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A
C
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he
 d

is
tr

ib
ut

io
n,

 a
b

u
n

d
an

ce
, a

n
d

 s
iz

e 
sp

ec
tr

a 
of

 
tr

an
sp

ar
en
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ex

op
ol

ym
er
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cl

es
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)
 

ge
ne
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te

d 
fr

om
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xc
re

ti
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 p
ro

du
ct

s 
of 

ph
yt

op
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nk
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n 
w

er
e 

in
ve

st
ig

at
ed

. 
T

E
P

 w
as

 f
ou

nd
 a

t 
al

l 
st

at
io

ns
 

st
ud

ie
d,

 b
ut

 a
b

u
n

d
an

ce
 a

n
d

 to
ta

l 
qu

an
ti

ty
 o

f 
TE
P 

va
ri

ed
 b

y 
4
 o

rd
er

s 
of 

m
ag

ni
tu

de
 a

m
on

g 
co

as
ta

l,
 s

lo
pe

 
an

d
 o

ce
an

ic
 e

nv
ir

on
m

en
ts
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A

bu
nd

an
ce

 a
n

d
 s

iz
e 

di
st

ri
bu

ti
on

s 
of

 T
E

P 
ap

p
ea

re
d

 t
o 

b
e 

re
la

te
d 

to
 p

la
nk

- 
to

n 
co

m
po

si
ti

on
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A
bu

nd
an
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en
de
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 b
e 

hi
gh
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n 
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l 
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d 
sh
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w
 w

at
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m
pa

re
d 

to
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ce
an

ic
 

an
d

 d
ee

p
 w

at
er

s 
re

sp
ec

ti
ve

ly
. 

T
he

 a
v

er
ag

e 
si

ze
 o

f 
T

E
P

 w
as

 a
pp

re
ci

ab
ly

 l
ar

ge
r 

at
 s

ta
ti

on
s 

w
h

er
e 

di
at

om
s 

do
m

in
at

ed
 p

hy
to

pl
an

kt
on

. 
S

iz
e 

di
st

ri
bu

ti
on

s 
of
 T
EP
 g

en
er

al
ly

 f
ol

lo
w

ed
 a

 p
ow

er
-l

aw
 f

un
ct

io
n,

 
ex

ce
pt

 w
h

en
 a

gg
re

ga
ti

on
 d

om
in

at
ed

 i
nt

er
ac

ti
on

 o
f 

pa
rt

ic
le

s.
 T
he
 t

yp
e 

01
 s

iz
e 

di
st

ri
bu

ti
on

 o
f 

T
E

P 
m

ay
 

al
lo

w
 u

s 
to

 p
re

di
ct

 t
h

e 
te

nd
en

cy
 o

f 
a 

pl
an

kt
on

 c
om

m
un

it
y 

to
 a

g
g

re
g

at
e.

 G
en

er
al

 d
if

fe
re

nc
es

 i
n 

th
e 

sh
ap

e 
of

 s
iz

e 
sp

ec
tr

a 
of

 T
E

P
 i

nd
ic

at
e 
TE
P 

ge
ne
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te

d 
by

 d
ia

to
m

s 
to

 b
e 

st
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ki
er
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n

d
 m

or
e 
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- 
pa

re
d 

to
 T
EP
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en
er
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 b
y 

no
n-

di
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om
 p
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nk

to
n.

 A
ll

 T
E

P
 w

er
e 

co
lo

ni
ze

d 
by

 b
ac

te
ri

a,
 b

ut
 n

o 
co

rr
el

a-
 

ti
on

 w
as

 fo
un

d 
be

tw
ee

n 
nu

m
be

rs
 of

 a
tt

ac
he

d 
ba

ct
er

ia
 o

n 
in

di
vi

du
al

 T
E
P
 a

n
d

 th
e 

re
sp

ec
ti

ve
 s

iz
e 

of
 T
E
P
.
 

B
ac

te
ri

a 
de

ns
it

y 
on

 T
E

P,
 h

ow
ev

er
, d

ec
re

as
ed

 w
it

h 
in

cr
ea

si
ng

 s
iz

e 
of

 T
EP
 e

xp
on

en
ti

al
ly

. B
et

w
ee

n 
2
 a

n
d

 
25

%
 o

f 
th

e 
to
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l 

ba
ct
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l 
po

pu
la
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on

 w
er

e 
at
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ed
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o 
TE
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 n
um
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r 
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 b
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la

te
d 
wi
th
 

to
ta

l q
ua

nt
it

y 
of

 T
EP
, s

ug
ge

st
in

g 
th

at
 n

o
 si

m
pl

e 
ov

er
al

l r
el

at
io

ns
hi

p 
ex

is
ts

 b
et

w
ee

n 
TE
P 

an
d

 
ba

ct
er

ia
 

K
E

Y
 W

O
R

D
S.

 T
E

P 
. A

tt
ac

he
d 

ba
ct

er
ia

 
S

iz
e 

fr
eq

ue
nc

y 
di

st
ri

bu
ti

on
s 

IN
T

R
O

D
U

C
T

IO
N

 

A
 

n
ew

 
cl

as
s 

of
 

tr
an

sp
ar

en
t 

pa
rt

ic
le

s,
 

ca
ll

ed
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E
P
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ra
n
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xo
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m
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 p
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ti
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 h

as
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tl
y 
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ed
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o 

b
e 
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u

n
d

an
t 

in
 t

h
e 

o
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an
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A
ll

dr
ed

ge
 e

t 
al
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1

9
9

3
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 T
E

P 
ca

n
 b

e 
m

ad
e 

vi
si

bl
e 

b
y

 s
ta
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g 
w

it
h 
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 s

ta
in
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c 
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r 
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sa

cc
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 T

E
P

 
ar

e 
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um

ab
ly
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du
ce

d 
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so

lv
ed

 c
ar

bo
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dr
at

e 
po

ly
m

er
s 

ex
ud

ed
 b

y 
ph

yt
op

la
nk

to
n 

an
d

 b
ac

te
ri

a.
 I

n 
se

aw
at

er
 t

h
es

e 
po

ly
m

er
 m

ol
ec

ul
es

 a
li

gn
 a

n
d

 c
oa

le
sc

e 
vi

a 
ca

ti
on

 b
ri

dg
in

g,
 f

or
m

in
g 

in
vi

si
bl

e 
pa

rt
ic

le
s 

ra
ng

in
g 

fr
om

 m
ic

ro
ns

 t
o 

h
u

n
d

re
d

s 
of 

m
ic

ro
ns

 i
n 

si
ze

. 
W

hi
le

 
pr

el
im

in
ar

y 
st

ud
ie

s 
in

di
ca

te
 t

ha
t 

T
E

P
 a

re
 im

po
rt

dn
t. 

in
 

th
e 

ag
gr

eg
at

io
n 

of 
di

at
om

 b
lo

om
s,

 p
ro

vi
de

 t
he

 m
at

ri
x 

of
 m

ar
in

e 
sn

ow
, s

er
v

e 
as

 a
 s

ub
st

ra
te

 a
n

d
 m

ic
ro

ha
bi

ta
t 

fo
r 

at
ta

ch
ed

 b
ac

te
ri

a,
 a

n
d

 r
ep

re
se

n
t 

an
 i

m
po
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an

t p
at

h
- 

w
ay

 f
or

 t
h

e 
tr

an
sf

or
m

at
io

n 
of 

cl
is

so
lv

ed
 t

o 
pa
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at

e 

m
at

te
r 

(A
ll
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t 
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he
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ti
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ab
u

n
d

an
ce
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an

d 
ch

ar
ac
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ri
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of 
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w
 c
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le
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M
E

T
H

O
D

 

C
u

ltu
res and 

sam
p

le 
collection. 

