
¡3 3 ^
I n s f i ï w f  v ^ r  ?-->• . .

Deep-Sea Research, 1976. Vol, 23, pp, 1067 to 1073. Pergam on Press. Printed in Great Britain

I N S T R U M E N T S  AND M E T t f Ö D S

•a»v - i'n.

S i .

Improved filtration system s for m ultiple-serial plankton sam plers and
their deployment

A . R . L o n g h u r s t * a n d  R . W il l i a m s *

(R ece ived  17 O ctober  1975; in revised  fo r m  16 M a rch  1976; accep ted  6 A p r il  1976)

A b s tra c t—T h e  sam p lin g  c h a ra c te r is tic s  o f th e se  in s tru m e n ts  c an  b e  im p ro v ed  to  th e  e x te n t th a t  s im p le  
d esign  c r ite r ia  a re  satisfied  : m in im a l lo n g  ax is  a n d  m esh  p re ssu re , m a xim a l flow  th ro u g h  th e  re c o rd e r . T w o  
n ew  sy stem s  a re  desc rib ed  w h ich  a p p e a r  to  g ive im p ro v ed  p e rfo rm a n c e  a n d  h a v e  b een  u sed  o p e ra tio n a lly  a t 
sea. O n e  is a  sm all system  fo r u se  o n  vessels w ith  re s tr ic te d  deck  space , th e  o th e r  a  la rg e r sy stem  fitted  
w ith  a  new  re c o rd e r  b o x  h a v in g  a  very  la rg e  filtering  a re a  a n d  active  b a c k w a rd  w a te r  t r a n s p o r t  a ch iev ed  
w ith  a n  im p e lle r system . I t  is a lso  su g g ested  th a t  s tu d ie s  o f \e r t ic a l  b io tic  s tru c tu re  a re  b e tte r  p e rfo rm ed  
w ith  o b liq u e , ra th e r  th a n  v e rtic a l, L H P R  hauls.

I N T R O D U C T I O N

S e c o n d  generation  m ultip le-serial p la n k to n  re­
co rders, o r L H P R ’s (L o n g h u rs t-H a rd y  P la n k to n  
R ecorders) as they  have com e to be called, a re  the 
resu lt o f th e  com m ercial d ev e lo p m en t o f stab le  
an d  reliab le electron ic circu itry , based  on  logic 
en tire ly  different from  th a t o f th e  p ro to ty p e  
( L o n g h u r s t ,  R e i t h ,  B o w e r  a n d  S e i b e r t ,  1966); 
using  this new  circuitry , L H P R  d ep lo y m en t o n  a 
5 -year ecosystem  analysis p ro g ra m m e at O cean  
W e a th e r  Sta. IN D IA  (59r 0 0 'N  19 '00 'W ), in  the 
n o r th e a s t A tlantic , has been com pleted  w ith  a  
success ra te  o f 90% over a  to ta l o f 154 L H P R  
hauls.

H ow ever, relatively  little  a tte n tio n  has been 
given to  the  developm ent o f second-genera tion  
filtra tio n  system s for these new  reco rd ers  in  o rd er 
to  overcom e such  p rob lem s as the  h an g -u p  of 
organism s, know n  to be in h e ren t in  the  p ro to ty p e  
( L o n g h u r s t ,  R e i t h ,  B o w e r  an d  S e i b e r t ,  1966) 
an d  subsequen tly  show n by H a u r y  (1973) and  
F a s h a m ,  A n g e l  an d  R o e  (1974) to  be an  im ­
p o r ta n t  source  of e rro r  u nder som e circum stances.

I t  is o u r p u rp o se  in  this n o te  to  d iscuss som e 
recen t developm ents in system  design, an d  to  
suggest som e ways o f im prov ing  the  perfo rm ance 
of cu rren tly  dep loyed  L H P R s; a lth o u g h  we have 
no  exact in fo rm ation , we believe th a t ra th e r  m ore  
th a n  20 L H P R  system s are  p resen tly  in  the  hands 
of p lan k to lo g is ts  an d  th a t these are based  on

betw een 5 an d  10 different filtra tion  system s, none 
of w hich appears to  have been rigo rously  tested.

