical localities, this correlation is uncertain. Loo 
seems to be large at the arctically influenced localities such as Aug­
pilagtoq, Angmagssalik and Arsuk, and low at the boreally influenced 



XII Balanus balanoides (L. ) (Cirripedia) Life cycle and growth 71 

localities such as Sukkertoppen and Godthab. The low Loo at Umanak, 
which has an arctic climate, might be explained by bad food conditions. 

T max is a symbol for longevity. This is when correlated to tempera­
ture negative viz., low temperature leads to longer life, a fact well known 
from many poikilot herms. For the three levels from Godhavn where 
the temperature can be considered constant, the differences in T max may 
be correlated to food-conditions (poor food supply causing advanced age). 

ANGMAGSSAL I I< 196 0 

It mm 

Fig. 6?. Angmagssalik 1960. Ford-Walford plot of length of winter rings from indi­
vidual anim als. 

In the considerations on Loo and T max from the three levels at God­
havn, it should be noted that any danger from predatory birds might 
be more serious at H.W.M. than at L.W.M., because of the longer ex­
posure to bird attack. Subsequently, one might expect small, young 
animals at H.W.M. and old, large animals at L.W.M. viz. the opposite 
of the results obtained. But of course if birds make only short attacks 
at low tide, no difference in predation at the different levels should 
exist. No predatory animals, marine or terrestial were observed to eat 
B. balanoides. 

In this material there is no obvious connection between maximum 
size and maximum age, viz., Loo and T max• 

The age problem 

In the present growth curves age is counted in seasons, a commonly 
used measure for age. However, it is evident that this measure is not 
particularly suitable for the different populations of B. balanoides, as 
some are frozen in the ice-foot for part of the year. Thus, during spring 
at Godhavn there is great difference in the dates for H.W.M. and L.W.M., 
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when the animals are free of the ice. The earliest sample from H.W.M. 
originates from 20.5.1959 at the Dog Food Rack (PETERSEN 1962), 
when the ice-foot was blown away by explosives. The earliest sample 
from L.W.M. was taken 25.4.1959, when sampling was not hindered by 
ice (the animals in that sample had a green stomach-content). Thus, the 
L.W.M. animals have at least one months' lead on the H.W.M. animals 
in food uptake. In the autumn the season is also shorter for the H.W.M. 
animals than the L.W.M. animals. 

The age of the animals ought rather to be measured according to 
the hours or days in which they have not been frozen, or in which they 
actually feed. Further considerations along these lines would lead to 
problems of metabolic age, and the growth and ageing processes; problems 
to which this paper is unable to make further contribution. 



COMPARISON WITH SIMILAR INVESTIGATIONS 

Table 10 makes a comparison with investigations which give a 
reasonable amount of information on the growth and life history of the 
B. balanoides. The last column gives the sources. The results from Great 
Britain, apart from those from Port Erin, are taken from sporadic in­
formation published in numerous papers by BARNES, CRISP, and their 
co-workers. 

The columns dealing with the sexual cycle give only approximate 
periods for the peaks in the different stages of development. 

The duration of the larval stage as calculated in this paper may 
seem prolonged compared with the results of other studies, but in some 
cases, the other results are estimated from the start of hatching to the 
start of settling, which may give the larval stage a shorter than average 
duration. 

In Table 10 the length of the base (carino-rostral length) , the com­
monly used size-measure, is used to compare growth. The Greenland 
results are converted by means of fig. 15. The size at the end of the 
first season, a measure found in many of the papers, is not a good measure 
for growth conditions during a season, as this depends on the period 
between settling and the 1st winter. 

The information on climate is approximate only, and does not cor­
respond to standard measurements or standard treatment. 

The trend, as read from Table 10, is that the southern populations 
have the poorer growth. This might be explained in the following way. 
The food uptake depends on the animals' capacity of filtering, the water 
movement, and the duration of water cover, but not on the content of 
food in the sea. The rate of break down of the animals' tissue depends 
on the temperature; at high temperature the animals exhibit a great 
deal of activity (SOUTHWARD 1957). However, raised activity may not 
result in a food-supply being any better than at cold periods with low 
activity, as the waves produce enough currents to secure surplus of 
food capture by passive filtering work. Thus, at high temperatures the 
animals use energy for useless filtering movements ( or other processes 
involving high metabolism) and the growth will be slow. Another pos­
sibility is that the southern populations have a low L00 , which they reach 
very quickly. 



ZOOGEOGRAPHICAL REMARKS 

One of the purposes of the present paper is to point out some causal 
factors in the distribution of B. balanoides. The results are generally in 
agreement with those of other investigations . 

It was found that the northern limit is not determined by lethal 
values of temperature, salinity, ice-erosion or poor growth conditions. 
Even the northernmost populations are able to grow and to fertilize , 
but the summer season is too short for the accomplishment of the larval 
stage. 

In the arctic, B. balanoides prefers exposed shores, which are avoided 
at its southern limit (CRISP and FISHER-PIETTE 1959, FISHER-PIETTE and 
PRENANT 1956). Under marine conditions the species is essentially inter­
tidal, but under estuarine conditions it is found in deeper waters (Bous­
FIELD 1954) . 

The northern limit of B. balanoides is taken as the limit between 
arctic and boreoarctic zones, see HUTCHINS (1947) and BARNES (1957b) 
for further discussions. As the occurrence of B. balanoides does not de­
pend on short extreme climatic conditions, but on the length of the 
summer season and extension of northgoing currents, and as the animals 
at the northern limit live for 6- 12 years, the occurrence depends on an 
average stage in the decline of climatic conditions, when going from 
south to north. 

If the northern limit depends on the extension of the West Green­
land Current, fluctuations in the current would be demonstrated by 
variations in the northern limit. The existence of a species in an area 
can be easily proven by finds, but evidence of non-existence is somewhat 
more difficult to prove. In this respect , three investigations (made prior 
to those mentioned in the present paper), are of interest. 

VANH0FFEN (1897 p. 210) found B. balanoides in "Sermitdlet" 
(Sermerdlit, (Geodretisk Institut, Gr0nland 1 : 250 000)) either in the 
year 1892 or in 1893 (1892 being the most likely). Sermerdlit fjord is 
situated between Umanak and Qarajaq Isfjord, but it is not an actual 
"isfjord", inasmuch as glaciers do not debouch into the fjord. VAN-
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HOFFEN joined DRYGALSKI on many journeys in the Umanak district 
see DRYGALS_KI (1897, pp. 15-19), and mentions the find of B. balanoides 
as being unique. Taking DRYGALSKI's description of the voyages together 
with VANHOFFEN's description of the zoological result, one can state 
with some certainty that B. balanoides must have been very rare in the 
district in the years 1892 and 1893, and that it cannot have occurred in 
Umanak and Ikerasak, where it was found in 1960 (PETERSEN 1962, p. 20). 

FRODA (1924) was not able to find B. balanoides in the summer of 
1923 in the harbours, Upernavik, Proven and Umanak. FRODA himself 
worked on the problem of the sinking or rising of Greenland, and deter­
mined the vertical distance from a fixed point inland to the upper edge 
of the barnacle populations, the "balanus stripe" . As he had already 
made these measurements at Godhavn and at Egedesminde, it is quite 
probable that the species was absent in the northern districts, where 
he did not find it. The importance of the balanus stripes is further de­
scribed in SAxov (1958). 

In 1936 the districts from Proven northwards were investigated by 
VIBE and SALOMONSEN (MADSEN 1940). The expedition found one 
B. balanoides near Upernavik, and a few old animals were found in 
Proven, lying up to 1 m above L.W.M. 

In 1960 the present author studied the population-types in Uperna­
vik and Umanak districts (PETERSEN 1962), and in 1962 ELSE STEEN­
STRUP found B. balanoides to be common in Umanak and at Agpat, 
some 30 km north of Umanak. 

From the above-mentioned investigations it is concluded that 
B . balanoides was more common and extended further north in the 
Upernavik and Umanak districts in the years 1936, 1960 and 1962, than 
in the years 1892, 1893 and 1923. 

CHR. VIBE 1) was kind enough to provide the author with the monthly 
averages for air temperatures in Upernavik for the years required. He 
has, in addition, furnished valuable information on the problems of 
climatic alterations. If it is assumed that high air temperatures in the 
summer months indicate a northward extension of the West Greenland 
Current, and if the eight years before the year of investigation are con­
sidered the important years for the maintenance of the B. balanoides 
populations, it is possible to set up a table such as Table 11. 