A
bundance 

an
d

 
particle size frequency distributions of 

T
E

P
 w

ere in
- 

vestigated in batch cultures an
d

 seaw
ater. B

atch cul- 
tures ot" C

haetoceros gracili?,, N
itzschia angularis, T

h
a

- 
lassiosira 

w
eissflogij an

d
 

colonial 
P

fiaeocystis w
ere 

g
ro

w
n

 in
 f/2 m

edium
 w

ith silica at 12O
C

 an
d

 100 pE
 

m
-2

 S
'' 

light (1
2

:1
2

 h cycle) in unbubbled F
ernbach 

flasks. C
are w

as tak
en

 to p
rep

are the m
edia free of 

p
recip

itates, 
as 

salt 
precipitates 

g
en

erated
 

d
u

rin
g

 
autoclaving produce stain

ab
le artefacts w

hich are dif- 
ficult to distinguish from

 T
E

P
. C

ontrols for precipitates 
w

ere m
ad

e for each
 batch of 

m
edia. 

S
eaw

ater sam
p

les w
ere collected on several o

cca- 
sions d

u
rin

g
 Ju

n
e an

d
 July 

1
9
9
2
 off 

S
anta B

arbara, 
C

alifo
rn

ia, U
SA

 
(34"

 2
0

' N
, 

119' 5
0

' W
), 

by 
scu

b
a 

divers at 5
 to 20 m

 d
ep

th
s. S

eaw
ater sam

ples w
ere col- 

lected w
ith 

N
iskin bottles in 

A
ugust 

1992 from
 0 to 

400 m
 d

ep
th

s in M
onterey B

ay, C
alifornia (36' 48' N

, 
1
2
1
Â
 5

3
' W

 an
d

 36' 
4

6
' N

, 121' 5
7

' W
) an

d
 in M

arch 
1

9
9

3
 fro

m
 300 to 1500 m

 d
ep

th
s in th

e open A
tlantic off 

B
erm

uda (B
A

T
S

 S
tn 54; 3

1
" 50' N

, 64' 
10' W

]. 
S

lid
e p

rep
aratio

n
 an

d
 en

u
m

eratio
n

. S
em

i-perrna- 
n

en
t slides of T

E
P

 w
ere p

rep
ared

 in duplicate by p
ass- 

in
g

 l to 2
0
 m

1 of 
seaw

ater onto a 0.4 pm
 polycarbonate 

filter (P
oretics). T

E
P
 w

ere stain
ed

 on d
am

p
 filters w

ith 
an

 aq
u

eo
u

s solution of 
0

.0
2

%
 alcian blue (8 G

X
), a 

hydrophilic, catonic d
y

e specific for polysaccharides, 
an

d
 0

.0
6

%
 acetic acid. T

h
e stain

in
g

 solution w
as p

re- 
filtered th

ro
u

g
h

 0.2 pm
 before use. as th

e stain ag
g

re- 
g

ates w
ith itself. T

h
e filter w

as fully covered w
ith stain 

(ab
o

u
t 400 to 500 pi) w

hich w
as im

m
ediately sucked 

through (as stain
in

g
 is im

m
ed

iate). S
ince residual stain 

reacts w
ith salts in

 seaw
ater to create artefacts, funnels 

an
d

 b
ase w

ere rinsed w
ith distilled w

ater before u
se. 

V
acuum

 p
ressu

re w
as k

ep
t low

 an
d

 constant. F
ilters 

w
ere th

en
 transferred to slides an

d
 p

rep
ared

 accord- 
in

g
 

to 
th

e 
F

ilter-T
ransfer-F

reeze 
(FTF) technique 

(H
ew

es &
 H

olm
-H

ansen 
1

9
8

3
, H

ew
es 

et 
al. 1984). 

B
lanks w

ere p
rep

ared
 w

ith 'clean
' seaw

ater (filtered 
rep

eated
ly

 through 0
.2

 p
m

) or b
y

 dipping the filter into 
seaw

ater before staining as described ab
o

v
e. 

A
ll sam

p
les, ex

cep
t th

o
se from

 B
erm

u
d

a, w
ere p

re- 
p

ared
 fresh

. S
am

p
les from

 B
erm

uda w
ere preserved in 

buffered 
form

alin 
(0

.5
 to 

1
%

) an
d

 
slides p

rep
ared

 
w

ithin 2 w
k

 after fixation. S
lides m

ay be stored at room
 

tem
p

eratu
re in th

e d
ark

 for u
p

 to 6 m
o. 

T
otal 

bacteria 
ab

u
n

d
an

ces 
w

ere 
en

u
m

erated
 

on 
black 

polycarbonate 
filters 

(P
oretics, 0

.2
 urn) 

after 
staining w

ith acridine o
ran

g
e according to H

obble et 
at. (1

9
7
7
J. S

am
ples 

w
ere d

o
u

b
le-stain

ed
 w

ith 
D

A
P

I 
(4

',6
-d

iam
id

in
o

-2
-p

h
en

 y lindole) 
an

d
 

alcian 
blue 

to 
en

u
m

erate 
bacteria 

attach
ed

 
to T

E
P

. R
epljcate 

sea- 
w

ater sam
ples w

ere first stain
ed

 in 
th

e funnel w
ith 

0.5 m
l D

A
P1 (25 pm

 m
l"') for 5

 to 10 m
in, filtered onto 

0
.2

 urn polycarbonate filters (P
oretics] (P

orter &
 F

eig 
1980, K

ing &
 P

arker 1
9
8
8
) an

d
 them

 stained w
ith alcian 

b
lu

e as described above. T
h

e F
T

F
 technique h

as been 
reported to yield accurate estim

ates of 
bacterial ab

u
n

- 
d

an
ces (K

ing &
 P

arker 1988) w
hich w

e could confirm
 

(A
lldredge el al. 1

9
9
3
). 

P
hytoplankton an

d
 T

E
P

 (>
 3 urn) w

ere counted in 20 
to 150 fields on each

 slide at 200x m
agnification w

ith a 
com

pound light m
icroscope. T

E
P (N

) w
ere assigned to 

6
 

size classes 
by 

m
axim

um
 

len
g

th
, w

ith 
each

 size 
increm

ent (d
l) double th

e length of 
th

e previous. T
he 

area of T
E

P w
cis calculated based on m

easu
rem

en
ts of 

the actual size of 20 representive T
E

P
 in each size class 

for each
 set of 

sam
ples. A

lthough the sh
ap

e of T
E

P
 v

ar- 
ied

 an
d

 often w
as am

orphous, T
E

P
 in an

y
 o

n
e sam

ple 
an

d
 size class w

ere of 
sim

ilar sh
ap

e an
d

 th
e area of 

T
E

P
 on filters can be estim

ated fairly accurately w
ith 

this m
ethod (P

assow
 &

 A
L

ldredge u
n

p
u

b
l.). 