P E R F O R M A N C E  O F  L H P R  F I L T R A T I O N  S Y S T E M S

It is necessary  to  assum e, in analysing  d a ta  from  
an  L H P R  haul, th a t th e  p la n k to n  ca u g h t on  the 
filtering  gauze w ith in  the  reco rder represen ts, for 
each  step  o f the gauze, the  organism s filtered from  
th e  w ater a t the d ep th s, tem p era tu re s  an d  flow 
ra tes registered  by the  L H P R  d u rin g  th a t 
p a rticu la r  gauze-step , usua lly  o f 30- to  120-s 
d u ra tio n . T his assu m p tio n  is valid only  (i) if the 
tim e taken  for the filtered organism s to  pass from  
the m o u th  of the ne t on  to  the  filtering  gauze is 
sh o r t in  re la tion  to  th e  selected  s tepp ing  period , 
an d  (ii) if som e of the  organism s w hich en te r the 
m o u th  do  n o t hang-up  o n  the  conical net, la te r to 
pass singly o r clum ped  to  the  filtering  gauze. 
H a u r y  (1973) has exam ined  these  processes 
experim entally  w ith a  vertically -hau led  L H P R  of 
a  design likely to  m axim ize them : th a t is, it  h ad  a 
low  m esh a p e rtu re /m o u th  a re a  ra tio  (T able 1), a 
long itud inal axis of relatively  la rge d im ension  and 
a constric ted  flow th ro u g h  th e  reco rder. P re ­
dic tab ly , he was ab le to  d em o n stra te  th a t 
residence tim e of o rganism s w ith in  th e  net was 
rela ted  to  tow ing  speed and  to  th e  n a tu re  of the

* N E R C  (N a tu ra l  E n v iro n m e n t R esearch  C o u n cil) In s ti tu te  
fo r M a r in e  E n v iro n m e n ta l R ese a rch , P ly m o u th , U .K .
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T a b le  1. D im e n s io n s  o f  p ro to ty p e  L H P R , th e  d e riv a tiv e s  o f  it  b y  W ieb e , H a u ry  a n d  F a s h a m , A ngel a n d  R o e  (d iscussed  in  the  
tex t), a n d  th e  tw o  n ew  designs. A rea  ra tio s  a ssu m e  100%  fil tra tio n  e ffic iency ; a c tu a l  ra t io s  w ill d e p e n d  o n  m esh  used  a n d  will 

u su a lly  b e  b a se d  o n  fa c to rs  a ro u n d  0.45 to  0.55 fo r  m esh  a p e r tu re /m e s h  a re a  ra tio s .  F ig u re s  in  p a re n th e se s  a re  e stim ates .

Pro to typa f/iobc Haury Fastum IMER NMFS

Reduction  eone (m2)
o - - □ - 0.18

Mouth o f  n e t  (m2) 0.50 0.41 0 .7 8 1.00 0.20 0.25
Area o f n e t  (m2) 5.25 (5 .70) 4.70 5.50 0.80 1.94
R atio  ne t/m outh  a reas 10.50 13.90 6.00 5.50 4.00 10.80
Length mouth to  sam pler (m) 3.50 (5 .5 0 ) 3.00 2.74 1.20 3.00
Recorder f i l t r a t i o n  a re a  (cm2) 103.00 103.00 103.00 200.00 120.00 325.00
Net m o u th /reco rd er f i l t r a t i o n 48.50 39.80 75.70 50.00 16.70 5.50
Sampling p e rio d s  (sec) 30-60 15 * 60 + +
V e r tic a l ,  h o r iz o n ta l ,  ob lique O H V H 0 0

* = co n tin u o u s d r iv e  
□ = square  mouth

+ = o p tio n  o f 30, 60 and 120 se c .

filtered particles. W e also  expect th a t differential 
clogging o f the  m esh  a p e r tu re  of the conical net 
an d  filtering  gauze w ould  affect residence tim e, bu t 
th is was n o t d em o n stra ted .

H a u r y  (1973) suggested  th a t th ree  processes 
in te rac t to  p ro d u ce  the delays he observed in  his 
experim en tal system : (i) the  sta lling  of a particle  
in  a  von  K á rm á n  vo rtex  s tree t w ith in  the  conical 
net, (ii) the tem p o ra ry  han g -u p  of a  partic le  in  its 
m eshes by  p a r tia l ex trusion , and  (iii) the  stalling  
o f p a rtic le s  a t the  en tra n ce  tu b e  of the  reco rder 
because of a  restric tio n  of flow  th ro u g h  its w ater 
tunnel.

I t is difficult to  estim ate  how  im p o rta n t these 
p rocesses a re  in  an  o p era tio n a l L H P R ; th a t they 
occur to  som e degree is certain , and  g reat care 
has to  be exercised in  critica l exam ina tion  o f the 
in s tru m e n t fo r stalled  o r hung-up  organism s w hen 
it is recovered. I t is o u r  n o rm al p rac tice  to  
a b a n d o n  sam ples from  tow s in  w hich th is has 
occu rred  im p o rta n tly , m ak in g  o u r decisions in 
each  case by  co m p arin g  the  residual q u an tity  of 
p la n k to n  on  th e  p o ste rio r  p a r t  o f the  ne t an d  in 
the  w ater tu n n e l w ith  th e  am o u n ts  com prising  
the  b locks of p la n k to n  ta k e n  o n  th e  filtering gauze 
d u rin g  each  sam pling  in terval. It is o u r  ex­
perience th a t the  sta lling  o f o rganism s in  the  back  
end o f the  net, ju s t  in  fro n t o f the  recorder, is by 
far the  m ost co m m o n  p ro b lem ; in  the p ro to ty p e  
in s tru m e n t th is cou ld  usua lly  be p reven ted  by 
ad justing  the  sh ip  an d  w inch speeds in  o rd er to  
m a in ta in  vehicle speed th ro u g h  the  w ater a p p ro x i­

