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The biochemical composition of the cypris larva of the barnacle 
Balanus balanoides L.

D. L. Holland and G. Walker
N atural E nvironm ent R esearch C ou n cil, U n it o f  M arine Invertebrate B iology,

M arine Science L aboratories, M enai Bridge, A n g lesey , W ales

T he b iochem ical com p osition  o f  the  cyprids o f  Balanus balanoides  is described. T he m ean tota l 
freeze-dried  w eight per cyprid w as 37-7 gg. M ean va lues, as percentages o f  total dry w eight were 
9-2%  neutral lip id , 4-8%  p h osp h olip id , 0-8%  polysaccharide, 2-7%  free sugars, 6-8%  protein  
nitrogen , 8'2%  tota l n itrogen, 3-2%  ch itin  and 12-4 % ash.

F ree-sw im m ing cyprids, prevented from  se ttlin g  for up to  8 w eeks at 8°C  u tilised  their neutral 
lipid (triglyceride) reserves. A t the en d  o f  th is period  90%  o f  the initial neutral lip id  reserves 
were d ep leted . There w as o n ly  a sligh t decrease in  the p h osp h o lip id , free sugar and n itrogen  
con ten t o f  the cyprids, and the p olysaccharide con ten t rem ained com p aratively  constant.

Introduction
Barnes, Barnes and Finlayson (1963) and Barnes 
(1965) have described the seasonal changes in bio­
chemical composition of adult barnacles and the 
changes in composition of the developing eggs of 
both Balanus balanoides and B. balanus. Little is 
known however, about the biochemical composition 
of the cyprid and nauplius stages of barnacles. The 
cypris is the final larval stage and is specificially 
adapted to locate and explore a suitable site for 
settlement (see Crisp, 1974); when this is achieved 
the cyprids metamorphose into the attached adult 
form.

Cyprids do not feed, so that survival and success 
a t metamorphosis is entirely dependent on stored 
energy reserves. In this paper, we have determined 
the biochemical composition of B. balanoides 
cyprids and described the loss of energy reserves in 
cyprids prevented from settling for up to  eight weeks.

Materials and methods 
C ollection  o f  cyprids

Plankton hauls were taken in the Menai Strait be­
tween late April and early May 1972. In the labora­
tory, samples of the plankton were pipetted onto 
filter paper and B. balanoides cyprids counted under 
a binocular microscope and collected. Approximately 
10 000 cyprids from the collection on 2 May 1972 
were m aintained at 8°C in the laboratory in a 3 1

glass cylinder containing u.v.-irradiated, filtered sea 
water. The sea water was replenished twice a week 
and was kept strongly agitated by means of a filtered 
compressed air flow. Approximately 1000 free- 
swimming cyprids were sampled at weekly intervals 
for biochemical analysis over a period of eight 
weeks.

B iochem ical analysis

The cyprids were washed free of sea water by rinsing 
with 0-9% aq. ammonium form ate on a sieve and 
then freeze-dried. The freeze-dried samples were 
weighed and the dry weight per cyprid calculated. 
Between 2 and 4 mg of dried cyprids were milled 
and protein nitrogen, total carbohydrate (sub­
divided into free sugars and polysaccharide) and total 
lipid (sub-divided into neutral lipid and phospholipid) 
were determined by the methods described previously 
by Holland and G abbott (1971) and Holland and 
H annant (1973). In addition total nitrogen in a 
sample of the aqueous homogenate was determined 
by micro-Kjeldahl digestion in the same way as 
protein nitrogen.

Ash weight was determined by heating replicate 
samples of an aqueous homogenate of cyprids at 
500°C for 5 h in a muffle furnace.

D ete rm in atio n  o f  chitin

Replicate samples (each 500 mg dry weight) o f milled 
cyprids were homogenised in 10 ml cold 5%  aq.
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T able 1. The total dry weight and biochem ical com p osition , expressed as a percentage o f  total dry w eight, o f  
B. balanoides cyprids.