T
otal bacteria an

d
 bacteria attach

ed
 to T

E
P

 w
ere 

counted using a Z
eiss epifluorescence m

icroscope at a 
m

agnification of 
8

0
0

x
. T

en fields w
ere counted fro

m
 

each
 of 

2 replicate slides for total bacteria counts. B
ac- 

teria associated w
ith 20 to 30 T

E
P per slide w

ere en
u

- 
m

erated
 by sw

itching b
etw

een
 W

 an
d

 visible L
ight 

an
d

 individual T
E

P
 w

ere sized. T
h

e av
erag

e num
bers 

of 
bacteria per area of 

TEP w
ere calculated for each

 
particle. 

E
stim

ates 
of 

bacteria 
attach

ed
 

to 
T

E
P

 are 
considered conservative because T

E
P are presum

ably 
3-dim

ensional, m
aking enum

eration on 1 p
lan

e diffi- 
cult, an

d
 thin sh

eets of 
T

E
P

 w
ere difficult to discern. 

T
E

P
 concentrations in B

erm
uda sam

ples w
ere too low

 
to en

u
m

erate attach
ed

 bacteria, 
Im

pact of 
form

alin fixation. 
C

ontrols sh
o

w
ed

 that 
form

alin itself d
o

es not interfere w
ith th

e stain
. H

ow
- 

ever, since th
e binding capacity of 

alcian blue d
ep

en
d

s 
on 

th
e 

pH
 

(P
arker 

&
 

D
iboll 

1966, H
orobin 

1988), 
preservation 

techniques 
w

hich 
alter 

the 
p

tl 
of 

th
e 

sam
ple are expected to affect quantitative results. W

e 
fo

u
n

d
 how

ever that sm
all ch

an
g

es in p
H

 (8.2 to 8.7) did 
not ch

an
g

e th
e size or am

ount of 
stain

ed
 particles. 

W
e 

tested th
e im

pact of 
form

alin preservation 
on 

T
E

P
 using sam

p
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A
T

S, 800 m
 

B
A

T
S, 900 m

 
B

A
T

S, 1400 m
 

C
oastal M

B
 

O
cean

ic 

C
oastal M

B
 

C
oastal M

B
 

C
oastal M

B
 

O
ceanic 

O
ceanic 

O
ceanic 

O
ceanic 

C
lear 

C
lear 

D
iatom

s 
D

inoflagellates 
D

inoflagellates + P
h

aeocystis 

C
lear 

C
lear 

D
iatom

s 
C

lear 

19 Jun, 10 m
 

C
oastal SB

 
D

iatom
 bloom

 
24 Jun. 10 m

 
C

oastal S
B

 
D

iatom
 bloom

 
29 Jun, 10 m

 
C

oastal SB
 

D
iatom

 bloom
 

(plankton-rich) zo
n

e th
an

 below
 (for ex

am
p

le: M
on- 

terey B
ay, 26 A

ugust 
1992; F

ig. la
, b

]. T
E

P
 concen- 

trations d
ecreased

 parallel w
ith concentrations of bac- 

terio-, phyto- an
d

 protozooplankton at 20 m
. H

ow
ever, 

concentrations of 
T

E
P

 varied appreciably below
 th

e 
trophogenic zo

n
e an

d
 a relative high ab

u
n

d
an

ce w
a

s 
o

b
serv

ed
 at 300 m

. D
iatom

s w
ere rare at this station. 

an
d

 m
icroplankton w

as dom
inated by dinoflagellates 

an
d

 d
ilates. 

A
b

u
n

d
an

ce an
d

 size of 
T

E
P

 m
ay also vary 

w
ithin 

th
e tio

p
h

o
g

en
ic zone, ap

p
earin

g
 in acco

rd
an

ce w
ith 

ch
an

g
es in th

e plankton com
position (F

ig. {
c, d

). In 
M

onterey B
ay (2

7
 A

ugust 1992), T
E

P
 ab

u
n

d
an

ce w
as 

low
est at 

1
0

 m
, th

e d
ep

th
 of 

th
e diatom

 m
axim

um
 

(105 diatom
s l"'), 

an
d

 highest at 50 m
, th

e low
er en

d
 of 

th
e trophogenic zone. A

t 10 m
 th

e av
erag

e size of T
E

P
 

w
as, how

ever, very large. D
inoflagellates w

a
re

 m
ost 

ab
u

n
d

an
t at th

e surface (
1
0
4
 1-l) an

d
 d

ecreased
 con- 

tinuously w
ith d

ep
th

. A
 sm

all population of 
colonial 

P
haeocystis w

as p
resen

t b
etw

een
 1

0
 an

d
 20 n

l d
ep

th
. 

B
acteria concentrations d

ecreased
 continuously w

ith 
d

ep
th

. 
C

o
m

p
ared

 to coastal stations, concentrations of TEP 
w

ere extrem
ely low

 at all d
ep

th
s (300 to 1400 m

) of th
e 

o
p

en
 ocean station (B

A
T

S
) n

ear B
erm

uda (F
ig. Ie, f). 

A
t M

onterey B
ay (2

6
 A

ugust 1992), for ex
am

p
le, ab

o
u

t 
2500 T

E
P

 m
l-I w

ere observed at 400 in
 w

h
ereas only 

2 T
E

P
 m

l"' prevailed at 400 m
 in th

e o
p

en
 A

tlantic. 
T

otal quantity of T
E

P [expressed as total area) w
as also 

3 to 4 orders of m
ag

n
itu

d
e low

er co
m

p
ared

 to coastal 
w

aters. A
bove 800 m

 an
d

 below
 1000 m

 concentrations 

w
ere very uniform

, but a p
eak

 in TEP num
-bers w

as 
observed at 900 m

. P
lankton concentrations w

ere lo
w

 
(c

 100 cells I
-
')

 at all d
ep

th
s, except at 900 m

. S
everal 

species of 
m

ostly C
haetoceros w

ere observed at con- 
centrations of 

1.6 X 105 cells 1"' 
at 900 m

. 

S
ize distributions 

A
lthough 

total 
ab

u
n

d
an

ce of 
T

E
P

 w
as extrem

ely 
variable, the general sh

ap
es of th

e size freq
u

en
cy

 dis- 
tributions w

ere sim
ilar (F

ig. 2a). A
ll but 2 of 

th
e size 

frequency spectra of 
T

E
P

 analyzed (n
 =

 33) follow
 a 

P
areto (pow

er-law
) distribution (E

q. 1
, F

ig. 2a 10 
cl]. 