m ately  c o n s tan t u n d e r a  varie ty  o f w ea ther and  
sea cond itions. I t  is also  o u r n o rm al p rac tice  to  
exam ine o u r d a ta  very  carefully  for ind ications of 
en tra in m e n t o f surface o rgan ism s to  deep sam ples, 
o r vice versa; it is som etim es also  possib le to  
confirm  th a t sam pling  h a d  occurred  u n sa tis ­
factorily  d u rin g  a  h au l by th e  anom alous 
occu rrence  o f organism s k n o w n  to be restric ted  
to  rela tively  n a rro w  stra ta .

T h e  p ro to ty p e  f iltra tio n  system , as deployed  in  
E A S T R O P A C , was designed to  m inim ize the 
s ta lling  and  han g -u p  th a t was expected to  occur; 
to  som e ex ten t th e  p rob lem s en co u n te red  by 
o thers  a re  th e  resu lt o f the ir changes from  the 
p ro to ty p e  design. F a s h a m ,  A n g e l  and  R o e  (1974) 
experienced  serious h an g -u p  in  bags w hich form ed 
in  fro n t of transverse  net-seam s in  the ir L H P R : 
th e  p ro to ty p e  h ad  n o  such seam s, th e  n e t was 
cu t slightly  concave-sided to  avoid  bagging  and  
was tensioned  backw ards. T h e  reco rd er used by 
H a u ry  h ad  a  low  ra tio  o f gauze a p e rtu re  a re a  to  
rec o rd e r m o u th  area  o f a b o u t 0.70 even in  the  u n ­
clogged c o n d itio n : in  the p ro to ty p e  reco rder, in 
clean  cond ition , this ra tio  w as 0.94 to  0.98 d e­
p e n d in g  on  the  gauze used.

D E S I G N  S T R A T E G Y  F O R  
I M P R O V E D  P E R F O R M A N C E

T he inferences to  be d raw n  from  these ex­
periences a re  fairly clear : an  L H P R  will be m ost 
efficient ( th a t is, the re  will be least delay  betw een 
c a p tu re  a t th e  m o u th  of th e  vehicle an d  en trap -



F ig . 1. IM E R  sy stem  sh o w in g  th e  a r ra n g e m e n t o f  th e  re c o rd e r  b o x , e le c tro n ic  c o n tro l u n it a n d  th e  re c o rd in g  flow m eter.

[fa c in g  p. 1068]



Fig . 3(a). A rra n g e m e n t o f  f ro n t en d  o f  N M F S  veh icle  sh o w in g  so len o id  lock , h in g e d  d o o r  in  o p e n  p o s itio n , flow m ete r an d
u n iv e rsa l c a b le  c lam p .



Fig . 3(b). A rra n g e m e n t o f  re c o rd e r  bo x  a n d  e le c tro n ic  c o n tro l u n it  o n  N M F S  vehicle.



Fig. 3(c). T a il u n i t  o f  N M F S  sy stem  w ith  tu rb in e  b lad es  d riv in g  w a te r  im p e lle r in  c h a n n e l c o n n ec te d  lo  c h an n e l o f
re c o rd e r  box.
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m e n t in the recorder) w hen the  follow ing 
co n d itio n s app ly :

(i) the  d is tan ce  from  the m o u th  o f the vehicle to  
th e  rec o rd e r is minimal;

(ii) th e  m esh pressure  on the filtering  section  of 
th e  con ica l n e t is minimal;

(iii) the  flow  ra te  th ro u g h  the  rec o rd e r is m a xim a l 
T hese  co n d itio n s m ay be m et only  w hen a

su itab ly -designed  filtra tion  system  is tow ed 
th ro u g h  the  w ater a t a  velocity m atched  to  the 
design, an d  m odified  acco rd ing  to  local m esh- 
clogging  co n d itio n s caused by p h y to p lan k to n .