Evidence on the occurrence of the B. balanoides is in good accordance 
with information on the climate. Hence, it may be concluded that the 
northern limit of the species fluctuates according to the extension of the 
West Greenland Current, but more thorough studies on the northern 
populations are required in order to follow these fluctuations. 

1) ,,Gronlands zoogeogra fi ske Undersogelser" . 
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The human population in Greenland depends almost entirely on 
marine life, and therefore, humans like animals often suffer from changes 
in climatic conditions. In this respect, it is hoped that this study might 
contribute a better understanding of fishing and hunting conditions. 
B. balanoides can be said to represent small climatological "stations", in 
which the gonad development and the geographical distribution will give 
information comparable to sliding averages of several climatic factors, 
which are also important with regard to commercial marine animals. 



SURVEY OF THE LITERATURE 

The literature on the tidal-zone organisms is very large, including 
that for Balanus balanoides, one of the most important animals of the 
tidal zone in the North Atlantic. To reach a closer understanding of the 
tidal zone ecology, one should perhaps not concentrate as much interest 
upon one particular species as has been done here. However, to deviate 
even a little from the subject it would be necessary to give a list of 
literature twice as long as the present one. 

The survey treats the phases in the life history of B. balanoides 
separately, a method with the drawback that many repetitions are 
necessary to give a complete list of papers dealing with each phase, as 
one phase depends on the preceding phase. However, many of the papers 
deal only with a limited part of the life history, thus making the used 
subdivision acceptable. 

Systematic, anatomy 

The placing of B. balanoides in the system was determined already 
in the 19th century on the basis of classic morphological investigations, 
see DARWIN (1854), GRUVEL (1905), BROCH (1924) & (1927). The many 
populations varying greatly in shape hindered a good systematic descrip­
tion, but now all the different forms are regarded as responses on external 
factors, see BARNES & POWELL (1950a), SCHAFER (1952). 

DARWIN (1854, p. 270-271) describes monstrous animals with trun­
cated cirri and penis. FEYLING-HANSSEN (1953) noted, that in B. bala­
noides from Spitsbergen the parietal tubes are not always secondarily 
filled out, and that the corrosion is not as severe as in animals from 
Norway. The shape of B. balanoides becomes more flat with increasing 
size according to the panel observations of BARNES & PowELL (1953). 
Fast growing animals also flatten out (CONNELL 1961 a). My experience 
confirms the above statements. However, this is not the case with the 
results of BARNES & BARNES (1962a) in which B. balanoides flattens 
according to how brackish the water is. As the basic material of these 
authors does not seem convincing, I have placed a questionmark 
behind the result despite BARNES and BARNES (1961 a) refer to it as a 
stated fact. 
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Information collected here on the shape and the variation during 
growth seems enough to show that the carino-rostral length cannot be 
used as a measure of size without giving the relation to weight. In this 
respect it must be mentioned that the animals can twist their axis 
during growth, e.g. STUBBINGS (1956). ' 

Chemical composition 

VINOGRADOVA (1953 p. 390) gives a few data on the chemical com­
position of the barnacles. 

BARNES, BARNES & FINLAYSON (1963 a) give a lot of data on t he 
seasonal variations of the chemical composition. The size is given both 
as valve weight, dry and wet body-weight, shell base diameter and 
content of DNA. 

The paper by BARNES & BARNES (1959 d) has the title "Some para­
meters of growth in the common intertidal barnacle Balanus balanoides 
(L.)", but deals with t he chemical composition. The paper gives relations 
between nitrogen content and body weight , weight of ovary, shell length, 
and volume. 

Horizontal distribution 

The distribution of B. balanoides in the North Atlantic is well 
known. The occurrence of the species in the Pacific Ocean is not com­
mented upon here, as I do not have first hand knowledge of the popula­
tions in that area. 

Among the more important papers describing the populations near 
the northern limit are: VANHOFFEN (1897), FRODA (1924), MADSE N 
(1936, 1940), BERTELSEN (1937), STEPHENSEN (1938), FISHER (1943), 
FEYLING-HANSSE N ( 1953), ELLIS ( 1955 ), BousFIELD ( 1955 a), BARNES 
(1957b), BALLANTI NE (1961 ). To these should be added the many Russian 
papers dealing with the populations in the Barents Sea and White Sea, 
of which I have only an incomplete and often second-hand knowledge. 

Descriptions of the southern limit are found in e.g. FISHER-PIETTE 
& PRENANT (1956, 1957) , BISHOP et al. (1957) , CRISP & FISHER-PIETTE 
(1959), WE LLS, WELLS & GRAY (1960). 

The distribution toward the Baltic is described in e.g. STEFFENSEN 
(1933), POULSE N (1935), BRATTSTROM (1958) , BARNES & BARNES (1962a). 

The peculiar shift in demand for increasing exposure going from 
south to north as was observed in Greenland (PETERSE N 1962) is further 
supported by the observations of FISHER (1943) and BALLANT INE 
(1961) who have bot h made journeys to Spain and Norway. BALLAN­
TINE describes conditions thus: "Many species show a progressive change 
in their exposure tolerances from north to south"-"all the species 
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behave in the same way, occupying increasingly sheltered shores towards 
the southern end of their range" . 

When B. balanoides is said to prefer exposed headlands both at Spits­
bergen (FEYLING-HANSSEN 1953), in Greenland (PETERSEN 1962), and in 
0resund (BRATTSTROM 1958), it is worth adding that in Spitsbergen the 
localities for B. balanoides are at the openings of the fjords and that 
the opening to the Baltic consists of 0resund and the Great Belt. 
We must underline the similarities in origin, bathymetri, hydrography 
and the marine life between the Baltic and the Norwegian and Green­
landic fjords . The Baltic is simply the southernmost and the biggest of 
such fjords. In Danish waters warmer than 0resund e.g. the Isefjord 
(RASMUSSEN, in press), B. balanoides can be found in sheltered localities. 

Along the shores of Europe a shift in the exposure tolerance occurs. 
SouTHWARD & CRISP (1956) write that B. balanoides in the western part 
of the Channel, prefers estuarine areas, while Chathamalus stellatus, 
here near its northern limit, prefers exposed headlands. CRISP & 
SouTHWARD (1958) state : "In the western Bassin (of the Channel) 
B. balanoides thrives better and grows to a larger size in the estuaries 
and harbours than on the open coast. In the eastern part of the Channel 
it is dominant on the open coast, and in sheltered bays and harbours 
is replaced by Elminius modest us". This comment on growth is not in 
accordance with the general view that growth is better in an exposed 
site than in a sheltered site. 

The southernmost populations in Europe are found only in the rias 
and harbours of Northern Spain and Northern Portugal. Alternatively, 
the southernmost populations on the American Atlantic coast are found 
on exposed wrecks immediately north of Cap Hatteras, (WELLS, WELLS 
& GRAY 1960), who also note, that competition from other species is 
not involved in determining the southern limit. On the other hand, 
BARNES (1959b) writes: "at Sandy Hook, N.J. it is only common in 
the more protected situations". This sentence probably refers to 
B. balanoides. 

The distribution of B. balanoides has been used for may zoo­
geographical considerations; for a survey see MADSEN (1940) and 
BARNES (1957b). HUTCHINS (1947) brought the matter one step forward 
by making a scheme for the influence of temperature on the distribution 
of marine species. B. balanoides is used as an example of a species in 
which both the southern limit ( close to the 8° C winterisotherm) and the 
northern limit ( at the 4 ° C summerisotherm) depends on the possibilities 
of re-population and not on possibilities for survival. Hutchins discusses 
different possibilities for critical temperatures and trigger temperatures 
at different stages in the life history. The influence of the feeding season 
is also pointed out. 
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Many authors have commented upon the factors related to the 
distribution of B. balanoides, either simultaneous, consecutive or causal 
factors. Only some of the more important papers are mentioned here; 
others are mentioned later in this chapter. 

BARNES (1957b) showed the relation between the maximal retreat 
of the "pack ice" in the autumn and the northern limit. Apart from a 
criticism on t he vague conception "pack ice" such relations does not 
greatly expand our understanding of the ecology of B. balanoides. In 
PETERSEN (1962) evidence is given for the importance of the planktonic 
stage and the attachment stage for the northward distribution. 

The southern limit has caused some trouble. BARNES (1958a) 
believes that the southern limit on the American eastcoast is not 
determined by the 8° winterisotherm as postulated by HUTCHINS (1947). 
WELLS, WELLS & GRAY (1960) rejected BARNES' concept by finding 
B. balanoides several hundreds miles further south. Further arguments 
are found in BARNES (1961b). BARNES (1959a) gives a survey on 
important factors for the life history of B. balanoides, e.g.: spring 
diatom outburst, endogene processes, neurosecretory cells and a tem­
perature block to maturation at temperatures above about 10° C. 