H
ow

ever, both at M
onterey B

ay (27 A
ugust) an

d
 at 

B
A

T
S

 th
e sh

ap
es (b-values] of the pow

er-law
 distribu- 

tions at different d
ep

th
s differ (F

ig. 2b, c). W
e classified 

all frequency distributions into 2 m
ain g

ro
u

p
s and 1

 
transition g

ro
u

p
 according to their b-value. T

h
e 2 av

er- 
ag

e b-values representing th
e 2 m

ain groups a
re

 sig- 
nificantly different (S

tudents' t, p <
 0.001). E

xam
ples of 

norm
alized 

frequency distributions (d
N

/N
) a

re
 given 

for each
 g

ro
u

p
 in F

ig. 3. 
In th

e first type of distribution (G
ro

u
p

 1 ) over 95 %
 of 

T
E

P
 occurred in th

e first 2 size classes (c
2

5
 p

m
) and 

m
ore th

an
 6

0
%

 w
ere sm

aller than 10 pm
. T

his g
ro

u
p

 
includes all sp

ectra fitting a 
pow

er-law
 relationship 

w
ith a value of 

b
 b

etw
een

 2
.9

 an
d

 3
.9

 (av
erag

e b =
 

3.3 Â
 0

,3
, m

edian 
b
 = 3

.3
). In this g

ro
u

p
, th

e fit of 
the 

regression lines to the d
ata w

ds extrem
ely tig

h
t, indi- 

cating a good fit to
 the pow

er-law
 distribution. A

ll size 
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 c
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ey
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 c
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d
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 d
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 o
r 
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cy
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is

 
w
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e 
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y 

ab
u

n
d
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t 
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om
e 
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es
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at
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, 
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s 
m

ic
ro

- 
pl

an
kt
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 c
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tr
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w
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ot

he
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g 
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p
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 c
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ta

l 
S
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, f
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m
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m
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 2c
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m

 d
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 d

ep
th

s 
th

e 
va

lu
es

 o
f 

b 
w

er
e 

to
o 

lo
w

 t
o 

qu
al

if
y.
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le
s 
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u
e 

of
 

b 
b

et
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.7
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n
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e 

1.
6 

Â
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 m
ed
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b
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 d
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T
E

P
 (n

o
. ml" 

u
rn

") 
cin

g
 stag

e of a d
iato

m
 bloom

 off S
an

ta B
arb

ara 
(1

9
 an

d
 24 Ju

n
e

 1992; F
ig

. 2
d

) both 
b

elo
n

g
 to 

G
ro

u
p

 2 (b
=

 1.6
 an

d
 2.1 resp

ectiv
ely

]. S
p

ectra of 
T

E
P

 at B
A

T
S

 at 900 m
 (F

ig
. 2c), w

h
e

re
 ab

u
n

- 
d

an
ce of 

C
h

aetoceros so
p

. w
as h

ig
h

, b
elo

n
g

 to 
th

is g
ro

u
p

 as w
ell (

b
 = 1.5). In sam

p
les collected 

at 2 d
ep

th
s off S

an
ta B

arb
ara in

 Ju
ly

 (tifter sed
i- 

m
en

tatio
n

 of a bloom
) an

d
 at 1000 m

 a
t B

A
T

S
, 

T
E

P
 ex

h
ib

ited
 a size d

istrib
u

tio
n

 of 
ty

p
e 2 (

b
 =

 
1

.4
, 1

.5
, 2

.2
), alth

o
u

g
h

 n
o

 p
h

y
to

p
lan

k
to

n
 

w
as 

p
resen

t. 
S

ize d
istrib

u
tio

n
s of T

E
P

 o
b

serv
ed

 in
 th

e
 p

res- 
ence of d

iato
m

s d
id

 not all b
elo

n
g

 in
to

 G
ro

u
p

 2
. 

S
o

m
e sp

ectra ex
h

ib
ited

 b
-v

alu
es too lo

w
 to

 q
u

al- 
ify for G

ro
u

p
 1

 an
d

 too h
ig

h
 for G

ro
u

p
 2 (tran

si- 
tion g

ro
u

p
). S

am
p

les co
llected

 at an early
 stag

e 
of 

th
e d

iato
m

 bloom
 (b

 =
 2

.7
) a

n
d

 th
e sam

p
le 

fro
m

 M
o

n
terey

 B
ay fro

m
 

10 m
 

o
n

 27 A
u

g
u

st 
1992 (

b
 =

 2.6; F
ig. 

2
b

) w
h

ere d
iato

m
s 

w
ere 

d
o

m
in

atin
g

 a m
ixed su

m
m

er d
sscin

b
lag

e, h
av

e 
sp

ectra of T
E
P
 b

elo
n

g
in

g
 to th

e tran
sitio

n
 g

ro
u

p
. 

In 
all sam

p
les ex

h
ib

itin
g

 sp
ectra b

elo
n

g
in

g
 to 

th
e tran

sitio
n

 g
ro

u
p

 d
iato

m
s d

o
m

in
ated

 p
h

y
to

- 
p

lan
k

to
n

, ex
cep

t 
a

t d
ep

th
s below

 
1

0
0

0
 m

 at 
B

A
T

S, 
w

h
ere 

n
o

 
p

h
y

to
p

lan
k

to
n

 
w

as 
p

resen
t 

(F
ig

, 2c). 
S

ize d
istrib

u
tio

n
s of T

E
P

 o
b

serv
ed

 d
u

rin
g

 th
e 

late floccing stag
e of a d

iato
m

 bloom
 off 

S
an

ta 
B

arb
ara (1

0
 m

) had a d
ifferen

t sh
a

p
e

 (F
ig

. 2
d

). 
T

h
e size d

istrib
u

tio
n

s of 
T
E
P
 from

 26 an
d

 29 
Ju

n
e

 1
9

9
2

, w
h

en
 th

e bloom
 w

as fully flo
cced

, 
d

id
 n

o
t follow

 a p
o

w
er-law

 d
istrib

u
tio

n
 a

n
d

 d
id

 
not fit in eith

er g
ro

u
p

. 
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u
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(M
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0

0
m

 G
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 1
 

1 
-.* 

B
acteria attach

ed
 to T

E
P 

T
h

e n
u

m
b

er of 
b

acteria attach
ed

 to in
d

iv
id

u
al 

T
E

P
 w

as n
o

t co
rrelated

 to th
e size of 

th
e resp

ec- 
tive T

E
P

 (F
ig

. 4
a). M

o
st T

E
P

 w
e

re
 sm

aller th
an

 

BOO 

F
ig. 2. S

ize distributions of 
T

E
P

 in the field. (a) T
otal 

abundance (sum
 of 

N
) ranges from

 25 to 5000 T
E

P
 

m
l
.
 Three exam

ples from
 S

anta B
arbara (S

B
) 24 Ju

ly
 

at 1
0
 m

 (b
 = 2.8) and M

onterey B
ay (M

B
) near-shore 

26 A
ugust at 5 m

 (b
 =

 3.0) an
d

 offshore 27 A
ugust at 

76 m
 (b

 = 3
.0

). (b
, c) T

he shape of 
the size distribution 

of 
T

E
P m

ay vary w
ith depth. E

xam
ples from

 (b
) M

on- 
terey B

ay (M
B

) 27 A
ugust at 5

, 10 and 20 m
 (fa= 3

.0
,2

.6
 

and 3.4 respectively) and (c) B
A

T
S at 300. 800, 900 and 

1400 m
 (b

 =
 3.6, 3

.3
, 2

.2
 and 2.8 respectively). (d

) T
he 

shape of the size distributions of TEP m
ay change dur- 

ing the flocculation of 
diatom

 bloom
s. E

xam
ple from

 
the S

anta B
arbara channel during a C

h
aetoceros spp. 

bloom
 at 10 m

 depth on 19, 24 and 29 Ju
n

e (b
 =

 1.6, 
2

.1
 respectively, 29 June does not follow

 a pow
er-law

 
distribution] 

Ju
n

e: G
ro

u
p

 2 

2
9

 June 
/ 

n
o

 g
ro

u
p

 
/ 

/ 

,
 

A' 
.. 