W e have designed  and  used tw o new  L H P R  
system s w hich a t tem p t to  satisfy these criteria. 
T he first is a  sm all system  (here referred  to  as the 
IM E R *  system ) w hich a ttem p ts  a very sim ple 
so lu tio n  to  th e  p rob lem s for use in  special co n ­
d itio n s, w hile the  second is a  la rger system  (here 
referred  to  as the  N M F S f  system) based on  a  m ore 
com plex  design th a n  prev ious system s. B oth  are 
designed fo r ob lique o r h o rizo n ta l sam pling  
tra jecto ries, an d  b o th  em ploy  the  now  widely- 
accep ted  p rin c ip le  th a t there shall be n o  brid les o r 
o th e r  en cum brances in fron t o f the  m outh .

T he I M E R  system  
T h is  L H P R  (Fig. 1) was designed for use in the 

restric ted  deck-space ab o a rd  a  B ritish  O cean  
W eath er Ship, an d  for this rea so n  its overall 
leng th  was co n stra in ed  to  less th a n  2 m.

It is ca rried  to  d ep th  by a  25 kg w eight sus­
p en d e d  4 m  below  the  fram e, the brid les being  so 
a rran g e d  (Fig. 1) th a t w hen h ung  vertically  w ith 
n o  fo rw ard  m o tio n  the vehicle is held in  a  h o ri­
z o n ta l position . D iv ing  is assisted by an  inclined 
p la n e  an d  the  vehicle is fitted w ith  a  relatively  
very  large b ox -ta il section  to  assist it to  m a in ta in  
a  p ro p e r  angle o f a ttack  du ring  tow ing. C on­
firm atio n  th a t it does, in  fact, o r ien t itself para lle l 
w ith  the  d irec tio n  o f flow was o b ta in ed  alongside 
a  vessel a t low  speeds a t sea.

C o n s tru c tio n  of the vehicle is of p a in ted  
Dexion®, m ild  steel an d  sheet a lu m in iu m  alloy  as 
a p p ro p r ia te  th ro u g h o u t. U sing  a s ta n d a rd  re-

* In s t i tu te  fo r  M a r in e  E n v iro n m e n ta l R esea rch , U .K . 
t  N a t io n a l  M a r in e  F is h e ry  Service, U .S .A .

co rd e r an d  elec tron ics from  B enthos Inc.®, the 
f iltra tio n  a re a  in  the  sam pler is m ore th a n  twice 
as large in  re la tio n  to  the  m o u th  a re a —and 
the re fo re  to  the ra te  o f p artic le  c a p tu re —th a n  all 
o th e r  L H P R s except the  N M F S  system  (T able 1). 
T h is fact, to g e th er w ith  the  very sh o rt n e t (in which 
a  d irec t tra jec to ry  betw een m o u th  an d  sam pler 
sh o u ld  n o t ta k e  longer th a n  a b o u t one second 
for an  u n im peded  particle) is p ro b ab ly  responsib le 
for its a p p a ren tly  g ood  perform ance, b o th  on  our 
n o rth ea s t A tlan tic  w ea ther sh ip  p ro g ram m e and 
on  s tud ies  o f th e  vertical d is trib u tio n  o f fish larvae 
over the  B ritish  co n tin en ta l shelf a t this In stitu te ; 
perfo rm ance , in  this case, is ju d g ed  by the 
rela tively  very sm all am oun ts  o f p la n k to n  n o r­
m ally  hung -up  on  th e  ne t o r found in  the  w ater 
tu n n e l a n d  by the  c lear sep ara tio n  of b locks of 
p la n k to n  on  the filtering  gauze. S im ilar sam plers 
have now  been em ployed by the  A berdeen  
L a b o ra to ry  of the  D ep a rtm en t o f A gricu ltu re and 
F isheries for S cotland , and  a t B ergen U niversity .

