
Dissolved Organic Matter and Heterotrophic Microneuston 
in the Surface Microlayers o f the North Atlantic

Abstract.  D isso lved  organic carbon, carbohydra tes, and  adenosine triphosphate  
in the size fra c tio n s  0.2 to 3 m icrom eters a n d  3 to  1000 m icrom eters are significantly  
enriched  in the tipper 150-m icrom eter surface  layer com pared  to subsurface  water, 
m ean  enrichm en t fa c to rs  being 1.6, 2.0, 2 .5 , an d  3.1, respectively. When ca lcu la ted  
as a 0.1 -m icrom eter m icrolayer o f  wet su r fa c ta n ts , th e  m ean  concentra tion  o f  organ­
ic m a tte r  w as 2 .9  gram s per liter, o f  which carbohydra tes acco u n ted  fo r  28 percen t. 
The data  fo r  p lan t p igm en ts and  particu la te  adenosine triphosphate  ind ica ted  tha t 
bacterioneuston  was enriched  at seven  o f  n ine s ta tions while phago troph ic  p ro tists  
were enriched  a t fiv e  sta tions. In s ta n ces o f  en richm en t a n d  inhibition were verified  
by cu ltura l data  fo r  bacteria and  am oebas. The observa tions indicate tha t the sur­
fa c e  m icro layers are largely hetero trophic  m icrocosm s, which can be as rich as labo­
ra tory cultures, and  tha t an appreciable part o f  the d isso lved  organic carbon is car­
bohydra te  o f  phy top lankton  origin, released  a n d  brought to the surface  by m igrating  
and  excre ting  phagotrophic  protists.

T h e  sea-air interface has a ttracted  a t ­
tention because of its im portance in the 
detec tion and limitation of pollution (/). 
H ow ever ,  the sea surface is a major site 
o f  biological activity, and the organisms 
tha t have adapted  to this specialized en­
v ironm ent (2) have been termed neuston 
(3). Despite the importance o f  neuston in 
the diet of both sea birds and migrating 
nekton and the growing knowledge o f  the 
biology of the neuston (4 ), the chemical 
and microbiological nature o f  the surface 
film and the physical and biological 
m echanism s for its formation require fur­
ther  study. Light intensities at the sea 
surface are phototoxic  to most phyto- 
p lankters; exceptions are T richodes­
m ium , S a rg a ssu m , and some pennate 
d ia tom s that are lifted onto the surface 
film in intertidal waters (5). Therefore 
the m icroneuston that nurtures the con­
sp icuous  blue invertebrate fauna  on the 
open  sea must be largely heterotrophic  
in na ture  and be based on bacte rioneu­
ston (6) growing on nutrients p roduced 
by the phytoplankton in the shaded 
eupho tic  zone below the sea surface.

It has  been assum ed that the surfac­
tant nature o f  the surface layer is due to 
h ydrocarbons ,  fatty acids and fatty a lco­
hols , and similar dry surfactants (I, 7), 
which produce  a  0.01-ju.m microlayer 
above  the sea-air interface (8). H ow ever ,  
it has been show n that except for heavily 
traveled  w aterw ays polluted by hyd ro ­
carb on s ,  the surface microlayer is dom i­
nated  by a 0. l-/¿m-thick m icrolayer of 
w et  surfac tan ts  below the sea-air inter­
face that behaves like a polysaccharide- 
protein  complex (9). The  s tudy reported 
here was designed to fu r ther ch a rac te r­
ize the nature and concen tra tion  o f  the 
d issolved organic carbon (DOC) and mi­
croorganism s in the surface microlayers 
in an a t tem pt to show the rela tionship of 
the microbial plankton and neuston  to 
the chem istry  o f  the microlayer. D ata  are

presen ted  to show  that there is a  small 
but consistent and statistically signifi­
c an t  enrichm ent o f  both DOC and m icro­
neuston  in the surface film. If the  dis­
solved materials are actually con cen ­
tra ted  in a 0.1 -/am microlayer (8, 9) while 
the microorganisms are concentra ted  in 
a  1.0-ju.m microlayer, then the nutrient 
concen tra tions  and microbial po p u ­
lations approach or equal those in labora­
tory cultures.