As far as I know studies on the life-history of the southernmost 
populations are not being carried out, not even on the European coasts. 
Hence of great interest are the works of SouTHW ARD and CRISP from 
the Channel, published in a number of papers. SOUTHWARD & CRISP 
( 1956) could not adequately explain the distribution of Chathamalus 
stellatus and B. balanoides by the action of the physical environment 
on either one of these two species, but they suggest a dynamic concept 
with the two competing species in a state of equilibrium. Minor changes 
in the physical environment cause the boundaries to alter. It is sug­
gested that temperature may be the most important factor. In the 
papers of SouTHWARD (1957, 1958a) the direct influence of temperature 
on distribution is doubted, "Causal relationship between temperature 
and distribution must be sought in non-lethal terms" (SO UTHWARD 
1958a). 

As the value of laboratory experiments may often be overestimated 
and the value of field observations underestimated (SCHLIEPER 1962), 
the following quotation from CRISP & SouTHWARD (1958) is noteworthy: 
"It seems unlikely that experiments on the tolerances of animals to 
temperature extremes will be immediately relevant to understanding the 
effect of temperature in distribution". Of co urse, this statement is true 
for factors other than temperature. 

SouTHW ARD made an interesting survey on the distribution of the 
pelagic larvae of B. balanoides in the waters around the Scilly Isles and 
along Cornwall. No larvae were found ofT Scilly, where no adults are 
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present (CRISP & SOUTHWARD 1958). Before a conclusion on the influence 
of residual drift on distribution can be made control investigations are 
necessary at islands farther north, and in a relative position to a nearby 
continent similar to that of Scilly, e.g. some of the islands west and 
north of Scotland. At St. Kilda B. balanoides is common (GouLD, 
BAGENAL & CONNELL 1952). Plankton-investigations similar to those 
made in the Miramichi (BousFIELD 1955b) should be made in a southern 
estuary, e.g., Rade de Brest or a port in the northwestern part of the 
Iberian Peninsula. In Miramichi B. balanoides is found at the marine 
positions, in the rias of Spain it is found in the estuarine positions. In 
Miramichi the distribution of the different species of barnacles could 
partly be explained by the reaction of the pelagic larvae to the hydro­
graphic factors . It would be interesting to know the behaviour of the 
larvae in the rias of Spain. 

We must suppose the larvae to possess a perception-choice system 
which enables them to find their permanent sites. The output of this 
system might be altered by e.g. temperature and salinity, thus explaining 
the difference in exposure of the sites going from south to north. Con­
sidered from a phylogenetic point of view the adults of B. balanoides 
have such special demands that the species cannot "afford" to let mere 
chance govern the settling of the larvae. Moreover, B. balanoides belong 
to a group, Cirrepedia, the members of which often have very peculiar 
biotopes. 

Vertical dis tribution 

B. balanoides occurs almost exclusively in the tidal zone in a belt 
from L.W.M. to a line between M.W.M. and H.W.M. The belt is usually 
very sharply defined and can be related to the tide. On exposed localities 
the animals occur both higher up and lower down the shore (MooRE 
1935 c). Generally B. balanoides is considered to occur only above 
L.W.M. (DARWIN 1854, DONS 1945, ELLIS & WILCE 1962, PETERSEN 
1962), but some authors report the animal from greater depths 
(SCHAFER 1952, BouSFIELD 1954). BoUSFIELD (1955a) give a find from 
63 m depth. PouLSEN (1935) doubts a find from 35 m depth in Kattegat 
published by STEPHENSEN (1933); PouLSEN only found B. balanoides 
in samples from depths of not more than a couple of meters, and never 
in the hundreds of samples from greater depths he investigated. 
PYEFINCH (1948b) states: "Contrary to general experience these studies 
have shown, that this species can settle, metamorphose and grow on 
such surfaces, continually immersed, though settlement is probably less 
dense than on intertidal surfaces". 

A chapter on the vertical distribution of B. balanoides populations 
should also deal with the zonation problems, but as these are a little 

159 6 
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out of the scope of the present paper, and as they are excellently treated 
in the papers of SouTHWARD (1958b) and LEwrs (1961 and 1964) the 
reader is referred to these papers. 

The causal factors behind the vertical distribution are very dif­
ficult to grasp. Some of the more relevant mentioned in literature, will 
be cited here. 

RuNNSTROM (1925) noticed the influence of physical factors: 
" Balanus balanoides scheint eine bedeutend lii.ngere Austrochen zu ver­
tragen als Mytilus edulis. Dies ist scheinbar einer der Faktoren, welche 
es bedingen, class der Balanusgurtel in der Littoralregion hi:iher hinauf­
reicht als der Mytilusgurtel". The lethal desiccation in RuNNSTRi:iM 's 
experiments greatly exceeded conditions experienced by the natural 
populations. 

FEYLING-HANSSEN (1953) discusses the influence of the ice-foot on 
the B. balanoides populations. In Spitsbergen these populations never 
develop into the "white belt" found in Norwegian populations, as the 
animal occurs only in crevices. The species was not found below L.vV.M. 
FEYLING-HANSSEN concludes, that the ice-foot protects the animals and 
that ice-foot and drifting ice do not hurt B. balanoides, see also 
PETERSEN (1962) for similar results. 

BARNES & PowELL (1953) noted, that B. balanoides is an intertidal 
species, but that total submersion does not prevent growth and develop­
ment in experimental populations. 

BousFIELD (1955b) gives some valuable hints on the factors con­
trolling distribution. He noted that interspecific competition for space 
or food does not limit the distribution, and that B. balanoides has no 
serious predator in the Miramichi. He suggests predation by starfish 
explains the rarity of B. balanoides below L.W.M. Moreover, he states: 
"The foregoing observations on the ecology of adult barnacles show that 
suitable conditions for all three species (B. balanoides, imprOCJisus and 
crenatus) exist in the outer estuary and that differences in the distribu­
tion and abundance between the species must be the result of factors 
operating during the planktonic life history". 

BASSINDALE (1958) writes that the adult pattern of distribution of 
the adult animals is determined mainly by the selection and choice 
shown by the larvae, and that this pattern is modified to only a slight 
extent by differential mortality. 

CONNELL (1961b) gives some causes for zonation: "The upper limit 
of most intertidal animals are most probably determined by heat and/or 
desiccation, and not by competition and/or predation. The lower limit 
may be due to interspecific competition for space, predation or other 
biotic factors. Physical factors may act directly to determine this lower 
boundary". Similar arguments are given in CONNELL (1961 a); CONNELL 
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has given good reason for his view, hut he does not report mass-death 
among B. balanoides settled above the sharp upper limit of the adults, 
nor does he report a gradual scarcity among animals settled below 
L.W.M. and downwards to greater depths. Such observations would 
seem necessary in order to support his view. Of two of the most im­
portant predators of the european B. balanoides, Thais lapillus and 
Patella '-'ulgata (CONNELL 1961 a), Patella '-'ulgata does not occur in 
Greenland (THORSON 1941) and Thais lapillus is very rare, being present 
only in a small South Greenland fjord "Neritiksok" (MORCH 1857, Dr. 
PouL M. HANSEN, Greenland Fishery Investigations, personal com­
munication). These intertidal predators were not found in my material. 
The subtidal predators on barnacles Asterias rubens and Onchidoris fusca 
are present in Greenland. 

Development of embryos 

The duration of embryo development is often taken as the time 
from fertilisation to hatching, but should be divided into the real 
development period from fertilisation to the fully developed nauplius, 
and a period of diapause broken by hatching. 

The embryo-development has in particular been studied by CRISP 
and his co-authors. They have described different stages of the develop­
ment and given their duration. From CRISP (1959b) it can be deduced 
that in Southern England the period from fertilisation to hatching is 
about 120 days, and the period of development to nauplius is about 
96 days; thus the period of diapause is about 24 days. As CRISP's paper 
deals with field observations, raft-experiments and laboratory experi­
ments, this extract must of course be taken with some reservation. 
PATEL & CRISP (1961) give the period from fertilisation to hatching as 
up to 150 days in temperate latitudes, a remarkable period compared 
with that of other species by being longer than the intermoult period. 
CmsP (1964) showed by transplantation experiments that East American 
B. balanoides fertilize 1 ½ to 3 weeks earlier than the British ones and 
that their development was twice as fast as the British embryos; 
however, hatching occurred at the same time, in March, for both types. 
His conclusion on racial differences between East American and West 
European B. balanoides need the support of transplantation experiments 
inside the Western European populations, e.g. a comparison between ani­
mals from Northern Norway and Brittany using a standard technique. 