"S
 

A-" 
N

 
T

E
P

 len
g

th
 (urn) 



P
as

so
w

 &
 A

Jl
dr

ed
cf

e-
 D

is
tr

ib
ut

io
n 

of 
tr

a
n

s
p

a
re

n
t 

px
op

ol
ym

cr
 p

dr
tic

la
s 

L
 

W
 

I-
 - 

- 
Q 

2
6

 A
u

g
u

st
 1

0m
 

0
 

Q 
G

ro
u

p
 1

 

-
.

 

v 
2
9
 J

u
n
e 

1
0

m
 
' 

n
o
 g
ro

up
 
' 

F
ig

. 
3.

 N
or

m
al

iz
ed

 s
iz

e-
fr

eq
ue

nc
y 

di
st

ri
bu

ti
on

s 
of 

T
E

P.
 E

xa
m

pl
es

 o
f 

th
e 

4 
di

ff
er

en
t 

ty
pe

s 
of 

di
st

ri
bu

ti
on

s 
ob

se
rv

ed
. 

T
h

e 
di

st
ri

bu
ti

on
 

fr
om

 
26

 A
ug

us
t 

be
lo

ng
s 

to
 G

ro
up

 1
 (

no
n-

di
at

om
s)

, 
th

at
 f

ro
m

 2
4 

Ju
n

e 
to

 G
ro

up
 2

 (
fl

oc
ci

ng
 d

ia
to

m
s)

, 
th

at
 f

ro
m

 2
7 

A
ug

us
t t

o 
th

e 
tr

an
si

ti
on

 g
ro

up
 (

n
o

n
- 

fl
oc

ci
ng

 d
ia

to
m

s)
 a

nd
 t

ha
t 

fr
om

 2
9 

Ju
n

e 
do

es
 n

ot
 

fit
 i

nt
o 

an
y 

ca
te

go
ry

 (
fl

ee
ce

d 
di

at
om

s)
 

1
0

0
 

T
E

P
 l

en
g

th
 (u

rn
) 

50
 u

rn
 a

n
d

 c
ar

ri
ed

 l
es

s 
th

an
 

10
0 

b
ac

te
ri

a,
 

bu
t 

up
 t

o 
90

0 
ba

ct
er

ia
 w

er
e 

ob
se

rv
ed

 p
er

 
pa

rt
ic

le
. S

ta
in

ab
le

 t
hi

n 
sh

ee
ts

 o
f 

T
E

P
, e

sp
e-

 
ci

al
ly

 v
er

y 
la

rg
e 

o
n

es
 (

3
 20

0 
pm

),
 c

ar
ri

ed
 

co
m

pa
ra

bl
y 

lo
w

 a
b

u
n

d
an

ce
s 

of 
ba

ct
er

ia
. 

H
ow

ev
er

, 
th

e 
ba

ct
er

ia
l 

ab
u

n
d

an
ce

 p
er

 
ar

ea
 o

f 
T

E
P

 is
 a

 s
ig

ni
fi

ca
nt

 f
un

ct
io

n 
of 

T
E

P
 

si
ze

 (
F

ig
. 4
b)

. W
h

er
ea

s 
sm

al
l T

E
P

 (
c

 1
0

 p
m

) 
h

ad
 2

 b
ac

te
ri

a 
at

ta
ch

ed
 p

er
 p

n-
i2

, l
es

s 
th

an
 

0.
1 

ba
ct

er
ia

 w
er

e 
at

ta
ch

ed
 p

er
 u

rn
2 

of 
T

E
P

 
on

 T
E
P
 >

 1
00

 p
m
.
 T

h
er

e 
w

as
 n

o 
ap

p
re

ci
a-

 
bl

e 
di

ff
er

en
ce

 in
 b

ac
te

ri
al

 d
en

si
ty

 b
et

w
ee

n
 

TE
P 

co
ll

ec
te

d 
d

u
ri

n
g

 t
h

e 
di

at
om

 b
lo

om
 a

n
d

 
T

E
P

 c
ol

le
ct

ed
 a

t 
ot

he
r 

ti
m

es
. 

T
ot

al
 a

b
u

n
d

an
ce

 o
f 

ba
ct

er
ia

 i
n 

a 
sa

m
p

le
 

w
as

 n
ot

 c
or

re
la

te
d 

to
 t

ot
al

 q
ua

nt
it

y 
of 

T
E

P 
(F

ig
. 5

a
).

 T
h

e
 f

ra
ct

io
n 

of 
ba

ct
er

ia
 a

tt
ac

h
ed

 
to

 T
E

P
 (

F
ig

. 5
b

) g
en

er
al

ly
 r

an
g

ed
 b

et
w

ee
n

 
2 

an
d

 2
5 

%
 (

1
 e

xc
ep

ti
on

 o
n 

27
 A

ug
us

t 
19

92
 

at
 5

0 
m

: 
8

9
%

).
 N

o 
di

ff
er

en
ce

 i
n 

at
ta

ch
ed

 
ba

ct
er

ia
 

w
as

 o
bs

er
ve

d 
b

et
w

ee
n

 T
E

P
 c

ol
- 

le
ct

ed
 d

ur
in

g 
th

e 
di

at
om

 b
lo

om
 s

tu
dy

 a
nd

 
T

E
P

 c
ol

le
ct

ed
 a

t 
ot

he
r 

ti
m

es
. 

NO
N-

di
at

om
 

0
 

D
IA

T
O

M
 

T
E
P
 i

n
 c

u
lt

u
re

s 

A
b

u
n

d
an

ce
 

T
E

P
 f

ou
nd

 
in

 
b

at
ch

 
cu

lt
ur

es
 o

f 
di

at
om

 
sp

ec
ie

s 
ge

ne
ra

ll
y 

h
ad

 
a 

si
m

il
ar

 
ov

er
al

l 
ap

p
ea

ra
n

ce
 t

o 
T
E
P
 f

ou
nd

 i
n 

n
at

u
re

. 
H

ow
- 

ev
er

, a
b

u
n

d
an

ce
 a

n
d

 s
iz

e 
of

 T
E

P
 g

en
er

at
ed

 
by

 
di

ff
er

en
t 

sp
ec

ie
s 

di
ff

er
ed

 a
pp

re
ci

ab
ly

 
(T

ab
le

 
2)

. 
T

E
P

 
o

b
se

rv
ed

 
in

 
cu

lt
ur

es
 
of
 

C
h

a
e

lo
ce

ro
s 

gr
ac

il
is

 w
er

e 
ve

ry
 s

m
al

l 
(3

 to
 

5 
pm

, 
av

er
ag

e 
4 
p
m
)
 a

n
d

 c
o

m
m

a-
sh

ap
ed

 

T
E

P
 le

n
g

th
 (u

rn
) 

F
ig

. 4
 

(a
) T

ot
al

 n
um

be
r 

ab
un

da
nc

e 
of

 b
ac

te
ri

a 
pe

r 
in

di
vi

du
al

 T
E

P
 v

er
su

s 
si

ze
 of

 t
he

 re
sp

ec
ti

ve
 T
EP
. 