Stations were occupied  at the loca­
tions shown in T able  1. A N ytex  screen 
sam pler  ( / )  that had been scrubbed  in al­
cohol was used to obtain the approxi­
mately l50-/xm-thick surface layer. 
W hen the sea sta te  allowed, an inflatable 
boat with low freeboard  was used to 
sam ple  aw ay from the ship. Subsurface 
sam ples,  taken with 5- and 30-liter Nis- 
kin bottles that had been scrubbed  with 
0.1 N  hydrochloric acid and rinsed in w a­
te r  in situ for 20 minutes before sampling 
(IO), were filtered with a 1-mm N ytex 
screen and processed as rapidly as pos­
sible. The chemical and adenosine tr i­
phosphate  (ATP) analyses were made in 
tr iplicate. The samples for DOC and ca r ­
bohydra tes  w ere  passed through Gel man 
glass-fiber filters (type A/E) w ithout vac­
uum  to rem ove suspended particles. 
Samples for total DOC ( I I )  were pre­
pared  at sea and analyzed on shore. The 
determ ination  o f  m onosaccharides and 
total ca rbohydra tes  and the estimation of 
polysaccharides by difference were done 
aboard  ship by using procedures  based 
on precise  and reliable chemical reac­
tions (12). Organisms smaller than 1000 
p.m w ere  divided into fractions <  3 p m  
and >  3 p m  by N uclepore  filtration; the 
am o un t o f  A T P  was determ ined at sea be­
tw een  stations (13, 14), and plant pig­
ments  (15) were used to de tec t  accum ula­
tions of phytop lankton . Large volumes 
of w ater  (up to 200 liters) were passed 
th rough  a  con tinuous reverse flow con­

c e n tr a to r  (16) that reduced  the volume 
con ta in ing  the particles >  3 by a fac­
t o r  o f 1000 in 2 hours  o r less. Fresh con­
c e n tra te s  were examined at sea with 
phase  contrast microscopes fitted with 
head braces (necessary  on a  rolling ship); 
p o r t io ns  fixed at sea by the addition of an 
equal volume of 6 percent glutaralde- 
hy de  in 0.1 M  sodium cacodylate buffer 
(p H  7.20) w i th 0.25M  sucrose  were exam ­
ined in g reater detail on shore by light mi­
c ro sco p y  and scanning and transmission 
e lec tron  microscopy. Fresh  concentra tes  
w ere  also used to prepare serial decimal 
dilutions for the extinction dilution cu l­
tu re  o f  bacteria and am oebas. F o r  bac­
ter ia ,  the peptone-yeast extract medium 
con ta ined  1 g of each  per liter o f  seaw a­
te r ,  the ca rbohydra te  medium contained 
1 g each of glucose, mannitol, and glycol­
ic acid per liter, and the chitin medium 
con ta ined  approxim ately  2 g o f crab  chi­
tin suspended in I liter of  seawater .  Ei­
th e r  a single rice grain or a 0 .1-cnr1 1.5 
percen t  agar plug o f  the peptone-yeast 
ex trac t  medium was used to sustain low 
bacterial populations fo r  the amoeba cu l­
tu res .

The data  obtained fo r  the screen and 
subsurface  samples at nine stations from 
Block Island Sound along the ou te r  con ti­
nental shelf  to the G rand  Banks (s tations 
2 , 5 , 6 ,  and 7) and ac ro ss  the N orth  Atlan­
tic to east o f the A zores  (s tations 9. 11, 
12, 13, and 14) are given in Table I. The 
differences for all sam ples are significant 
at the 95 percent level excep t for two val­
ues.  The  concentra tion  o f  materials in 
the surface microlayers was calculated 
by subtracting the subsurface (mean 
dep th ,  8 m) value from  the screen  value, 
and the rem ainder was multiplied by a 
fac to r  based on a screen efficiency of 70 
percent (17) and a dilution of the micro­
layer with the subsurface  w ater  (/) .  A s­
sum ed th icknesses o f  the com ponents  
used to estimate the concentra tion  of dis­
solved organic m a t te r  and micro­
organism s in the surface microlayer are 
show n in Table 1.