The N M F S  system  
T h is L H P R  (Figs. 2, 3a, b and  c), free o f any 

size constra in t, was specifically designed to  m eet 
the  c rite ria  ou tlined  above an d  to  inc lude som e 
o p e ra tio n a l capabilities n o t possib le in  th e  p ro to ­
type ; construc ted  o f a lum in ium  alloy, i t  is fitted 
w ith  a  specially designed  reco rd e r w hich  is 
o p e ra ted  by m odified B en th o s& m o to r  d riv e  and 
e lec tron ic  units. Because we use a one m etre 
V -fin depressor to  m in im ize the leng th  o f wire 
req u ired  to  reach a desired  dep th , this L H P R  is 
m o u n te d  o n  a  la te ra l w ire clam p fitted w ith  a 
un iversa l jo in t. A d o o r  a t th e  m o u th  of th e  vehicle 
is o p en ed  by  a so leno id /e lastic  sh o ck -co rd  system  
coup led  to  a  0 to  6 0 m in  tim er; the  electron ic 
sensing and  p ro g ram m in g  package is sim ul­
tan eo u sly  sw itched on, an d  the  reco rd e r begins to  
function , as the d o o r  is opened  after a  p re-set 
delay. T his allows the system  to  be sw itched  on 
a t a  pre-selected  d e p th  before an  ob lique hau l to 
the  surface so th a t n o  p o te n tia l sam pling  tim e on 
the  gauze is used d u rin g  the descent; th is facility 
th u s  allow s for very deep  hau ls to  be m ade, lim ited  
only  by the  p ressu re  cases of the e lec tron ic  
packages, and  m akes it im possib le fo r any
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Fig . 2. G en era l a r ra n g e m e n t o f  th e  N M F S  sy stem  w ith  th e  ta il u n it  p a rtia lly  c u t a w ay  to  sh o w  w a te r  im p e lle r. N u m b e rs  
re fe r to  th e  fo llo w in g  c o m p o n e n ts :  1— so len o id  lo c k ; 2 —u n iv e rsa l c ab le  c la m p ; 3 —p o w e r  p a c k  fo r a c t iv a tio n  o f s o le n o id  lock  
a n d  e lec tro n ic  c o n tro l u n i t ;  4 —re c o rd e r  b o x ; 5 —e le c tro n ic  c o n tro l  u n it ;  6 —s m a ll ac tiv e  im p e lle r in  w a te r  tu n n e l, g ea rb o x ,

a n d  p ass iv e  8 -b la d ed  tu rb in e  fan. (S cale  b a r — 50 cm .)

organism s taken  in  the  ne t d u rin g  the rap id  
descent, w hen the  n e t is n o t expected  to  be 
delivering p la n k to n  to  th e  reco rder box  properly , 
to  be recorded  on  the w ay up.

U sing  princip les investigated  by T r a n t e r  and 
H e r o n  (1967), a reduc tion  eone o n  the m o u th  of 
an  a lm ost parallel-sided  tu b u la r  ne t is used to 
reduce m esh p ressu re an d  co n seq u en t hang-up  of 
organism s by p a rtia l ex trusion . O b serv a tio n  o f the 
N M F S  system  ru n n in g  a t the surface show s the 
ne t to  be flaccid and  u n d u la tin g , suggesting  th a t 
th is design strategem  has been successful. The 
tu b u la r  fo rm  of the  net w as selected  to  m inim ize 
the  long axis w hile m ain ta in in g  the  m esh a re a  as 
la rge as possib le to  reduce m esh-pressure . The 
orig inal version  of this design  h a d  a  ne t o f 3.25 m 
long, w hich has been reduced , ap p a ren tly  w ithou t 
affecting th e  tu rg id ity  of th e  net, to  2.5 m  in  the 
presen t version. W e d o  n o t believe it w ould be 
pro fitab le  to  reduce it fu rthe r, th o u g h  th is w ould 
be possib le and  m igh t be p ro p e r  in  cond itions 
w here no  clogging was an tic ipated .

In  o rder to  clear the  w ater co n ta ined  in  the 
back end of the  tu b u la r  net, w hich is a ttac h ed  to  
the  sam pler box by a  sh o r t non-filtering  eone, 
flow th ro u g h  the  sam p ler is increased  in  three 
ways : (i) the  filtering a re a  o f the  s tepp ing  gauze 
has been increased  three-fo ld , (ii) the  ra tio  filtering 
a re a /m o u th  a re a  is n ine tim es g rea te r th a n  in  the 
p ro to ty p e  sam pler an d  14 tim es g rea ter th a n  in 
H a u ry ’s sam pler, an d  (iii) w ate r is sucked  th ro u g h

the  w ater channel o f th e  sam pler by  an  active 
im peller system  m o u n te d  in  the  ta il of the  vehicle.

T he increase in  filtra tion  a re a  is sim ply  ac­
com plished  by a lte ring  the  d im ensions of the 
sam pler box, an d  by fitting  a  m o re  pow erful 
electric d rive m o to r  th a n  is s ta n d a rd ; it seem s 
p ro b ab le  th a t co n tin u ed  deve lopm en t in  th is 
d irec tion  w ill be constra ined  p rim arily  by the 
cost o f the increased  w idth  of the  filtering  gauze, 
an d  only secondarily  by vehicle lim ita tions. The 
la rger the  a re a  of filtering  gauze a t each step, the 
better. A sm all im peller (an o u t-b o a rd  m o to r 
propeller) is m o u n te d  in  the  ta il o f th e  vehicle in 
a n  ex tension  of the  reco rd e r w ate r channel 
(Figs. 2 an d  3c) an d  is d riv en — th ro u g h  a  1:7 
red u c tio n  g ea rb o x — by the  ac tion  of a  m u ch  larger 
8-b laded  tu rb in e  fan, itself d riven  by th e  forw ard 
m o tio n  of the  vehicle. This system  achieves active 
tra n sp o rt backw ards th ro u g h  the  rec o rd e r an d  is 
designed to  c lear the  dead space in  fron t o f the 
reco rd e r m ou th .