[b
) B

ac
te

ri
a 

de
ns

it
y 

pe
r 

ar
ea

 T
E
P
 v

er
su

s 
th

e 
si

ze
 

of 
th

e 
re

sp
ec

ti
ve

 T
E
P
 



M
ar. E

col. Prog. Ser. 113; 185-1 98, 1994 

0
 

N
o

n
-d

iato
m

 ty
p

e
 

A
 

D
iato

m
-typ

e 

0
 N

o
n

-d
iatam

 ty
p

e
 

A
 

D
iato

m
-typ

e 

0
 

1 
2 

T
o

tal A
rea o

f T
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 m
l" 

w
ithin th

e first 2 d
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25 p
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e m
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 p
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 b
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 b
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 D
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differential settling) governing coagulation 
lo5 

(H
u

n
t1

9
8

0
,1

9
8

2
). 

4
 

10 
1
2
 

A
s dissolution is faster for sm

aller th
an

 for 
1 

2 
6
 

a 
larger particles the slope of 

the resulting 
In

o
cu

latio
n

 
d

a
y

s
 

size distribution w
ould d

ecrease (sm
aller b

) 
if only dissolution occurred (L

erm
an

 1979). 
1 

b 
i 

0
 o m

in
u

te
s

 

0
 

8 m
in

u
tes 

A
 

2
0
 m

in
u

tes 

c
 

- 
1

0
 
1
 

Q
. 

- 

"
A
 

F
r,igm

entation or 
disaggregation 

on 
the 

other hand lead to a residual distribution 
w

ith ~
i
 

steep
er slope (b

 larg
er, m

o
re sm

aller 
particles) (L

erm
an 1

9
7

9
). F

iltration rnecha- 
nism

s, like grazing of zooplankton, m
ay not 

ch
an

g
e the sh

ap
e of 

th
e curve (if they are 

effective over th
e w

hole sixe ran
g

e), b
u

t 
red

u
ce 

the 
total 

n
u

m
b

er 
of 

particles 
(ch

an
g

e in
 A

). 
It is not know

n w
hich processes signifi- 

cantly alter ab
u

n
d

an
ce an

d
 distribution of 

T
E

P
. T

h
e sh

ap
es of 

size distributions m
ay 

indicate w
h

ich
 processes 

are of 
prim

ary 

5
0
 

1
0
0
 

3
0
0
 

im
portance for T

E
P

. In the follow
ing discus- 

sion the size spectra of 
T

E
P

 observed in 
T

E
P

 length (urn) 
different 

environm
ents w

ill 
b

e 
analyzed, 

F
ig. 7. (a) C

h
an

g
e of b

-v
alu

e d
u

rin
g

 g
ro

w
th

 of C
h

acio
cero

s gracilis. C
ell 

m
ak

in
g

 th
e foU

ow
ina assum

ptions: 
co

n
cen

tratio
n

 
w

as determ
ined daily. 

(b
) C

h
an

g
e in

 th
e sh

ap
e of 

size 
(1) A

 pow
er-law

 distribution w
ith 

b
 =

 4 
spectra of T

E
P

 d
u

rin
g

 flocculation of 
C

. gracilis 
represents a theoretical steady-state situa- 
tion, w

h
ere production of 

sm
all TEP is bal- 

T
h

eo
ry

 of size sp
ectra an

d
 assum

ptions 
an

ced
 b

y
 loss of coagulated T

E
P

. W
e w

iEl use this value 
as a reference point in our discussion. 

P
article 

size 
distributions 

reflect 
interactions 

be- 
(2

) For steady-state conditions to occur particles m
ust 

tw
een particles. M

arine particulate m
atter can g

en
er- 

b
e generated continuously into the low

 en
d

 of th
e size 

ally be fitted by a pow
er-law

 distribution. T
h

e sh
ap

e of 
spectra. T

E
P

 is form
ed from

 dissolved excretion prod- 
size distributions of 

rndrine su
sp

en
d

ed
 particles b

e- 
ucts of 

phytoplankton via coagulation of 
m

icrofibrils 
tw

een l to l0
0

 p
m

, or ev
en

 up to l0
0

0
 p
m
,
 ap

p
ear to be 

(A
lldredge et 

al. 1993, P
assow

 
et 

al. 1994). N
ew

ly 
essentially constant as reflected in a constant value of 

form
ed T

E
P

 w
ill accordingly b

e introduced 
into th

e 
th

e logarithm
ic slope of th

e size distributions (
b

 =
 4

) 
low

 en
d

 o
f th

e size spectrum
. 

(S
heldon et al. 1

9
7

2
, L

al &
 L

erm
an 1

9
7

5
, L

erm
an et al. 

(3
) A

s T
E

P
 are relatively larg

e but d
o

 not sink ap
p

re- 
1977, H

u
n

t 
1980, 1982, M

cC
ave 

1984). R
easons 

tor 
ciably (u

n
p

u
b

l. d
ata), it is assum

ed thai coagulation of 
such a constant size distribution of m

arin
e su

sp
en

d
ed

 
T

E
P

 is dom
inated by sh

ear. 
m

atter are, how
ever, controversial an

d
 it has been su

g
- 

(4) F
urtherm

ore, 
it 

w
ill 

b
e 

assum
ed 

that 
T

E
P

 is 
g

ested
 that 

distributions of 
individual particle 

types 
prim

arily 
g

en
erated

 by phytoplankton 
an

d
 that pro- 

m
ay not follow

 a p
o

w
er-law

 distributions, but that th
e 

duction of T
E

P
 ceases in th

e ab
sen

ce of phytoplankton. 
overall distributions are m

ad
e u

p
 of log-norm

al distrib- 
P

resum
ably T

E
P

 is also g
en

erated
 by excretion prod- 
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 f
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 d
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 b
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 p
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e 

b-
va

lu
e 

w
as

 v
er

y 
hi

gh
 (

4
.2

) 
an

d
 c
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at
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at
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at
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 d
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l p
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ra
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T
E
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h
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 d
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n
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h
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p
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b
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h
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p
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h
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n
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 b
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 d
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 t
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 f
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 f
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lo
om

s 
m

ay
 r

ef
le

ct
 i

n
 p

ar
t 

th
e 

fr
ac

ta
l 

n
at

u
re

 o
f 

T
E

P
 a

g
g

re
g

at
es

. 

In
 t

h
e 

p
re

se
n

ce
 o

f 
no

n-
di

at
om

 p
hy

to
pl

an
kt

on
 

S
iz

e 
sp

ec
tr

a 
of 

T
E

P
 i

n 
th

e 
p

re
se

n
ce

 o
f 

n
o

n
-d

ia
to

m
 

ph
yt

op
la

nk
to

n 
b

el
o

n
g

ed
 t

o 
G

ro
u

p
 1

. T
h

es
e 

d
is

tr
ib

u
- 

ti
on

s 
m

ay
 

re
p

re
se

n
t 

co
nd

it
io

ns
 

n
ea

r 
st

ea
d

y
 

st
at

e,
 

w
h

er
e 

co
ag

ul
at

io
n 

of 
T

E
P

 is
 b

al
an

ce
d

 b
y 

pr
od

uc
ti

on
 o

f 
T

E
P

. 
L

ar
g

e 
ag

g
re

g
at

es
 w

er
e 

n
ev

er
 o

b
se

rv
ed

 a
t 

th
es

e 
st

at
io

ns
, 

m
ak

in
g

 a
n

 a
p

p
re

ci
ab

le
 l

os
s 

of 
T

E
P

 d
u

e 
to

 
si

nk
in

g 
un

li
ke

ly
. 