In contrast to the DOC concentrations 
of 1.3 mg o f  carbon  per liter in the sub­
surface w aters ,  the DOC in the micro­
layer has an estim ated  effective carbon 
concentra tion  of 471 to 2250 mg/liter 
(mean value, 1427 mg/liter) or  a dry 
weight of 2.9 g of organic m atte r  per li­
ter. This is the concentra tion  of organic 
m atter  used to grow bacteria  in seawater 
media. A mean value for total carbohy­
dra tes  of 875 mg/li ter indicates that car­
bohydra tes  account for some 28 percent 
of the  DOC in the microlayer. T he partic­
ulates <  3 ¿un are primarily bacteria, al­
though some of the sm aller apochlorotic 
microflagellates, which presum ably  func­



tion like bacteria, m ay  also be present,  
depending  on the sample. The large, 
chloroplast-containing phytoplankton 
w ere  apparently  not present in these 
prepara tions .  An idea of the order of 
m agnitude o f  the biomass o f  the bacterio- 
n euston  can  be obtained by using the 
A T P  : C convers ion factor o f 1 : 250 
(14), w hich  indicates concentrations of 
0.08 to 5 mg of cellular carbon per liter.

T he  A T P  concentration  for the protists 
in the fraction >  3 /xm, when present,  
was a third that o f  the bacterioneuston. 
E xcep t at the shallow-water station 2, 
there  was no appreciable concentration 
o f  chlorophyll a. T hese  observations in­
d icate  tha t this >  3-fxm  fraction was usu­
ally due to phagotrophic protists, p re ­
sumably grazing on the bacterioneuston. 
This was confirmed by microscopic o b ­

servation  o f  concentra tes .  At two sta­
tions the  A T P  concentra tion  in the frac­
tion  <  3 /xm  was low er in the microlayer 
than in the  subsurface  sample; this may 
have  been  caused by grazing or by 
grow th  inhibition. T he  data  on  dilution 
ex tinc tion  cultures for bacteria and 
am o eb a s  at stations 2 and 12 are given in 
T able  2. T h e  apparen t inhibition at sta­
tion  2 indicated in T ab le  1 is also con-

T a b le  1. C o n c e n tr a t io n s  o f  d is s o lv e d  o rg a n ic  c a r b o n  (D O C ) a n d  liv in g  p a r t ic u la te s  in  th e  s u r f a c e  m ic ro la y e r s  o f  th e  N o r th  A tla n tic  in  Ju ly  a n d  
A u g u s t 1975. In  th e  c a lc u la tio n s  a  th ic k n e s s  c o m m e n s u r a te  w ith  th e  d im e n s io n s  o f  th e  m a te r ia l w a s  a s s u m e d :  a  0 .1-/xm  la y e r  fo r  D O C  g iv es  a 
d ilu tio n  f a c to r  o f  1 : 1500; a  1 .0-/xm la y e r  fo r  th e  f r a c tio n  <  3 /xm , 1 : 150; a n d  a  10-/xm la y e r  fo r  t h e  p ro t is ts  >  3 /xm , 1 : 1 5 .  M ic ro la y e r  c o n c e n ­
tra t io n  =  (s u r fa c e  c o n c e n tr a t io n  -  s u b s u r fa c e  c o n c e n tr a t io n )  (70  p e rc e n t  s c re e n  e ffic ie n c y  x  d i lu t io n  w ith  s u b s u r f a c e  w a te r ) .  E n r ic h m e n t is th e  
s c r e e n  e n r ic h m e n t  f a c to r ,  th a t  is ,  ( s c re e n  c o n c e n tr a t io n ) /( s u b s u r fa c e  c o n c e n tr a t io n ) .  D iffe ren c e s  b e tw e e n  th e  m e a n s  fo r th e  s u r fa c e  a n d  s u b s u r ­
fa c e  d e te rm in a t io n s  w e re  s ta t is t ic a lly  s ig n if ic a n t a t  th e  95 p e rc e n t  leve l w ith  tw o  e x c e p tio n s  n o te d  b e lo w . L e t te r s  in  p a r e n th e s e s  u n d e r  s ta tio n  
n u m b e rs  in d ic a te  s c re e n  sam p lin g  m e th o d : Z  m e a n s  s a m p le d  fro m  th e  Z o d ia c  in f la ta b le , a n d  V  m e a n s  s a m p le d  fro m  th e  b o w  o f  th e  re s e a rc h  
v e s s e l .