T h e  N M F S  L H P R  system  has been used a t sea 
in  the C a lifo rn ia  C u rren t an d  in  the  N o rth  
A tlan tic  u n d er a  varie ty  of cond itions and  has 
p roved  to  give very clean  b locks o f p la n k to n  on 
the  filtering  gauze an d  negligible net-c logging  in 
fro n t o f the sam p le r box.

E ach  o f these new  vehicles uses a  sm aller m ou th  
a re a  th a n  th e  p ro to ty p e  and  th a n  is usua l for a 
no rm al in teg ra tin g  p la n k to n  net. Increase in  this 
d im ension  in  o rd er to  achieve la rger sam ple
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volum es can  be b a lanced  by rela tive increases in 
m o st o th e r d im ensions up  to  any  reasonab le  
value; only the  leng th  o f the  long axis o f the  net 
is im p o r ta n t in  an  abso lu te  sense, an d  we are  n o t 
sure w hat th e  perfo rm ance o f a  la rger version 
w ould  be.

I t  m igh t be th o u g h t th a t any new  design should  
be sub jected  to  r ig o ro u s  assessm ent o f its  filtration  
characteristics before it is u sed ; it m igh t also be 
th o u g h t, as H a u r y  (1973) seem s to  im ply, th a t 
the q u an tifica tio n  o f relative ne t residence tim es 
fo r v arious ca tegories o f p lan k ters , under different 
cond itions o f p h y to p la n k to n  clogging an d  tow ing 
speeds, was a  p r io r  req u irem en t before using an 
L H P R  fo r eco log ical investigations. O n  the 
co n tra ry , we th in k  th a t this w ould  be an  u n ­
realistic ap p ro a ch , w hich w ould  ignore th e  great 
diversity  o f form  an d  b eh av io u r o f Z ooplankton, 
the  rap id  changes in  f iltra tio n  perfo rm ance of 
conical filtering  nets in  the presence of p h y to ­
p la n k to n  b lo o m s ( S m i t h ,  C o u n t s  and  C l u t t e r ,  
1968) and  th e  occu rrence  of sub-surface cu rren ts 
w hich m ake  ac cu ra te  co n tro l o f vehicle speed 
th ro u g h  the w ate r very  difficult. O nly  in  a  research  
p ro jec t req u irin g  repeated , sequen tia l sam pling  at 
a single s ta tio n  w here only m in o r changes were 
expected to  o ccu r in  th e  k in d  of b io ta  present, 
m igh t such  a  te s tin g  p ro g ram m e be useful : even 
th en  it  w ould  have to  be done a t sea, ra th e r  than  
in  an  experim en tal flum e. In  fact, we th in k  it m ight 
give a false sense o f security  to  have availab le 
fo r a  p a r tic u la r  design, th a t subsequen tly  cam e 
to  be used u n d er a  w ide range of env ironm enta l 
and  o p era tin g  cond itions, an  in itial se t o f p e r­
form ance d a ta  su p p o rted  by s ta tistica l analysis.

F o r  these reasons, we have n o t quantified  the 
flow  an d  a ttitu d e  characteristics o f o u r  equ ipm en t 
beyond , in  the  case o f th e  N M F S  net, u sing  a set 
of te lem ete ring  flow -m eters to  ca lib ra te  system  
flow m eters in situ  and  to  determ ine op tim al 
tow ing  speeds in  th e  unclogged condition .

d e p l o y m e n t  i n  p r o d u c t i o n  s t u d i e s

Even L H P R  system s w hose design satisfies the 
criteria  d iscussed above can  o b ta in  precise d a ta  
only  if they  a re  dep loyed  in  a  ra tio n a l m anner. 
W e th in k  th a t th e  m ost im p o rta n t task  to  which

L H P R s can p ro p erly  be app lied  is the  ecology of 
the  u p p er few h u n d red  m etres o f th e  ocean, w here 
the  b io ta  d irectly  concerned  w ith p ro d u c tio n  
processes occur. In  such  studies, em phasis will 
inev itab ly  be on  the  vertical ra th e r th a n  the 
h o rizo n ta l co m p o n en t o f p la n k to n  variab ility , for 
it  is in  th is  p lane  th a t the  im p o rta n t env iron ­
m en ta l an d  b io tic  g rad ien ts lie. H a u r y ’s  a ttem p t 
(1973) to  sam ple in  the vertical p lane to  investi­
g a te  these g rad ien ts was, it  seem s to  us, the  w rong 
so lu tio n  to  this sam p ling  problem .