T o ta l lip id T ota l c a rbohydrate
D a te  o f M ean total Neutral P h osp h o­ Po lysacc- Free P rotein T otal C hitin Ash

co llec tio n dry w eight lipid lipid haride sugars N N
1972 Bg

27 A pril 34-8 8 1 4-7 0-8 2-4 7*5 8*4
2 M ay 40-5 10-4 4-4 0-5 3-7 5-6 8-2 3*2* 12-4*
8 M ay 37-8 9 0 5-3 1-2 2 1 7-2 8 1

M ean 37-7 9-2 4-8 0-8 2-7 6*8 8*2 3*2 12-4

* T he three replicate sam ples o f  cyprids were p o o led  for determ ination  o f  ch itin  and  ash.

TCA and then allowed to stand for 30 mín a t 4°C. 
The homogenates were centrifuged for 15 min at 
800 g  and the precipitates washed twice (by re­
suspension and centrifugation) with cold 5%  TCA. 
Lipids were extracted from the precipitates by wash­
ing twice with chloroform : methanol (2 : 1 v/v). 
The residues were washed twice with methanol and 
air dried. The material, consisting mainly of protein 
and chitin, was heated at 100°C in a water bath 
with 75 ml 10n  N aO H  for 2 h, to  hydrolyse protein. 
The reaction mixture was allowed to  cool and then 
centrifuged at 800 g  for 30 min. The remaining pre­
cipitate was washed with distilled water and  freeze- 
dried. The product, consisting of chitin with, perhaps, 
some residual protein was light grey in colour.

Results and discussion 

Biochem ical com position  o f  B. balanoides cyprids

Table 1 shows the total dry weight and biochemical 
composition of cyprids collected from the plankton 
in the Menai Strait.

Total lipid accounted for 14 0%  but carbohydrate 
only 3-5% of the total dry weight of the cyprids. 
Similarly, the larvae of O. edulis (M illar and Scott, 
1967; Holland and G abbott, 1971), and several 
species o f planktonic crustacea (Raym ont, Srini- 
vasagam, and Raymont, 1969) also store more lipid 
than carbohydrate.

In B. balanoides cyprids, neutral lipids formed 
66%, by weight, of the total lipid fraction (Table 1). 
In deep water planktonic crustacea wax esters form 
a large proportion of the neutral lipid fraction and 
apparently function as secondary energy reserves 
when the triglycerides are exhausted (Lee, H irota 
and Barnett, 1971; Morris, 1972). Analysis of the 
neutral lipid fraction from B. balanoides cyprids, by 
thin-layer chromatography on Silica gel G, showed 
the presence o f triglycerides but wax esters were 
absent (Holland, unpublished observation).

Chitin forms 3-2% of the total dry weight of the

cypris larva (Table 1) and this value lies within the 
normal range of 3-6%  by weight already reported 
for planktonic copepods, decapods and euphausids 
(see Raymont, Austin and Linford, 1963; 1967; 
Raymont, Srinivasagam and Raymont, 1971). The 
ash weight o f cyprids was 12-4 % o f the total dry 
weight (Table 1). The percentage of ash is within the 
comparatively wide range of ash weights, 2 to 21 % 
o f the total dry weight, quoted for several species of 
crustacean Zooplankton (Raymont et al. 1963, 1967; 
and 1971).

Biochem ical changes in B. balanoides cyprids 
prevented  from  settling

The total dry weight and percentage biochemical 
composition of free-swimming cyprids prevented 
from settling for up to eight weeks is shown in Table 
2. Figure 1 shows the content per cyprid o f each bio­
chemical constituent over the eight week period. 
Although there was a slight decrease in the nitrogen, 
phospholipid and free sugar content of the cyprids, 
the polysaccharide content remained comparatively 
constant. On the other hand the am ount o f neutral 
lipid fell dramatically. Four weeks after capture 
more than 60% of the neutral lipid reserves had been 
lost and at the end of the experiment the loss of 
neutral lipid had increased to 90% of the initial 
value.