If 
lo

ss
 w

as
 l

ow
, 

bo
th

 p
ro

d
u

ct
io

n
 a

n
d

 
co

ag
ul

at
io

n 
of 

T
E

P
 m

us
t 

h
av

e 
b

ee
n

 lo
w

. S
iz

e 
sp

ec
tr

a 
of 

T
E

P 
ob

se
rv

ed
 i

n 
th

e 
p

re
se

n
ce

 o
f 

n
o

n
-d

ia
to

m
 p

hy
to

- 
p

la
n

k
to

n
 n

ev
er

 b
el

o
n

g
ed

 t
o 

G
ro

u
p

 2
 o

r 
th

e 
tr

an
si

ti
on

 
g

ro
u

p
, 

w
hi

ch
 

al
so

 i
n

d
ic

at
es

 
th

at
 

co
ag

u
la

ti
o

n
 n

ev
er
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dom
inated size distributions of T

E
P

 in th
ese sam

ples. 
L

ow
 

coagulation 
rates 

su
g

g
est that 

T
E

P
 

from
 n

o
n

- 
diatom

 phytoplankton m
ay be less sticky than diatom

- 
T

E
P

. T
h

e h
ig

h
er 

b-values m
ay furtherm

ore indicate 
that non-diatom

 TEP is less fractal than T
E

P
 g

en
erated

 
by diatom

s. In th
e ab

sen
ce of 

phytoplankton 

T
h

e 
size 

distributions 
of 

T
E

P
 

in 
th

e 
ab

sen
ce 

of 
phytoplankton w

ere not predictable an
d

 presum
ably 

d
ep

en
d

 o
n

 th
e phytoplankton assem

b
lag

e w
hich g

en
- 

erated
 T

E
P prior to sam

p
lin

g
. In July, after the sed

i- 
m

entation of 
th

e diatom
 bloom

, th
e size distribution of 

T
E

P
 belonged to G

roup 2 an
d

 probably reflected th
e 

flocced 
bloom

, 
alth

o
u

g
h

 
phytoplankton 

(an
d

 
m

ost 
T

E
P

) h
ad

 sedirnented. A
 T
E
P
 size spectra belonging to 

G
roup 2 w

as also observed at 1000 m
 at B

A
T

S
, below

 
th

e layer ab
u

n
d

an
t in C

haetoceros sp
p

. S
ize distribu- 

tions of 
T

E
P

 fro
m

 below
 the euphotic zone (oceanic 

an
d

 coastal) g
en

erally
 belonged to G

roup 1
. A

s T
E

P
 

are presum
ably 

not 
g

en
erated

 
below

 
the 

eu
p

h
o

tic 
zone, an

d
 as th

e sinking velocity of 
individual T

E
P

 
m

ust be very sm
all, it m

ay be concluded that processes 
ch

an
g

in
g

 distributions of 
non-diatom

 T
E

P
 are slow

. 

C
o

n
clu

sio
n

s from
 analysis of size sp

ectra 

O
ur 

field 
d

ata 
su

g
g

ests 
that 

T
E

P 
g

en
erated

 
by 

diatom
s 

differ 
from

 
non-diatom

 
T

E
P

. 
D

iatom
 

T
E

P
 

ap
p

ear to be m
ore fractal an

d
 exhibit a h

ig
h

er slicki- 
ness. T

E
P

 p
ro

d
u

ced
 by different diatom

 sp
ecies also 

differ. T
h

e size spectra of 
T

E
P

 g
en

erated
 by diatom

s 
furtherm

ore differ d
ep

en
d

in
g

 on th
e d

eg
ree of fioccu- 

lation of the diatom
s. P

ossibly, the spectra of T
E

P
 g

en
- 

erated
 by diatom

s m
ay be u

sed
 to m

ak
e predictions 

ab
o

u
t th

e d
eg

ree of flocculation of 
cells, as th

e coagu- 
lation of 

T
E

P
 ap

p
ears to p

reced
e th

e m
acroscopically 

visible 
flocculation 

of 
the 

bloom
. 

O
f 

all 
processes 

potentially altering size distributions of T
E

P
, only coag- 

ulation of 
T

E
P

 g
en

erated
 by diatom

s w
as conspicuous. 

A
ll other processes seem

ed
 com

parably slow
 an

d
 size 

distributions of 
non-diatom

 T
E

P
 ap

p
eared

 to rem
ain 

u
n

ch
an

g
ed

 over long periods, thus occurring even at 
g

reat d
ep

th
s. B

acteria associated w
ith T

E
P

 

T
h

e ab
u

n
d

an
ce of 

bacteria attach
ed

 to T
E

P
 w

as not 
directly related

 to size of T
E

P
. B

acteria density on T
E

P
, 

how
ever, d

ecreased
 w

ith increasing size of T
E

P
. A

 sim
- 

ilar d
ecrease in specific bacterial density w

ith ag
g

re- 

g
ate size (bacteria per ag

g
reg

ate w
eight vs ag

g
reg

ate 
size) occurs on m

arine snow
 (A

lldredge &
 G

otschalk 
1

9
9

0
). T

h
e d

ecrease of bacterial density w
ith T

E
P
 size 

m
ay

 b
e an

 artefact of 
m

easuring T
E

P
 collapsed on fil- 

ters (in 2 dim
ensions). T

E
P

 are presum
ably 3-dim

en- 
sional 

an
d

 
often 

fractal 
w

h
en

 
su

sp
en

d
ed

. 
B

acteria 
them

selves m
ay also influence the size of 

T
E

P, either 
by degradation or by generation of 

alcian b
lu

e stain
- 

ab
le m

ucous. B
acteria attaching to surfaces h

av
e been 

found to excrete extracellular polysaccharides ab
u

n
- 

dantly 
(D

erho 
1990, C

ow
en 

1992, V
andevivere 

&
 

K
irchrnan 

1993). T
h

e 
high 

variability 
of 

bacterial 
attachm

ent w
ithin one size class m

ay be caused by d
if- 

ferences in d
eg

ree o
f colonization, ag

e or com
position 

of T
E

P
. 