M a te r ia ls  a s s a y e d
S ta tio n  

2 (Z )
S ta tio n  

5 (V )
S ta t io n  

6  (V )
S ta tio n  

7 (V )
S ta tio n  

9  (V )
S ta t io n  

11 (Z )
S ta t io n  
12 (Z )

S ta t io n  
13 (Z )

S ta t io n  
14 (V )

M ean s

L o c a t io n 4 1 °4 8 'N ,
67°05 'W

4 3 °3 1 'N ,
59 °2 9 'W

4 3 °1 9 'N , 
5 9 °4 1 ' W

4 3 °4 0 'N
52°40 'W

40°36 'N
39 °4 8 'W

3 7 ° 2 8 'N ,
2 8 °4 3 'W

3 7 °2 8 'N
2 8 °4 4 'W

3 6 °5 9 'N
21 °2 2 'W

3 6 °4 7 'N ,
2 1 °2 0 'W

D e p th  (m ) 50 1794 160 296 4972 2000 1880 3803 4517

D is s o lv e d  o rg a n ic  c a r b o n  (m g /lite r)
M ic ro la y e r 1714 471 2186 921 2207 1671 1029 600 1221 1336
S c re e n 1.88 1.55* 2.11 1.70 2.15 1.72 1.47 1.32 1.64 1.73
S u b s u r fa c e 1.08 1.33 1.09 1.27 1.12 0 .9 4 0 .9 9 1.04 1.07 1.10
E n r ic h m e n t 1.7 1.2 1.9 1.3 1.9 1.8 1.5 1.3 1.5 1.6

C a r b o h y d r a te  c a r b o n  (m g /lite r) 
M o n o s a c c h a r id e s

M ic ro la y e r 214 111 96 86 334 244 107 103 150 161
S c re e n 0 .150 0 .126 0 .124 0.182 0 .2 3 0 0 .1 9 2 0 .128 0.131 0 .1 4 4 0.156
S u b s u r fa c e 0 .050 0 .074 0 .079 0.142 0.074 0 .0 7 8 0 .078 0.083 0 .0 7 4 0.081
E n r ic h m e n t 3 .0 1.7 1.6 1.3 3.1 2.5 1.6 1.6 1.9 2.0

P o ly s a c c h a r id e s
M ic ro la y e r 221 N E t 193 257 491 154 139 103 411 246
S c re e n 0.220 0.154 0 .190 0.205 0.273 0 .1 6 8 0 .137 0.141 0.301 0.199
S u b s u r fa c e 0 .117 0.171 0 .100 0.085 0.044 0 .0 9 6 0.072 0.093 0 .1 0 9 0.099
E n r ic h m e n t 1.9 0 .9 1.9 2 .4 6 .2 1.8 1.9 1.5 2 .8 2.3

T o ta l  c a r b o h y d ra te s
M ic r o la y e r 435 75 289 343 825 398 246 206 561 375
S c re e n 0.370 0.280 0 .314 0.387 0.503 0 .3 6 0 0.265 0.272 0.445 0.355
S u b s u r fa c e 0 .167 0.245 0 .1 7 9 0.227 0.118 0 .1 7 4 0 .150 0 .176 0.183 0.180
E n r ic h m e n t 2 .2 1.1 1.7 1.7 4 .3 2.1 1.8 1.5 2 .4 2.0

P e rc e n ta g e  o f  D O C
M ic ro la y e r 25 16 13 37 37 24 24 34 46 28
S c re e n 20 18 15 23 23 21 18 21 27 21
S u b s u r fa c e 15 18 16 18 10 18 15 17 17 16

B io m a ss  (IO -8 g  A T P /lite r)  
F ra c t io n  <  3 /xm

M ic ro la y e r N E t 793 28 N E 1072 165 2145 362 1779 906
S c re e n 5 .1 9 6 .96 2.73 3.45 9.32 3.51 11.67 3.37 10.14 6.26
S u b s u r fa c e 6 .14 3 .26 2 .6 0 5 .89 4.32 2 .7 4 1.66 1.68 1.84 3.35
E n r ic h m e n t 0 .8 2.1 1.1 0 .6 2.2 1.3 7 .0 2 .0 5 .5 2.5

F r a c t io n  >  3 /xm
M ic ro la y e r 664 N E N E N E 273 58 204 N E 245 289
S c re e n 4 4 .98 3 .59 5.26* 3.81 21 .18 4 .5 8 11.10 4.71 12.64 12.43
S u b s u r fa c e 14.00 13.45 5.87 7 .44 8.43 1.88 1.59 5.72 1.23 6.62
E n r ic h m e n t 3.2 0 .3 0 .9 0.5 2 .5 2 .4 7 .0 0 .8 10.3 3.1