During the development of the egg masses of B. 
balanoides, Barnes (1965) found that in the early 
stages there was a loss o f protein followed by a loss 
o f carbohydrate. Only in the later stages of egg 
development was there any use o f lipid reserves. 
In  the cyprids of B. balanoides however neutral lipid 
(triglycerides) is clearly the main energy reserve. 
N eutral lipid has also been shown to be the main 
reserve in oyster larvae (Holland and Spencer, 1973), 
although, according to  Corner and Cowey (1968), 
the importance of lipid as a food reserve may vary 
in other Zooplankton.

The mass of B. balanoides cyprids is present in the
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T able 2. T he to ta l dry w eight and b ioch em ica l com p osition , expressed  as a percentage o f  total dry w eight, o f  B. ba la­
noides cyprids kept in the laboratory and  prevented from  se tt lin g  for up  to  eigh t w eeks.

T ota l lip id  T ota l carbohydrate
D uration  o f D ate M ean total N eutral P ho sp h o ­ P olysacc­ Free Protein T ota l

experim ent in w eeks 1972 dry w eight lip id lipid haride sugars N N
after capture flg

S tart.................................. 2 M ay 40-5 10-4 4-4 0-5 3-7 5-6 8-2
1 ............................. 9 M ay 36-6 11-7 3-8 1-6 3-5 5-7 9 1
2 ......................................... 16 M av 35-2 10 5 4-5 1-4 3-4 4-1 8-9
3 ......................................... 23 M ay 33-5 9-3 3-6 0-6 3-3 5-5 9*5
4 ......................................... 30 M ay 31-5 5 1 3-8 2-2 2-5 5-6 9-5
5 ......................................... 6 June 30-4 3-9 3-6 1-3 3-3 5-2 9-1
6 ............................. 13 June 28-5 3-7 3-7 1-4 3 1 6 0 101
7 ......................................... 20 June 26-5 2-3 4-5 0-8 3-4 6 0 10-8
8 ......................................... 27 June 27-2 1-5 3-3 M 3-3 5-4 9-9

¡K
u

oo

0
0 1 2  3 1 5  6 7 8

Weeks

Figure 1. T he lip id , carbohydrate and nitrogen content 
o f  B. balanoides  cyprids kept in the laboratory and  
prevented from  settlin g  for up to  eight w eeks. ■ total 
nitrogen, □  protein  nitrogen, ® neutral lip id , O p h os­
pholip id , A  polysaccharide, A free sugars.

Menai Strait for about four weeks (mid April-m id 
May) and during this period settlement takes place. 
In fact the literature indicates that cyprids of littoral 
species o f barnacles may settle well within 14 days 
of planktonic life (see Wolf, 1973; Table XIX). 
Thus although B. balanoides cyprids were success­
fully maintained in the laboratory for eight weeks 
this is probably an abnormally long time for these 
cyprids to  be in the plankton. Their ability to  settle 
successfully during this period was not ho\«*A- 
tested experimentally. The energy cost of m etawnr- 
phosis in terms o f lipid reserves is not known. It

may be that the free-swimming cyprids collected to ­
wards the end of the eight week period had lipid 
reserves so depleted that successful metamorphosis 
could not be achieved.

There must be a time when the advantages to  the 
cyprids of remaining in the plankton is outweighed 
by the depletion o f their energy reserves. This implies 
that utilisation of energy reserves has perhaps some 
influence on the drive to  settle in cyprids, which has 
hitherto not been considered, although Crisp and 
Meadows (1963) found that the rate of settlement in 
cyprids increased with age.

Acknowledgments
We are grateful to P. J. H annant for technical as­
sistance and  Professor D. J. Crisp, F .R .S., for criti­
cism of the manuscript.

References
B arnes, H . 1965. Studies in the  b iochem istry  o f  cir- 

ripede eggs I. C hanges in the general b iochem ical 
com p osition  during d evelopm ent o f  Balanus balano­
ides and  B. balanus. J. m ar. b io l. A ss. U .K ., 45: 
3 21-39 .