BARNES & BARNES (1959a) deal with the development of B. bala­
noides eggs. 

It is possible to give more or less precise estimates on the duration 
of the period from fertilisation to hatching from the many papers from 
different areas, and these are given in the following chapters. 

6* 
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Hatching 

Within the whole area of distribution of the species hatching occurs 
once a year, viz. in the spring, but with the variation that spring occurs 
at different times in the different localities. In Western Europe hatching 
occurs in the months of February to April, the southernmost populations 
being the earliest. In Spitsbergen hatching occurs in June-August and 
may in some years fail (FEYLING-HANSSEN 1953). At Woods Hole 
January is the month for maximum hatching (FISH 1925 ). At St. 
Andrews it is in March-April and at Miramichi in April-May (BousFIELD 
1954). 

A number of papers treat the factors that may induce the hatching 
and how this occurs. 

CRISP (1956) showed that a heat-stable, nonspecific substance in 
aqueous body-extract promotes the breakdown of the sticky secretion 
into which the fertilised eggs lie as the eggmasses. The hatching was also 
dependent on food-uptake. 

In BARNES (1957 a, 1962a) and in BARNES & BARNES (1959e) the 
spring diatom outburst is related to hatching, and hatching substances 
are studied. 

CRISP & SPENCER (1958) investigated thoroughly the qualities of 
the hatching substance found in the tissue of the barnacles. 

CRISP (1962a) found that the adults secrete the hatching factor 
when feeding actively in the spring, thus synchronising hatching with 
spring diatom outburst. East American B. balanoides transplanted to 
England fertilise earlier, develop embryos faster but withhold the release 
of nauplii until the march diatom outburst and hatch at the same time 
as the English ones. In Eastern America the diatom outburst occurs in 
mid-winter. 

Many authors have observed that hatching occurs earlier at the 
higher levels (e.g. MooRE 1935b). 

Concerning the actual process of hatchings, BARNES (1955a) con­
cludes, that the mechanical activity of the larvae bursts the egg capsule. 
CmsP & CosTLow (1963) observed that the embryos swell about 30¾ 
of their volume during the process of hatching. 

Larval Life 

The duration of the larval stage can be measured from serial 
samples either by studying the sessile population, viz. the progress of 
the hatching and the progress of the settlement, or by studying the 
planktonic stages, viz . the occurrence of the first naupliar stage and of 
the cypris stage. 
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According to FISH (1925) the duration of the larval stage at Woods 
Hole can be estimated at 55-60 days, in the months of January and March 
at surface temperatures from -1.5 to 3° C. At St. Andrews and Halifax the 
duration is 5-6 weeks, and at Miramichi 4-5 weeks (BouSFIELD 1954). 

PYEFINCH (1948b) found the duration to be about 4 weeks at Mill­
port, with hatching in the beginning of March and settling in the 
beginning of April. By studying serial planktonic samples he also found 
the duration of the individual stages and discovered that several broods 
occurred during the season. BARNES (1956b) also gives the duration as 
4 weeks at Millport, and BARNES (1953b) found several broods on the 
larval population. His conclusion on the adult populations being dis­
continually separated along the vertical seems difficult to accept, a 
continual gradient being more likely along that axis. The discontinuity 
may exist between different areas along the shore, viz. along the 
horizontal axis. The heterogenity of the larval population may be 
superimposed on larvae from a continually breeding adult population 
by currents varying in direction and speed, or by a breeding synchronized 
to the moon phases. 

CRISP (1962b) gives the duration of the larval stage in Southwest 
Britain from February/March to April/May, in Northeast Britain from 
March/April to May/June and at Bear Island from February/March to 
perhaps May/June. In the Arktis the larvae are greater than in England. 

Tables on the duration of the larval stage in different areas are 
found in BousFIELD (1955b) and in BARNES & BARNES (1958a). The 
last named authors claim that the estimate on the duration of the larval 
life is the same whether they use the first appearance or the peak values 
of the larval stages in the samples. 

Little has been studied on the ecology of the planktonic stages 
compared with the immense amount of work on the settled or settling 
stages. BARNES ( 1953 a) found that the larvae could endure a lowering 
in salinity to 15°1o0 without harm and gives further information on the 
tolerance of the larvae to low salinities. BousFIELD (1955b) and 
BousFIELD & LEIM (1959) give a discussion on the importance of the 
larval stage for the penetration of the species into an estuarium. MOYSE 
(1963) showed by laboratory experiments, that B. balanoides larvae 
could be reared successfully on diatoms, but not on flagellates. Tropical 
barnacle larvae gave the opposite result. This indicates the importance 
of food for the distribution of the species. 

Settling 

The cypris settle in March-April at St. Malo (HATTON & FISCHER­
PIETTE 1932, HATTON 1938), in April-May in Britain (ELMHIRST 1923, 
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MooRE 1935b, c, CORLETT 1948), in April at Bergen (RuNNSTROM 1925) 
and in the latter part of April on the Swedish westcoast (BLOM & 
NYHOLM 1961). At Spitsbergen settling occurs late in July and early in 
August, but it can fail (FEYLING-HANSSEN 1953). Along the West 
Atlantic coast settling occurs from middle of February to about first of 
April at Woods Hole (FISH 1925, GRAVE 1933), at St. Andrews and 
Miramichi from the middle of April to the first part of June (BouSFIELD 
1954). 

The cypris are not forced to settle at a random place when the 
pelagic development is completed. The active selection of site performed 
by the larvae is well described by ELM HIRST (1923): "The cypris stage 
settle in April and May, particularly within neap tidal range. When 
settling shelter (of possibly moisture) is sought. The presence of fresh­
water seems to be avoided. Spat settles in rock pools especially at the 
edges but avoids apparently excellent sites which are continually sub­
merged. Rockpool conditions are unsuitable and very few survive". 

The description of PYEFINCH (1948b) likewise agree with my ob­
servations from Greenland, he writes: "Settling is usually confined to 
cracks, crevises and other irregularities of the surface, though, if the 
supply of settling stages is maintained, this distinction later disappear". 

The reactions of the cypris have been the subject of many studies. 
Light appears to be a major factor for the behaviour of many marine 
larvae (THORSON 1964). RuNNSTROM (1925) investigated the photo­
tropism of the larvae. They were normally positive phototrope, but 
could change to negative, partly depending on temperature. He also 
noted the importance of adequate surfaces. BARNES, CRISP & PowELL 
(1951) showed that the cypris settle with the front against the light, 
but the orientation to cracks, grooves etc. is more marked. Cypris prefer 
shaded positions to well-illuminated positions. As light orientation gives 
no advantage to the adults the authors explain it as a vestige of the light 
reactions in the pelagic stage. The "shading reaction" is supposed to be 
of little survival value for the species. In a continued study BARNES 
& PowELL (1953) suggest that settlement is the result of two opposing 
factors, viz. gain from a thin waterfilm, when the tide crosses the panel, 
and due to desiccation exposure to air. These panel observation were 
not verified by observations on natural populations. 

CRISP (1955) found by laboratory tests the current speeds by 
which the cypris settle. This has a very limited value for explaining 
zonation as current speed over the different surfaces in the tidal zone 
during the settling period varies so much that settling might occur 
everywhere, had current speed been the only factor. CRISP & KNIGHT­
J ONES (1953) noted that cypris could release their hold and withdraw 
their attennules if exposed to air whilst crawling. 
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The texture of the surfaces is important for settling, as noted in 
many papers. SCHAFER (1952) observed that the B. balanoides settle 
reluctantly on chalk, both limestone and shells of Littorina and Mytilus. 
In PETERSEN (1962) is described a similar case. CRISP & BARNES (1954) 
concluded from many experiments, that the cypris of B. balanoides is 
rugophilic and that they orientate their axis along that of the grove. 
Rugotropism is stronger than phototropism. Rugotropism is further 
treated in BARNES (1956a and 1956c). 

The importance of a protein for gregariousness during settling was 
shown by KNIGHT-JONES (1953a), and in KNIGHT-JONES & MOYSE 
(1961) further examples on both the gregarious response and the spacing­
out response is given. 

The very careful investigations of CRISP & MEADOWS (1962) lead 
to the result that arthropodin on a solid surface, and not in a solution, 
induces settling. Arthropodin of their own species being the most 
attractive. 

Other factors not yet fully investigated are important for settling. 
Thus CRISP & BARNES (1954) noted: "The first larvae take the best 
sites, later larvae may undergo a lowering of treshold of the settling 
reaction". Additionally, CORNELL (1961 a) writes, that cessation of 
settlement was not due to an inadequate supply of larvae and that the 
rate of settlement would be proportional to the numbers already at­
tached, if we suppose gregariousness to be the only settling factor. 