P ig m e n ts  (/xg /liter) 
C h lo ro p h y ll  a

M ic ro la y e r 50 N E N E 1.28 0.64 N E 0.21 0 .0 8 1.50 8.95
S c re e n 3 .78 1.09 0 .0 0 0.19 0 .1 4 0 .05 0.07 0 .0 8 0 .1 4 0.62
S u b s u r fa c e 1.46 2 .05 0 .1 0 0.13 0.11 0 .0 7 0.06 0 .0 8 0 .0 7 0.45
E n r ic h m e n t 2 .6 0 .5 1.5 1.3 0 .7 1.2 1.0 2 .0 1.4

P h a e o p ig m e n ts
M ic ro la y e r N E N E N E 0.02 N E 0.21 1.07 0.03 0.43 0.35
S c re e n 0.13 1.14 0 .0 0 0.02 0.03 0 .0 3 0.06 0 .0 3 0 .0 3 0.16
S u b s u r fa c e 0 .60 6.75 0 .0 6 0.02 0 .0 6 0 .0 2 0.01 0 .0 3 0 .0 3 0.84
E n r ic h m e n t 0 .2 0 .2 1.0 0 .5 1.5 6 .0 1.0 3 .0 1.7

•N o t sign ifican t. tN E  =  not en rich ed .



firmed by the cultural data .  If inhibition 
rather than grazing occurred ,  it could 
have been  due to sub s tan ces  (18) con cen ­
trated in the m icro layer  that w ere  re­
leased from the appreciab le  N itzsch ia  
bloom at this sta tion  indicated by the 
chlorophyll value. An instance o f  bac te ­
rial inhibition in the surface film has been 
reported  (19). In  co n tra s t  to the cultural 
data from  station 2, the da ta  from station 
12 indicated a m ark ed  en richm ent.  When 
correc ted  for the th ickness  o f the surface 
m icrolayer, bacteria l populations on all 
three media w ere  in line with the  bio­
mass est im ates  from ATP. D ata  on  the 
am oebas  associated  with the microlayer 
correlated  with th ose  fo r  the  bacteria : ex­
tensive bacterial popula t ions supported 
ex tens ive am oeba  populations.

T he blue-pigmented pontellid cope- 
pods floating on the  surface at several 
stations occurred  in concen tra tions  suf- 

cient to be noticed during screen  sam ­
pling. At station 12 half  the specimens 
were infested with the suctorian  Eph­
elota g e m m ip a ra , with as m any  as 80 in­
dividuals per cop epo d .  A group o f  indi­
viduals from juvenile  to an  exogenously 
budding mature form are show n in Fig. 
1A. The suctorians w ere  present mainly 
in a band  along the w aterl ine  o f  these  sur­
face-dwelling co p ep o d s .  T he  only other 
copepod  infested with stalked ciliates 
was A cartia  tonsa  from nea rshore  sta­
tion 1, which was heavily infested with 
Z o o th a m n iu m  a lternans (20). 1 he restr ic­
tion o f  these  epizoic  stalked ciliates to 
nearshore  w aters  and to the surface mi­
cro layer and fouled surfaces (21) o f  open 
ocean  w aters  indica tes  tha t they  prob­
ably o ccu r  only w hen  there  is an abun­
dant source  o f  m icroorganism s in the wa- 
•er. Thin  sections o f  the suctorians (Fig. 
,) indicate that bac te r ia  are a substantial 
part o f  their diet and m ust occ u r  in signif­
icant concen tra t ion s  in the  surface micro­
layer.