B arnes, H ., B arnes, M. & F in layson , D . M . 1963. T he  
season a l changes in body w eight, b iochem ical co m ­
p o sit io n  and o xygen  uptake o f  tw o  com m on  boreo- 
arctic cirripedes, Balanus balanoides  and B. balanus. 
J. mar. b io l. A ss. U .K ., 43: 185-211.

Corner, E. D . S. & C ow ey, C. B. 1968. B iochem ical 
stud ies on  the production  o f  m arine Zooplankton. 
B iol. R ev ., 43: 393-426 .

Crisp, D . J. 1974. F actors influencing the settlem ent o f  
m arine invertebrate larvae. C hapter 5 In C hem o- 
reception  in M arine O rganism s. Ed. by P. T. Grant. 
A cadem ic press, L ondon .

Crisp, D. J. & M eadow s, P. S. 1963. A dsorbed  layers: 
the stim ulus to  se ttlem en t in barnacles. Proc, R. S oc ., 
B, 158: 364 -87 .

H ollan d , D. L. & G ab b ott, P. A . 1971. A  m icro- 
analytical schem e for the d eterm ination  o f  protein , 
carbohydrate, lip id  and  R N A  lev e ls  in  m arine in ­
vertebrate larvae. J. mar. biol. A ss. U .K ., 51: 6 5 9 -8 0 .



Biochemical composition of cyprids 165

H ollan d, D . L. & H annant, P. J. 1973. A ddendum  to  
a m icro-analytical schem e for the b iochem ical an a­
lysis o f  m arine invertebrate larvae. J. mar. b io l A ss. 
U .K ., 53: 833 -8 .

H ollan d , D . L. & Spencer, B. E. 1973. B iochem ical 
changes in fed and starved oysters, O strea  edulis  L. 
during larval develop m en t, m etam orphosis and early  
spat grow th. J. mar. biol. A ss. U .K ., 53: 287-98 .

Lee, R. F ., H irota , J. & B arnett, A . M . 1971. D istri­
bution  and im portance o f  w ax esters in m arine  
cop ep od s and other Z ooplankton. D eep -S ea  R es., 
18: 1147-65.

M illar, R . H . & S cott, J. M . 1967. T he larvae o f  the 
oyster O strea  edulis during starvation . J. mar. biol. 
A ss. U .K ., 47: 4 7 5 -8 4 .

M orris, R . J. 1972. T he occurrence o f  w ax esters in 
crustaceans from  the north-east A tlantic  O cean. 
Mar. B iol., 16: 102-7 .

R aym ont, J. E . G ., A ustin , J. & L inford, E. 1963. B io­

ch em ical stud ies on  m arine Z ooplankton I. T he b io­
ch em ical com p o sitio n  o f  N eom ysis in teger. J. C ons, 
int. E xplor. M er, 28: 354—63.

R aym on t, J. E. G ., A u stin , J. & L inford, E. 1967. T he  
b iochem ical com p o sitio n  o f  certain  ocean ic Zoo­
plan kton  decapods. D eep -S ea  R es., 14: 113-15 .

R aym on t, J. E. G ., Srinivasagam , R . T . & R aym on t, 
J. K . B. 1969. B iochem ical stud ies on  m arine Z o o ­
plan kton  V II. O bservations on  certain deep sea  Z o o ­
plankton . Int. R evue ges. H yd rob io l., 54: 3 5 7 -6 5 .

R aym on t, J. E . G ., Srinivasagam , R . T. & R aym ont, 
J. K . B. 1971. B ioch em ica l stud ies o n  m arine Z oo­
plankton  V III. F urther investigations on  M eg a n yc ti­
phanes norvegica  (M  Sars). D eep -S ea  R es., 18: 
1167-78.

W olf, P. D e . 1973. E co log ica l observations on  the 
m echanism s o f  d ispersal o f  barnacle larvae during  
p lankton ic life  and  settling . N eth . J. Sea R es., 6: 
1-129 .

11*