CRISP (1961) showed experimentally that the later settlers tend to 
maintain a distance of about 2 mm from the earlier ones. The territorial 
separation is reduced but not eliminated as the population density rises. 
Though strongly attracted to pits cypris avoid pits containing previously 
settled individuals. 

The anatomical alterations during metamorphosis from cypris to 
settled animal is described by WALLEY (1964), and the importance of 
phagocytotic cells for this process is demonstrated. 

Density 

Informations on the number of animals per surface unity are given 
in many papers or could be calculated from the data published. Informa­
tions on the size and age of the animals and on the quality of the shore 
seem necessary to make the informations on density useful , but as these 
are difficult to obtain from the literature simultaneously with the density, 
it has not been considered worth while to include information on density. 
Moreover, with problems like the settling behaviour and the hummock­
formation in mind, mere information on density would be difficult to 
utilize at our present stage of knowledge. 
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Mortality 

It is rather easy to study the mortality of a sessile animal like the 
adult B. balanoides, both by panel experiments or by observing natural 
populations, using techniques such as photographing, marking, mapping. 
Many different populations have been studied under different circum­
stances and during varying lengths of time, which taken together, make 
a comparison of data on mortality from different papers a doubtful task. 

The causes of death might be easy to demonstrate, but are often 
unknown. Age, competition, predation, parasitism, starvation are bio­
logical factors that can cause death. Physical-chemical factors like 
extremes in the environment are mentioned in the passages on distribu­
tion, page 80- 83. The more important predators recorded by several 
authors are Thais lapillus, Patella rmlgata and Asterias rubens. BARNES 
& PowELL (1954) observed Onchidoris fusca eat B. balanoides and 
B. crenatus. In Godhavn I saw Onchidoris eat B. crenatus but never 
B. balanoides, which lives above L.W.M. Littorina species have been 
recorded as predators on B. balanoides (e.g. ELMHIRST 1923, FEYLING­
HANSSEN 1953), but the observations are presumably a misinterpretation 
of the hiding reaction of the Littorina in empty barnacle shells. 

The influence of the important predators are mentioned by e.g. 
FISCHER-PIETTE (1935), BouSFIELD (1954), CONNELL (1961 a &b), BAR NES 
& BARNES 1962 a). Predation by Asterias is considered important for 
determining the lower limit. Thais, preferring the larger animals, should 
have an effect on the age structure of the population. Patella seems to 
prefer the smaller barnacles. 

Relation between mortality and density is studied in HATTON (1938). 
In the southern populations of B. balanoides the parasite H emio­

niscus balani is found, but not in the northern ones. The effect of this 
parasitism on mortality is not known. 

Growth 

The problem of growth has many aspects , including of course the 
size of the animals obtained during certain periods, the alterations in 
the course of time in shape, in metabolism, and in behaviour et cetera. 
All these conditions must be related to each other and to the sur­
roundings. In this passage only the papers on the growth of the sessile 
animals will be treated, but as these papers are widely separated both 
in time, methods and place, they hardly provide a satisfying synthesis. 
The most important information on size and age of B. balanoides is given 
in Table 10. Some information on size and age was given by DARWIN 
(1854) . 
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Many methods have been used to measure size and age, and many 
methods have been used to demonstrate the growth results; the easiest 
of these might be the common growth curve, with length plotted against 
time. This is used in e.g. HATTON (1938), RuNNSTR0M (1925), FEYLING­
HANSSEN (1953). 

The word growth rate is used in different ways. Moo RE ( 1934 a) 
defines growth rate as the average percentage increase in volume per 
ten days. He found, with certain modifications, the best growth and 
the longest life span on the higher levels, while HATTON & FISCHER­
PIETTE (1932) found these two features on the lower levels. BARNES & 
POWELL (1953) give the basal length at the end of the first 2 or 3 seasons 
for animals at different levels. They calculate "mean specific growth 
rate" as the increase in length per unit length per day x 100. The growth 
was better on panels than in natural populations, and better on sub­
merged panels than on panels in the tidal zone. However, CRISP & 
PATEL (1960) state that it is beneficial for the barnacles to be out of 
water for about 8 hours each day. 

CRISP (1960) uses both weight and rostro-carinal length as size 
measures. He speaks both of mean rate of growth and of growth-rate. 
Moreover he criticizes the "specific growth rate" used by BARNES & 
PowELL (1953). CRISP's considerations on the growth-curves is reminis­
cent of the more thorough considerations of BEvERTON & HoLT (1958). 
CRISP states that growth especially depends on food supply and he 
explains the sigmoid growth curve, common for many animals, by con­
ditions specific for the barnacles. 

CONNELL (1961 a) uses "mean specific growth rate" equal to increase 
in length per unit length per day x 100, and "absolute growth rate" 
equal to increase in length per day x 100 and compares these measure­
ments from different areas. He suggests that Thais' selection of large 
sized barnacles may explain the conflict in the literature concerning the 
growth rate of B. balanoides at different shore levels. 

From observations made on a short trip with short visits to many 
localities BARNES & BARNES (1962a) attempt some data on growth in 
Swedish, Danish and German waters. 

Factors influencing growth have been commented upon in BARNES 
(1952-53, 1959c, 1961a, 1963a). DARWIN (1854) wrote of B.balanoides 
"when left uncovered by water they kept the orifice of their operculums 
a little open, with a buble of air within their sacs, so that the orifice 
was in fact closed by a thin septum of water, with air beneath. When 
disturbed, they closed their operculums with force and expelled the 
buble of air with a clicking noise" . DARWIN also noticed , that B. bala­
noides was very sensitive to shadows. Observations on the airbuble by 
DARWIN (1854) is renewed by BARNES & BARNES (1957, 1958b). 



90 G. H 0PNER PETERSE:\ XII 

BEVERTON & HoLT (1959) write: "Analysis of growth rates within 
populations of the same or closely related species living in different 
areas suggest that two factors account for most of the variation found: 
food and temperature. The asymptotic size is greatly modified by the 
supply of food available, but this does not affect the parameter K. 
Difference in environmental temperature, however, affect both K and 
Loo ; thus with an increase in water temperature K increases roughly 
proportionally with the logarithm of temperature and Loo decreases, but 
to a lesser extent". 

Behaviour that may be important for the growth processes is 
studied in the case of the cirral beat by e.g. SouTHWARD (1955a, b), 
and by CRISP & SouTHWARD (1961), and in the case of the moulting 
cycle by CRISP & PATEL (1960). 

Some investigations on growth, metabolism, size and other factors 
are described in three papers by BARNES & BARNES (1959a,b, c) . In 
BARNES, BARNES & FINLAYSON (1963 a, b) , measurements based on 
the respiration of animals dissected from their shells and ovary are 
published. 

Gonad development and fertilisation 

The time available for the gonads to reach maturity varies greatly 
within the distribution area of the species. It is common to give this 
period the duration from hatching to fertilization, which at the southern 
limit is approximately from February to December and at the northern 
limit approximately from June to August. The progress of the gonad 
development, which is important to know for estimating the factors 
synchronizing fertilisation, can be studied either by serial sampling 
during the season (e.g. PYEFINCH 1948b) or by watching the gonads 
through a glass plate (e.g. CRISP & PATEL 1961). The latter method 
has the drawback that B. balanoides avoids settling on glass surfaces. 

The factors governing gonad development are not only global in 
character, but also local. The description of MooRE (1935c) covers most 
of the collective findings: "At all the levels the ovaries develop and 
mature considerably earlier than the testes and are in fact well devel­
oped while the barnacle is still carrying in its mantle cavity the larvae 
of the previous brood". (Note: In Greenland animals with both 
naupliae and developed ovary are rare). Moore continues: "The barna­
cles from the highest level on the shore being the most advanced and 
shedding t heir genital products first " . - - - "At Port Erin and Bradda 
the first year barnacles do not develop gonads on the shore above half 
tide level. Below this point maturation occurs in the first year, and 
development follows much the same course as it does in the second 
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year at higher levels, except for being slightly slower in the earlier 
stages." 

The close syncronization to the seasons peculiar to B. balanoides 
(PATEL & CRISP 1961) must depend primarily on external factors. 
CRISP (1959a) and CRISP & CLEGG (1960) mention that the following 
are important for the synchronization: the slowing down of metabolism, 
diminishing amount of light received, food supply and environmental 
factors acting over a long period. Temperature alone does not determine 
onset of fertilization. 