Clearly , even an  L H P R  of ideal design w ith  a 
ze ro  p la n k to n  residence tim e, has a m in im um  
d istance of d isc rim in a tio n  a long  its axis o f travel : 
a t a b o u t 100 cm  s - 1 , an d  a t the  m o st usual 
filtering  p erio d  an d  gauze length , this w ould  be of 
the  o rd e r  o f 30 m, a long  a  p a th  of approx im ate ly  
2.0 to  2.5 km . Such sam pling  param ete rs  a re  not, 
o f course, ideal for th e  s tudy  of p ro d u c tio n  
p rocesses along  a  vertical p a th  : the  dep th  
ach ievab le is g rea ter th a n  is desirab le an d  the 
v ertical d isc rim in a tio n  is to o  coarse. O n  the  o ther 
h an d , ob lique hauls from , say, 200 o r 500 m  will 
achieve vertical d isc rim in a tio n  o f a b o u t 3 and 
10 m , respectively, w hich is a b o u t w hat is usually 
th o u g h t to  be useful. T his p rinc ip le  can, o f course, 
be ex tended  to  even finer d isc rim in a tio n  from  
even shallow er hauls, an d  is a  m ore  realistic 
so lu tio n  th a n  one w hich  d epends upon  sho rten ing  
the  sam pling  period  an d  h au lin g  vertically.

A n ob lique hau l has the  added  ad v an tag e  tha t 
it in teg rates h o rizo n ta l variab ility ; as is well 
know n, and  as W ie b e  (1970) an d  F a s h a m ,  A n g e l  

an d  R o e  (1974) have used  L H P R s to  study, 
h o rizo n ta l patch iness occurs on  the scale o f tens 
to  h u n d red s of m etres, a n d  p resum ab ly  ou tside 
this range as well. W e d o  n o t th ink  th a t these 
aggregations, w hether b ehav iou ristic  o r caused  by 
flu id  m o tion , are fundam en tally  as im p o rta n t in 
p ro d u c tio n  processes as th e  vertical aggregation  
o f b io ta  in  associa tion  w ith  different values along 
the  vertical g rad ien ts o f physical, chem ical and 
b io logical v ariab les; on ly  in  shallow  shelf seas is 
th is p e rh ap s  no t true. I t  the re fo re  seems to  us a 
bonus th a t an ob lique h au l w ith a n  L H P R , 
designed to  achieve a d e q u a te  vertical d iscrim i­
na tio n , shou ld  a lso  to  som e ex ten t in teg ra te
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h o rizo n ta l patchiness, an d  so rem ove som e o f the 
variab ility  w hich w ould o therw ise  occur betw een 
vertical hauls.

D a ta  ob ta ined  by W i e b e  (1972) ap p e ar to  
confirm  th a t this occurs in  an  ob lique h au l; 
co m p arin g  long (2000 m  ho rizon ta l) and  sh o rt 
(500 m ) ob lique hauls from  100 m  to  the surface 
he found  th a t for the m ore com m on  species the 
longer to w s—and  therefore th o se  w ith th e  less 
s teep  ob lique profiles—had the g rea te r p rec ision : 
in  fact, a 0.25 m 2 net had  g rea te r p rec ision  w hen 
hau led  on  the less steep profile th a n  d id  a  1.0 m 2 
net on  the steeper ob lique. Even m ore im ­
p o rtan tly , this is a  rare case in  w hich the sm aller 
o f tw o  experim ental filtered volum es yielded the 
m o re  precise sam ples; th is confirm s earlier 
theo re tical stud ies ( W i e b e ,  1971) of the relative 
effects o f tow  length an d  filtered v o lum e on  sam ple 
precision , an d  supports  o u r o b liq u e  hau l strategy  
for study ing  vertical g rad ien ts and  stra tifica tion .

W hile there is no  d o u b t th a t the  sm all m o u th  
a re a  of curren tly -used  L H P R s will increase 
avo idance ( M c G o w a n  an d  F r a u n d o r f ,  1966) 
so th a t o rganism s capab le  o f rap id  ‘ju m p s ’ will 
be undersam pled  and  diversity  decreased , the 
relatively  very sm all ind iv idual volum es filtered 
(range approx im ate ly  10 to  20 m 3 for o u r  tw o 
system s) a t each sam pling  step  ca n n o t be assessed

in the  ligh t o f p rev ious investiga tions of the 
effect o f filtered vo lum e o n  sam ple  precision  
th ro u g h  the m ed ia tion  of n o n -ra n d o m  spatia l 
d is trib u tio n s o f b io ta .