T
h

e relationship 
b

etw
een

 total n
u

m
b

er of 
bacteria 

an
d

 total quantity of T
E

P
 d

o
es not indicate th

at bacte- 
ria ab

u
n

d
an

ce is increased 
by th

e p
resen

ce of 
T

E
P

. 
T

h
e larg

e quantity of T
E

P during the floccing diatom
 

bloom
 w

as not paralleled by a respective in
crease in 

bacteria for ex
am

p
le. F

rom
 this it m

ay be concluded 
that T

E
P

 is not alw
ays a preferred en

erg
y

 source pro- 
m

oting grow
th of bacteria an

d
 no sim

ple relationship 
exists b

etw
een

 T
E

P
 and bacteria ab

u
n

d
an

ce. T
h

e per- 
cen

tag
e 

of 
bactcrid 

associated 
w

ith 
T

E
P

, 
how

ever, 
ap

p
ear to d

ep
en

d
 

w
ithin 

certain 
restrictions on th

e 
total area of 

T
E

P
. T

his could 
indicate that 

bacteria 
colonize TEP according to the surface area available, 
rather than extensively grow

 on T
E

P
. 

W
ith one exception, less th

an
 2

5
%

 of 
all bacteria 

w
ere associated w

ith T
E

P. T
h

ese values are low
er than 

those reported by us earlier [A
lldredge et al. 1993, P

as- 
sow

 et al. 1
9

9
4

). T
his difference is partially d

u
e to use 

of a different, possibly m
o

re accurate, w
ay of 

calculat- 
ing 

th
ese p

ercen
tag

es. V
alues given in 

the 
present 

p
ap

er should be view
ed as low

er estim
ates, w

h
ereas 

earlier estim
ates rep

resen
ted

 u
p

p
er lim

its. 
In 

m
arine 

pelagic 
environm

ents attach
ed

 bacteria 
arc generally reported to account for less than 5

 %
, an

d
 

rarely m
ore than 1

0
%

, of the total bacteria assem
b

lag
e 

(H
odson et al. 1981, L

inley &
 F

ield 
1982). T

E
P

 con- 
tributes appreciably 

to 
m

arine 
snow

 
(m

acro
-ag

g
re- 

g
ates), but as m

arine snow
 ag

g
reg

ates are generally 
rare, 

less 
th

an
 

5
%

 of 
all 

bacteria 
are 

attach
ed

 
to 

m
arine 

snow
 

(A
lldredge 

et 
al. 

1986, A
lldredge 

&
 

G
otschalk 

1990). H
igher p

ercen
tag

es (1
0

 to 2
0

%
) of 

attach
ed

 bacteria w
ere only found in river plum

es or 
estuaries w

h
ere allochtonous detrital m

aterial is ab
u

n
- 

d
an

t and turbidity high (D
ucklow

 &
 K

irchm
an 

1983, 
P

ainchaud &
 T

herriault 1989). 
W

e believe 
that 

previous 
studies w

hich 
h

av
e not 

considered T
E

P
-attached bacteria 

m
ay 

have 
u

n
d

er- 
estim

ated the p
ercen

tag
e of 

attach
ed

 form
s. B

acteria 
attach

ed
 to T

E
P

 m
ay have to be ad

d
ed

 to num
bers of 

attach
ed

 
bacteria 

derived 
by 

m
ost 

m
eth

o
d

s. M
any 
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m
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ho
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el
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iz
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 s
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H
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 P
re

li
m

in
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y 
te

st
s 

sh
ow

ed
 t

ha
t 

T
E

P
 i

s 
ex

tr
em

el
y 

fl
ex

ib
le

 a
n

d
 t

ha
t 

T
E

P
 s

ev
er
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 t

en
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 p

m
 i
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si

ze
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an
 b
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pa

ss
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hr
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gh
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 1
i1
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U
nd

er
 t

he
 

m
ic

ro
sc

op
e,

 b
ac

te
ri

a 
at

ta
ch

ed
 t

o 
T

E
P

 w
ou

ld
 b

e 
ic

le
nt

i-
 

fi
ed

 a
s 

fr
ee

 b
ac

te
ri

a 
w

it
ho

ut
 o

ur
 d

ou
bl

e-
st

ai
ni

ng
 t

ec
h-

 
ni

qu
e.

 
W

it
ho

ut
 

st
ai

ni
ng

 
on

ly
 

T
E

P
 

w
hi

ch
 

ar
e 

ve
ry

 
de

ns
el

y 
co

lo
ni

ze
d,

 
an

d
 

ly
in

g 
in

 
ba

ct
er

ia
-p

oo
r 

sn
r-

 
ro

un
di

ng
s,

 w
ill

 b
e 

re
co

gn
iz

ed
 a

s 
pa

rt
ic

le
s.

 I
n 

a 
de

ta
il

ed
 

m
ic

ro
sc

op
ic

al
 

in
ve

st
ig

at
io

n 
L

in
le

y 
&

 
F

ie
ld

 
(1

98
2)

 
de

sc
ri

be
 

th
e 

di
ff

er
en

t 
ki

nd
 o

f 
ba

ct
er

ia
l 

as
so

ci
at

io
ns

 
th

ey
 f

ou
nd

 o
n 

th
e 

w
es

t 
co

as
t 

of
f 

S
ou

th
 A

fr
ic

a.
 A

bo
ut

 
8

5
%

 
of 

al
l 

m
ic

ro
-a

gg
re

ga
ti

on
s 

th
ey

 
ob

se
rv

ed
 

ar
e 

de
sc

ri
be

d 
as

 'g
el

at
in

ou
s 

ag
g

re
g

at
es

' w
hi

ch
, a

cc
or

di
ng

 
to

 t
he

 d
es

cr
ip

ti
on

 g
iv

en
, 

m
ay

 b
e 

id
en

ti
ca

l 
w

it
h 

la
rg

e 
an

d
 h

ea
vi

ly
 c

ol
on

iz
ed

 T
E

P
. I

n 
th

ei
r 

st
u

d
y

, a
bo

ut
 5

 %
 o

f 
al

l 
ba

ct
er

ia
 w

er
e 

at
ta

ch
ed

 a
n

d
 4

%
 w

er
e 

at
ta

ch
ed

 t
o 

th
e 

'g
el

at
in

ou
s 

ag
g

re
g

at
es

'. 
B

ec
au

se
 

of
 

th
e 

tr
an

s-
 

pa
re

nc
y 

of 
TE
P,
 a 

la
rg

e 
fr

ac
ti

on
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f 
ba

ct
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ia
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ss
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d 
w
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h 
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b
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 o
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ty

 i
n

 t
he

 
re

la
ti

ve
 s

ig
ni

fi
ca

nc
e 

of
 T

E
P

 f
or

 a
g

g
re

g
at

io
n

, a
s 

a 
fo

od
 

so
ur

ce
 f

or
 z

oo
pl

an
kt

on
, 

in
 t

h
e 

ca
rb

on
 c
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m
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S
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n
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C
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n
d

 C
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 s
p
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u
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uc
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K
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yg
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m
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m
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T

E
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n
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u
b
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 d
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 T

E
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 o
r 

T
E

P
-l
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e 

m
uc
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pa
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le
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al
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m
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R
ho
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m
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(K

io
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H
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n
 

1
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9
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).
 

C
ol

on
ia

l 
P
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ho
w

ev
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do
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en
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T
E
P
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pt
 w

h
en

 c
ol
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s 
ar
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di
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P
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w
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1
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9
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 I
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us
 a

p
p
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T
h
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h
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E
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ia

to
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 c
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m
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in

e 
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T
E
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 m
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 b
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oo
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an

kt
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H
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ev
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w
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E
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u
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u
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n
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 f
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u
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u
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 S
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TE
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o

b
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m
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se

n
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