BousFIELD (1954) notes that at St. Andrews, copulation starts in 
October when the daily air minimum drops to freezing point of water 
(about - 2°C). BARNES (1963b) showed that a constant illumination 
inhibits breeding and that there is a critical temperature above which 
breeding will not take place. 

CRISP (1957 a) was able to accelerate the gonad development in the 
laboratory by keeping B . balanoides at low temperatures during summer. 

Copulation has been observed by several authors. WALLEY (1965) 
describes the process of oviposition and the materials holding the eggs 
together. BARNES & BARNES (1956a) also give information on this 
subject. 



DANSK RESUME 

Pa et kursus i naturhistorie for lrerere ved det gronlandske skole­
vresen afholdt i august 1958 pa Arktisk Station, Godhavn, blev det 
besluttet at gennemfore en undersogelse af de gronlandske tidevands­
zonedyrs okologi. De frivillige deltagere indsamlede med 2-3 ugers 
mellemrum, for sa vidt forholdene tillod det, gennem en sreson pa en 
begrrenset lokalitet en prove af alle dyr placeret ved midtvandsmrerket 
i tidevandszonen. Alle proverne sendtes til Arktisk Station til op­
arbejdelse. Den vigtigste af de fundne arter, Balanus balanoides, er 
behandlet i nrervrerende arbejde. 

Der er givet en kort redegorelse for Gronlands geografiske placering 
srerlig i for hold til de tre oceanstromme: 0stgr0nlandsstr0mmen, Vest­
gr0nlandsstr0mmen og den canadiske Polarstr0m, og disse str0mmes 
betydning for de enkelte lokaliteter (se fig. 1). Udfra de enkelte delta­
geres originalbeskrivelser er lokaliteterne beskrevet, og de opfylder de 
pa forhand stillede betingelser, nemlig at de ikke matte vrere udsat for 
ferskvand, forurening eller voldsom brrending i st0rre stil. 

Fra mange forskellige kilder er indsamlet oplysninger om havets 
overfladetemperaturer og luftens maximums- og minimumstemperatu­
rer. De daglige vrerdier er sa vidt muligt givet, idet feltobservationer 
tydede pa, at extreme temperaturer havde betydning for dyrene, i hvert 
fald for littorinerne. 

Der er tegnet en sumfunktion over "varmesummen" beregnet ud 
fra - 1 °C som biologisk nulpunkt, en metode der ma tages med for­
behold og som ma ses i sammenhamg med stofskifteprocesserne og 
aldersproblemet. 

Det vises, at lrengden af scutum er det bedste st0rrelsesmal for 
B. balanoides. Y dermere kan scutum give gode oplysninger om vreksten 
pa grund af de veldefinerede vrekstringe pa de fleste scutae. De knrekkede 
scutae er basis for en hypotese om, at fugle hakker balaner ud af skal­
lerne, men at nogle overlever angrebet. Dette blev dog aldrig direkte 
iagttaget. 

Studier over k0nsorganerne samt forekomsten af nauplier og cypris 
i pr0verne har resulteret i sk0n over stadierne i den sexuelle cyclus. 
De vigtigste resultater er givet i fig. 33 samt pa temperaturkurverne 
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fig. 3-8, hvor sammenhamgen mellem den arlige temperaturvariation og 
k0nscyclus vises. Den arlige k0nscyclus' afhamgighed af andre faktorer, 
som forarsopblomstringen af diatomer, fodeforhold, daglamgde og betyd­
ningen af kemiske externe og interne processer, diskuteres. 

Den tid, larverne tilbringer pelagisk, synes helt uafhamgig af tem­
peraturforholdene, men afhamger formentlig af fodeforholdene. 

Selv nrer nordgrrensen synes voksne dyr at kunne gennemfore ud­
vikling af gonader og befrugtning i den korte sreson, medens der ikke 
levnes tid til larveudviklingen. Ligeledes synes klrekningsprocessen at 
blive hindret, formentlig pa grund af manglende klrekningsfaktorer. 

Bade feltobservationer og st0rrelsesfordelingen af O.-gr. dyrene og 
af 1. vinterring (bimodal i Nordgr0nland, monodal i Sydgr0nland) af­
fodte en hypotese om to bundfreldninger i Nordgr0nland, den forste 
fra Jarver transporteret nord pa med Vestgr0nlandsstr0mmen og den 
anden fra den lokale larvepopulation. En betydelig transport nordefter 
matte ud fra publicerede hydrografiske observationer forventes . Udbre­
delsen af "Vestisen" ( den canadiske Polarstr0m) om vinteren langs 
nordvestkysten og syd pa til Holsteinsborg kan forklare en diskonti­
nuitet i forholdene langs kysten om foraret. 

Vreksten af O.-gr. dyrene demonstreres ud fra deres st0rrelses­
fordeling i de periodiske pr0ver. Det understreges, at disse pr0ver ikke 
reprresenterer samme population af O.-gr. dyr blot til forskellig tid, idet 
forholdet mellem de enkelte st0rrelsesgrupper af O.-gr. dyr rendres ikke 
alene af hvert enkelt dyrs almindelige tilvrekst i l0bet af sresonen, men 
ogsa af rendringer i bundfreldningens intensitet, af forskellig d0delighed 
og af rendringer i dyrenes vrekstprocesser med stigende st0rrelse. 
Vrekstkurverne i fig. 45 sammenligner vreksten pa de forskellige lokali­
teter for et dyr, der trenkes bundfreldet pa tidspunktet for maximal 
bundfreldning og med en vrekst gennemsnitlig for den stedlige population. 
Disse vrekstkurver har ingen rimelig relation hverken til temperatur­
forholdene, reprresenteret ved "varmesummen", eller til fodeforholdene, 
reprresenteret ved primrerproduktionen. Det sluttes derfor, at vreksten 
afhrenger af dyrenes egen evne til at fange og ford0je foden, hvilket kan 
forklares at vrere uafhrengig af temperaturforholdene og fodemrengden 
inden for vide grrenser. 

Vreksten af de reldre dyr kan males bade ud fra vinterringene og 
ud fra tilvreksten i l0bet af den unders0gte sreson. Det viste sig, at jo 
reldre dyrene var, jo mindre var deres forste vinterring, hvilket svarer 
til Rosa Lee's frenomen, velkendt fra fiskepopulationer. Dette kan her for­
mentlig forklares ved en st0rre d0delighed hos store og hurtigtvoksende 
dyr. En sk0nnet vrekstkurve for lrengde-alder relationen er tegnet sa­
ledes, at den giver vreksten for et dyr med en begyndelseslrengde svarende 
til gennemsnittet for de yngre dyr og med en tilvrekst svarende til 
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den tilvrekst, de reldre dyr har haft. Disse kurver er sammenlignet pa 
fig. 65 og 66. Resultaterne for de forskellige niveauer ved Godhavn er 
let forstaelige, idet de lavest siddende dyr i tidevandszonen vokser 
hurtigst. Men de reldste dyr findes pa de h0jeste niveauer. Derimod er 
tendensen i resultaterne fra de forskellige geografiske lokaliteter mere 
uklar. Tilsyneladende er vreksten st0rst ved de mest arktisk prregede 
lokaliteter. V reksten ved de to stationer: Augpilagtoq og Angmagssalik 
nrer nordgrrenserne pa henholdsvis vest- og 0stkysten er ikke ringe. 
Vrekstkurverne er bearbejdet efter metoder beskrevet i BEVERTON og 
HoLT (1957) og RICKER (1958) med henblik pa en senere sammenlig­
ning med andre arter. Resultaterne er givet i tabel 9. Det ses blandt 
andet, at pa de mest arktisk prregede lokaliteter bliver dyrene bade 
store og gamle, medens for dyr pa samme lokalitet (Godhavn) findes de 
reldste pa de h0jeste niveauer og de st0rste pa de laveste niveauer. 
Resultaterne forstyrres dog af den kendsgerning, at ved nordgrrensen 
(Augpilagtoq) fandtes arten kun ved lavvandsmrerket. 

Tabel 10 giver en sammenligning mellem de lokaliteter i det nord­
atlantiske omrade, hvorfra der foreligger en tilstrrekkelig stor mrengde 
oplysninger om B. balanoides. Tendensen i rendringerne af alderssam­
mensretningen og vrekstforhold, som kan udledes for lokaliteter uden 
for Gr0nland, svarer til de netop beskrevne for lokaliteterne inden for 
Gr0nland, naturligvis med mange modifikationer. 