W i e b e  a n d  H o l l a n d  (1968) ana ly se  the 
confidence lim its o f single sam ples on  the  basis of 
13 pub lished  stud ies o f p la n k to n  net sam pling  
characteristics, show ing  th a t 95%  confidence 
lim its com m only  exceed half to  d o u b le  the  o b ­
served value, an d  th a t la rger filtered volum es 
yield sm aller variab ility : how ever, all these 
sam ples a re  o f com paratively  la rge volum es taken 
a long  long ho rizon ta l, ob lique an d  vertical 
trajectories, relative to  the  ind iv idual L H P R  
sam ples, an d  un like a  typical L H P R  sam ple  they 
m ust in teg ra te  in to  a single sam ple  in  th e  cod-end 
o f the ne t m any  b io ta  w hich w ould  never o th e r­
wise meet. T h e  precision  stud ied , then , in  the  past 
has alm ost alw ays been of com pletely  artificial 
species assem blages. W e have been u n ab le  to  
s tudy  the  p rec ision  a tta in ed  by  the ind iv idual 
L H P R  sam ple , w'hich is typically  of a  m ore  real 
b io tic  com m un ity  o f very m uch  low er diversity 
th a n  taken  w ith  open  n e ts ; th is  could  be done 
w ith  a  p a ir o f m atched  sam plers in  a  single fram e, 
perhaps. A t p resen t, it is only  possib le to  say on 
the basis o f profiles such  as th a t show n in Fig. 4 
th a t w here b io tic  g rad ien ts  do  no t occur the

TEMPERATURE °C BIOMASS jjg/i TOTAL INDIVIDUALS
(x 1 0 3) (x 1 0 3)

5 10 15 20 25 3 0 0  1 2 3 O 21 42

-100

2 0 0 -

Fig . 4. P ro files  o f  te m p e ra tu re , b io m a ss  a n d  to ta l  n u m b e rs  o f p la n k to n  o rg a n ism s  to  d e m o n s tra te  th e  k in d  o f  d a ta  derived  
fro m  a  ty p ica l sh a llo w  o b liq u e  h au l, in  th is  case  o f  3 4 -m in  d u ra t io n ;  th is  is  a  lo w  la ti tu d e  s ta t io n  in  th e  e a s te rn  tro p ica l

P ac ific  O c ea n  (0 9 "4 0 'N  112 0 2 'W , n o o n , 25 M a rc h  1968).
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variab ility  betw een  ad jacen t sam ples is relatively 
low, and  th a t w here ad jacen t sam ples d o  not 
quan tita tive ly  resem ble each  o th e r  th is can  be 
in te rp re ted  as reflecting a  b io tic  g rad ie n t [e.g. 
W ie b e  (1970) an d  th is paper, Fig. 4 ] ,  W e have 
found th a t even in  relatively o lig o tro p h ic  oceanic 
cond itions L H P R s, w ith  th e  sam p ling  charac­
teristics described  here, give sam ples w hich we can 
accept for q u an tita tiv e  stud ies because of the 
above con sid era tio n s and  w e have n o t so far found 
it necessary to  re so rt to  la rger system s w hich we 
suggest cou ld  be feasible.

If, for som e reason , it  is essen tial to  sam ple 
tru ly  in  th e  vertical p lane, a t a  fine level o f 
d isc rim ina tion , th e n  we suggest th a t a  w inched 
p u m ping  system  (e.g. B e e r s ,  S t e w a r t  an d  S t r i c k ­

l a n d ,  1967) w ould  be ap p ro p ria te . Sim ilarly, if 
very fine d isc rim in a tio n  in  the  h o rizo n ta l p lane 
is required , then  a  tow ed p u m p in g  system  (e.g. 
O ’C o n n e l l  an d  L e o n g ,  1963) w ould  be in d i­
cated.

A ckn o w led g em en ts—T h e  N M F S  sy ste m  w as d e v e lo p ed  a t th e  
F is h e ry -O c e a n o g ra p h y  C en ter , L a  Jo lla , a s  p a r t  o f  the  
re sea rch  p ro g ra m m e  o f  the  N a tio n a l  O c ea n ic  a n d  A tm o s­
p h e ric  A d m in is tra t io n ; w e a re  g ra te fu l fo r th e  lo a n  o f  th is  
e q u ip m e n t fro m  N O A A -N M F S  to  N E R C -IM E R . T h e  
IM E R  sy stem  w as d e v e lo p ed  as  p a r t  o f th e  o cean ic  
p la n k to n  eco lo g y  p ro g ra m m e  o f  th e  E d in b u rg h  L a b o ra to ry  
o f  th e  In s titu te  fo r M a r in e  E n v iro n m e n ta l  R esearch , a  co m ­
p o n e n t o f th e  N a tu ra l  E n v iro n m e n t R esearch  C o u n cil.
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