C arb oh yd ra te s  acco u n ted  for 12 to 46 
percent o f  the DOC (m ean ,  28 percent). 
T hey  are p roduced  by the phytoplankton 
as ph o to sy n thesa te ,  re serve ,  extrace llu ­
lar, and cell wall m ateria ls (22), and may 
o ccu r  in part as side chains on  protein 
backbones— tha t  is, g lycopro te ins  and 
m u copo lysacchar ides .  T he  regular diur­
nal accum ula tion  o f  m onosaccharides ,  
po lysaccharides ,  and  D O C  in the subsur­
face w aters  at these  s ta tions was s trong­
ly associa ted  with phagotrophic  protist 
m axim a occurr ing  near  phototrophic  
pro t is t  m axima (22). Such a continual re­
p len ishm ent of d issolved organic m atter 
w ould be needed  to sus ta in  the microbial 
activity  we observed .  The enrichm ent o f 
wet surfac tan ts  in the surface micro­
layers is probably  ach ieved  through a

T a b le  2 . C u lt iv a b le  p o p u la t io n s  o f  b a c te r ia  a n d  a m o e b a s  in a  th e o re t ic a l  l-/xm  s u r fa c e  m ic ro ­
la y e r  a t  s ta t io n  2 ( in h ib ito ry )  a n d  s ta t io n  12 ( e n r ic h e d ) .

S ta tio n S a m p le

B a c te r ia  p e r  m illilite r A m o e b a s
l i te r

p e r

P e p to n e
y e a s t

m e d iu m

M o n o s a c ­
c h a r id e
m e d iu m

C h itin
m ed iu m

R ic e  1 
g ra in

N u trien t
a g a r
p lug

2 M ic r o la y e r  (0 .1  /xm)* N E t N E N E N E N E
S c re e n  (150 /xm ) 5 x  IO2 5 x  10' 5 x  10' < 0 .0 1 < 0 .0 1
S u b s u r fa c e  (37 m ) 1 x  IO3 5 x  10‘ 1 x  IO2 0 .50 2.30

12 M ic r o la y e r  (0.1 /xm ) > 2  x  IO7 > 2  x  IO7 1 x  IO7 1200 1350
S c r e e n  (150  /xm) > 1  x  1 0 s > 1  x  IO5 5 x  IO4 6 .5 6 .5
S u b s u r fa c e  (30  m ) 5 x  IO2 1 x  IO4 5 x  10' 0 .9 0 .2

•E s tim a te d  from  th e  sc re e n  m inus s u b su rfa c e  c o n c en tra tio n s  x  214 (w h ich  a llo w s fo r 70 p e rce n t s c re e n  effi­
c ien cy  a n d  a I : 150 d ilu tio n  w ith  s u b su rfa c e  w a te r) . tN E  =  no t en rich ed .

F ig . I .  E le c t r o n  m ic ro g r a p h s  (E M ) o f  th e  s u c to r ia n  E p h e lo ta  g e m m ip a r a  c o lo n iz in g  th e  la te ra l 
s u r fa c e  o f  th e  b lu e  c o p e p o d  P o n te l la  s c u t i fe r  flo a tin g  in th e  s u r fa c e  m ic ro la y e r  o f  th e  N o r th  
A tla n tic .  (A ) S c a n n in g  E M  o f  s e v e ra l  E . g e m m ip a r a  c e l ls  in v a r io u s  s ta g e s  o f  d e v e lo p m e n t .  
T h r e e  o f  th e  c e l ls  s h o w  th e  p re h e n s i l e  (o u te r )  a n d  fe e d in g  ( in n e r )  te n ta c le s  u s e d  to  c a p tu r e  an d  
in g e s t fo o d  p a r t ic le s .  O n e  e x o g e n o u s ly  b u d d in g  in d iv id u a l ( a r r o w )  h a s  five c i l ia te d  te lo tro c h s .  
S c a le  b a r ,  100 /xm . (B ) T r a n s m is s io n  E M  o f  a  th in  s e c tio n  o f  p a r t  o f  a n  E . g e m m ip a r a  c e ll  w ith  
n u c le u s  ( N u )  a n d  s ta lk  (.v). F o o d  v a c u o le s  (v ) s h o w  th a t  th e s e  s u c to r ia n s  h a v e  b e e n  fe e d in g  m a in ­
ly o n  b a c te r ia .  S c a le  b a r ,  5 /xm . (C ) H ig h e r  m ag n ifica tio n  o f  th e  in g e s te d  b a c t e r ia  (b ) in a  v a c u ­
o le . S c a le  b a r ,  1 p.m .



combination  of subsurface  phototrophic  
production  and phagotrophic  release, 
L angm uir circulations (24), extraction 
and transport  th rough bubble action dur­
ing w ater tu rbulence (25), and the a t t rac ­
tion o f  the hydrophobic  groups to the 
sea-air interface.
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