Ud fra de 5 unders0gelser over B. balanoides, som er foretaget i 
distrikterne nord for Disko Bugt, er det vist i tabel 11, hvorledes fore­
komsten af arten i disse distrikter svinger. Dette er sat i relation til 
temperaturforholdene i 8 ar forud for de pagreldende unders0gelser. 
Nordgrrensen for B. balanoides vii formentlig i kuldeperioder ligge ved 
Vaigat og i varmeperioder ved U pernaviks Isstr0m. Fortsatte studier 
over svingninger i artens nordgrrense vii formentlig kunne st0tte under­
s0gelser over svingninger i klimaforholdene og Vestgr0nlandsstr0mmens 
udbredelse, forhold der er af stor betydning for den menneskelige 
population og de kommercielle fangstdyr i Vestgr0nland. 

En yderligere gennemgang af litteraturen om B. balanoides er givet 
i det sidste kapitel. 
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TABLES 

Table 1. Augpilagtoq 9.8.1960. n = 35 

Animals with a small 1st winter ring 

n gr. winter ring 
1. 2. 3. 4. 5. 6. 7. 

0 ....... . ..... (-) 
t,_ I ....... .... .. 1.34 (3.40) 

15 II ......... . .. 1.24 3.55 (5.03) 
? III .... . .. .. .. 1.62 4.52 5.76 (6.82) 
0 IV .... ....... 
1 V •••• • ••• • ••• 0.80 2.30 4.20 5.10 6.40 (7.11 ) 
1 VI ........... 1.90 3.99 5.11 6.02 6.51 ?.20 (HO) 

28 
estimated length- age: 1.60 4.00 5.50 6.50 7.25 7.65 7.95 

) : estimated length obtained at the end of the season 1960. 

Animals with large 1st winter ring 

n gr. winter ring 
1. 2. 3. 4. 

2 0 . .. . . . .. ..... (2.50) 
1 I. . . .. . .. . .... 2.70 (4.63 ) 
1 II ........ . ... 2.90 4.61 (5.42) 
1 III ..... . ..... 3.75 7 .O'l 8.20 (8.40) 
2 IV ... ... ..... 2.85 5.10 6.50 ?.60 (8.54) 

7 
not used for growth computations. 

Tables 1- 8. 

The tables give the average length of winter rings for each age-group , and the 
estimated length at the end of the season (in brackets). 

The first column gives the number of animals in each age-group. The last row 
gives the length at the end of each season of the animal's life , estimated from the 
columns above. Animals on which age-determination or length of rings were un­
certain are not included in these tables . 

A Fortran-programme for IBM computers was written for the calculations 
of these tables with the kind help af " I/S Datacentralen af 1959", Copenhagen. 
This programme also gave the standard-deviations, but owing to problems with 
the bimodal composition of the northern populations, the present calculations are 
made with an ordinary desk calculation-machine. 
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Table 2. Umanak 1962. n = 71 

n gr. winter ring 
1. 2. 3. 4. 5. 6. 7. 8. 

0 ... . . . .. .. ... 
2 I. ... . . .. . . .. . 1.00 
0 II .... ... . . . . . 
4 III .. .. ... .. .. 1.75 3.75 4.75 

tt. IV . . . . . . . . . . . 1. 75 3.32 4.21 4.82 
21 V ...... .. .... 1.72 3.05 3.85 4.82 5.37 
20 VI . . . . . . . . . . . 1.49 2.65 3.43 4.10 4.68 5.00 

8 VII . ... . .. . .. 1. 25 2.88 3.50 4.06 4.69 5.00 5.38 
2 VIII ......... '1.25 2.25 3.25 4.00 4.75 5.00 5.25 5.50 

?1 
estimated length- age: 1. 70 3.35 4.35 5.00 5.45 6.00 6.15 

Table 3. Godhavn H.W.M. 1959. n = 610 

Animals with a small 1st winter ring 

n gr. winter ring 
1. 2. 3. 4. 5. 6. 7. 8. 9. 

0 .... . ..... . .. (1.80) 
16 I. ............ 1.31 (3.50 ) 

117 II . . ..... .... . 1.55 3.82 (4.90) 
57 III .. . ........ 1.48 3.30 4.41 (5 .00) 

141 IV . . ......... 1.18 2.88 4.29 5.09 
88 V ............ 1.46 3.08 4.08 4.82 5.35 
87 VI . . . . . . . . . . . 1.18 2.78 3.99 4.51 5.08 5.52 
22 VII . . . . . . . . . . 1.38 3.04 4.11 4.76 5.24 5.57 5.80 
15 VIII .. .. . . . . . 1.35 2.98 3.95 t..52 4.88 5.25 5.55 5.75 

4 IX . . .. ... .... 1.25 3.25 4.25 4..88 5.38 5.63 6.00 6.25 6.38 

547 
estimated length-age: 1.50 3.50 4. .65 5.35 5.75 6.05 6.25 6.35 5.40 

): estimated length obtained during the season 1959 

Animals with large 1st winter ring 

n gr . winter ring 
1. 2. 3. 4. 5. 6. 7. 8. 

37 I. ... . .. ...... 3.06 (4.50) 
11 II . .. .... .... 2.58 4.12 (5.00 ) 
15 III .. . .... .. . . 2.42 3.95 4.88 

63 
estimated length-age: 3.00 4.50 5.40 
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Table 4. Godhavn M.W.M. 1959. n = 703 

Animals with a small 1st winter ring 
n gr. winter ring 

1. 2. 3. 4. 5. 

0 . ... . .. ...... (2.00) 
111 I. ... . ...... 1.81 (4.'iO ) 
241 II . ........... 1.?9 4.54 (5.70) 
170 III ........... 1.49 4.56 5.65 (6.5 0) 

66 IV ... . ....... 1.61 3.81 5.02 5.59 
20 V .. ... ... .. .. 1.63 3.35 4.64 5.61 6.18 

608 
estimated length-age: 1.90 4.00 5.25 6.00 6.50 

( ) : estimated length at the end of the season 1959 

n gr. 

34 I. ............ 
45 II .. ......... . 
13 III . ...... . .. . 

3 IV . ... . . ..... 

95 
estimated length-age: 

Animals with a large 1st winter ring 
winter ring 

1. 2. 3. 4. 

3.66 (5.20) 
3.45 5.18 (6.00 ) 
3.63 5.43 6.16 
3.03 4.75 6.00 6.40 

3.50 5.40 6.45 6.95 

Table 5. Godhavn L.W.M. 1959. n = 412 

n gr. 

0 .. . . ..... . . .. 
84 I. ........... . 

110 II ............ 
89 III ....... .. .. 
34 IV .. . . .. .. ... 
12 V ••• ••• • • •••• 

5 VI ...... ..... 

335 
estimated length-age: 

n gr. 

41 I. . ........... 
22 II .... . ... .... 
12 III ........ . .. 

2 IV . .... ...... 

77 
estimated length-age : 

Animals with a small 1st winter ring 
winter ring 

1. 2. 3. 4. 5. 6. 

(2.10) 
1.92 (4.80) 
1.81 4.59 (5 .80 ) 
1.64 4.75 5.80 (6.50 ) 
1. 30 4.36 5.75 6.35 
1.69 3.89 5.21 5.94 6.50 
2.09 4.43 5.31 6.08 6.92 7.20 

2.00 4.50 5.80 6.50 7.00 7.30 
( ) : estimated length obtained during· the season 

Animals with a large winter ring 
winter ring 

1. 2. 3. 4. 5. 

3.90 (6. 00 ) 
4.24 5.37 (6.20) 
3.82 5.55 6.15 
2.89 4.79 6.40 6.98 

3.90 5.50 6.60 7.10 

1959 

109 
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Table 6. Sukkertoppen 1959. n = 882 

n gr. winter ring 
1. 2. 3. 4. 5. 

0 ............. (2.90) 
768 I ............. 2.47 (4.20) 

50 II ....... .. . .. 2.45 3.55 
52 III ..... . .. ... 2.48 3.92 4.78 

7 IV ....... . . .. 2.19 3.30 4.25 4.86 
5 V ...... ..... . 2.2 7 3.44 4.39 5.11 5.57 

882 
estimated length-age: 2.50 3.80 4.70 5.30 5.75 

Table 7. Godthab 1959. n = 746 

n gr. winter ring 
1. 2. 3. 4. 5. 

0 .. ........ ... (2.90) 
303 I .......... ... 2.46 (4.20) 
319 II ............ 2.41 3.83 (5. 10) 

98 III . ...... . ... 2.06 3.44 4. 76 (5 .60) 
24 IV ........... 2.15 3.45 4.51 5.18 

2 V .. ...... .... 2.05 3.10 3.58 3.67 3.99 

746 
estimated length-age: 2.40 3.80 4.75 5.30 5.70 
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Table 8. Arsuk 1959. n = 478 

n gr. winter ring 
1. 2. 3. 4. 5. 6. 7. 

0 ..... . .... . .. (3.10) 
314 I. . . ..... . .... 3.42 (5.00) 
104 II .... . .. . .... 2.61 4.21 (5.50) 

25 III ... .. . .. . .. 2.61 4.35 5.36 (6.50) 
20 IV ... . .. . .... 2.03 3.65 4.34 5.23 

6 V •••••• • • •••• 2.42 3.83 4.67 5.50 5. 83 
7 VI ..... ' ..... 1.75 3.25 4.18 4.89 5.25 5.68 
2 VII. ... . .. .. . 1.75 3.25 4.50 5.00 5.50 6.00 6.25 

478 
estimated length- age: 3.00 4.40 5.35 6.00 6.45 6.80 7.05 

Table 9. The Growth-Parametres for the I ndividual Populations 

Locality 

Augpilagtoq, small 1st ring .... . .. . . 
Umanak .... ..................... . 
Godhavn H .W.M. small 1st ring 
Godhavn M.W.M. small 1st ring 
Godhavn L.W.M. small 1st ring 
Godhavn H.W.M. large 1st ring 
Godhavn M.W.M. large 1st ring 
Godhavn L.W.M. large 1st ring .. . . . 
Sukkertoppen .... . .... ... .. .. ... . . 
Godthab ... .. .... .... .. ... . ... ... . 
Arsuk .. ... .. ....... ... .... ...... . 
Angmagssalik .. .. ..... . .... .. ..... . 

L oomm 

8.50 
6.40 
6.50 
7.30 
7.80 
6.75 
?.60 
8.00 
6.50 
6.50 
7 .60 
7.90 

K 

0.42 
0.41 
0.50 
0.4 7 
0.47 
0.53 
0.61 
0.47 
0.40 
0.41 
0.36 

? 

- 1.05 
- 1.15 
- 0.55 
- 0.50 
- 0.65 
- 1.15 
- 1.00 
- 1.25 
- 1.15 
- 1.00 
- 1.40 

? 

Truax 

6 
8 
9 

5 
6 
5 
4 

4 
5 
5 
7 

10-12 
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Table 10. Life history of B. balanoides 

I 

Period of maxunum Fertile Duration Length at the 

fi rst of larval end of the 
Locality sum- stage 

Hatching Settling I Fertilization 
mer? days 1st 

I 
2nd 

I 
year year 

I 
Augpilagtoq . .... . I no 3.0 9.5 
Umanak . ... . . .. . June-July August Aug.-Sept. no 8.3 7.9 

H.W.M. small ... . June-July Aug.-Sept. September no 

I 
2.8 8.3 

M.W.M. - .... May-June Aug. -Sept. September no 3.9 9.5 
L.W.M. - . . .. May Aug. -Sept . September no 4.2 10.8 

j 
90 

H.W.M. great .. . . no 7.0 10.8 
M.W.M. - .... no 8.3 13.5 
L.W.M. - .... no 9.2 13.7 

Sukkertoppen .... April J une October no 65 5.5 9.0 
Godthab .. ....... April-May J une October no 71 5.3 9.0 
Arsuk ... ... .... . April June Sept. -Oct .. no 76 7.0 10.5 
Angmagssalik ..... June-July September no 

Svalbard .... . .. . . June-August July-Aug. September ? no 2.5 
I Norge ... ...... . . )farch-May 3.0- 9.0 
I 

Herdla . ..... ..... March April November no 35- 50 7.0 9.5 

upper .... March April Autumn yes 9.0 18 
Millport middle ... March April Autumn 21- 35 12.0 I 20 yes 

lower .. . . March April Aut umn yes 
I 

15.0 21.5 
total submerged .. March April Autumn yes 

I 
17.5 I 26 

upper ... March April-May November no 5.2 
I 

8.1 
I 

Port Erin middle .. March April-May November no 55 5.3 7.6 
lower ... March April-May November yes 

I 
4.7 6.5 

Liverpool . ... .. .. April-May yes 5.9 

Menai Bridge ..... March-April November yes 12- 17 

upper . ... March-April yes 3.1- 3.5 5.3- 5.8 
St. Malo middle . .. March-April I yes 3.0- 3.9 4.6- 5.2 

lower .. . . March-April yes 3.3- 4.5 4.4- 5.8 

Hudson Strait area August 
Miramichi ... ..... April-May May-June I no 28- 35 
St. Andrews . . . ... March-May May October no 35- 42 I 6.3 I 11.0 
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at localities in the North Atlantic 

I 

I i 
Maximum ' 

I Duration 
I t0 111ax t0min of Remarks ! Source 

I Length 
I 

Age ice-cover 

I i Lmax Tmax 

i 
23.0 6 7 months natural population present paper 
16.8 8 15° - 27° 7 months natural population present paper 

I ------ -
! 17.0 9 natural population present paper 
: 19.2 5 natural population present paper 

20.6 6 18° - 31° I 6 months natural population present paper 
I 

18.0 5 natural population present paper 
20.0 4 I natural population present paper 

I 21.5 4 

- 200 i 
natural population present paper 

17.0 5 22° no ice natural population present paper 
17.0 5 16° - 19° no ice natural population present paper 
20.0 7 19° - 160 I "Storis" natural population present paper 
21.0 10- 12 19° - 30° "Storis" natural population present paper 

16.1 
I 

4-8 months natural population FEYLING-HANSSEl\ , 1953 
22 no ice natural population c. DONS 1945 
14 3 150 40 no ice natural population S. RUNNSTROM 1925 

----· 

l (

EU1IIIRST 1923 

23° 
demi-natural popul- BARNES & POWELL 1953 

J 
20 no ice ation PYEFINCH 1948 

CORNELL 1961 
- ------ ---

16 5- 6 l 14° 14 2- 3 60 no ice natural population H. MooRE 1934 & 1935 b.c 
12 2- 3 

24 16° 50 no ice demi-natural popul. J. CORLETT 1948 

15° 50 no ice demi-natural popul. CRISP & co-workers 
--

3 l 17° 7? 70 no ice natural population HATTON 1938 
2 

--- ·-

4- 8 months natural population BouSFIELD 1955a 
6 22° 

-300 I 
4 months natural population BouSFIELD 1955b 

15° no ice natural population BouSFIELD 1954 

159 8 
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Table 11. 

Year of June July September 
Occurrence of 

August Balanus 
investigation Av. Max. Av. Max. Av. Max. Av. Max. balanoides 

1893 ... . .. .. .... 1.7 3.1 5.2 7.9 4.8 ?.3 - 0.1 0.9 rare 
1923 ............ 1.2 2.5 4.3 6.4 4.5 5.6 0.9 2.1 rare 
1936 . . . . .. . ... . . 3.2 6.3 6.5 7.8 6.6 ?.9 2.7 4.? common 
1960 ... . . . . ... .. 2.6 5.2 5.7 8.3 5.4 6.9 1.3 3.0 common 
1962 ... . .. .. .... 2.7 5.2 6.0 8.4 5.9 6.9 1.1 3.0 common 

Occurrence of B. balanoides in Umanak district as observed by VAN ­

HOFFEN (in 1893) , FRODA (in 1923), VIBE (in 1936), PETERSEN (in 1960) 
and STEENSTRUP (in 1962). 
The averages in this table give the average of the monthly average for 
the 8 years before the year of the investigation, and the maxima give 
the maximum value of the monthly average for the 8 years; thus indi­
cating the possibility that one very fine year will promote a barnacle 
population in the northern districts. 

Frerdig fra trykkeriet den 10. august 1966. 
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Plate 1 

Photographs of various scutae. L: larval shell, 1.W: 1st winter ring, 2.W: 2nd winter 
ring, T: total length . 

Fig. A: II.-gr. animal with 6 moulting rings between 2.W and T. 

Fig. B : I.-gr. animal with 10 moulting rings between 1.W and T. 

Fig. C: Enlargment of the shell in fig. B, to show the structure of the larval shell. 
Note that the rings between the moulting rings are visible. 

Fig. D : Scutum which was broken some time between the 1st winter ring and col­
lection date and healed without noticeable influence on the growth. 

Fig. E: Scutum which was broken during a winter period ; the number of the winter 
ring cannot be read, as the first part of the shell is corroded. 
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Plate 2 

A scheme explaining plates 3-38. 

1st diagram: The total material according to age and length. 

2nd diagram: Relative size-distribution and where 0.-gr. animals and adult animals 
are treated separately. 

The three lower diagrams: Gonad development according to length. The stages used 
are indicated in the diagrams. 
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